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HH H x N, n 3 3 9 1 E, e
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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English

sin sin sh sinh arc sh sinh-1
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tg tan th tanh arc th tanh-1
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Russian English
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A. I. Voskresenskiy

The atmosphere of Antarctica is highly transparent. High values of

solar radiation and an increased range of visibility, for example, are a

natural consequence of this characteristic. As we know, the atmosphere's

transparency depends on the concentration of atmospheric aerosols, i.e.,

solid or liquid particles dispersed in the free atmosphere. At present, the

study of atmospheric aerosols is receiving a great deal of attention both in

the Soviet Union and abroad. Considerable attention is being given to the

physicochemical and quantitative composition of atmospheric condensation

nuclei, which are very small particles with sizes from 5-10 -
7 to 5.10 -

7 cm.

I published my initial extremely limited data about the number of con-

densation nuclei in the Mirnyy region in 1962 based on the findings of twelve

series of measurements [2]. But because the site where the observations were

made was not sufficiently representative of the observatory region (the ob-

servations were made on the Komsomol'k stoney mud volcano), the data pres-

ented were only approximate and characteristic of the sections with outcrops

of bedrock.

More long-term observations of condensation nuclei were made from Febru-

ary through November 1965 in the vicinity of the weather station. The obser-

vations were made with Shol'ts nuclei counters (small model) manufactured by

the main geophysical observatory [4). The counter was designed using the
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principle of cooling humidified air during its adiabatic expansion. The

supersaturation (200-300%) created in the counter chamber in this case causes

water vapor to condense on the nuclei, which are precipitated on the counter

window in the form of drops. Of course, the supersaturation created in the

instrument does not occur under natural conditions; thus, the counter read-

ings are overestimated compared to the actual number of nuclei which partici-

pate in cloud formation. This integrated measuring procedure also makes it

possible to estimate the aerosol component in order to solve some other

problems.

The procedure for collecting the air samples for making the observations

was modified somewhat; it is most like the procedure for collecting air

samples during aircraft observations [1]. Considering the constancy of the

high wind velocities in the vicinity of the Mirnyy observatory, an air intake

was made based on the wind vane of the M-47 anemometer, from which the air

was fed into the weather station room through a Durite air hose. The pres-

ence of the wind vane mounted above the roof of the weather station made it

possible to direct the intake toward the wind when its velocity was greater

than 3 m/s. The total length of the air line did not exceed 2 m. The air

line's airtightness was regularly checked. When the wind velocity was less

than 3 m/s or during precipitation, samples were obtained by injection. The

total number of these observations did not exceed 10%.

According to the research of I. I. Gayvoronskiy [3], the differences in

the air collection methods cause the measurement results to differ by an

average of 20%. Therefore, forty series of comparative observations were

made using the two sampling methods in question. It turned out that the

injection method underestimates the value of the condensation nuclei by an

average of 10% compared to the value obtained by the suction method, with the

maximum difference reaching 46%.

The observations were usually made without using films to keep the cham-

ber from fogging up when at least 4 cm3 of air was introduced into it. The

nuclei were counted on counter Z2 , while the observations were processed

using the formula
n
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where Bi is considered to be equal to 91; n is the number of nuclei falling

on the counter Z2 ; V2 is the volume of the introduced sample.

During the period from February through November 1965, 442 series of

observations were made; each of them consists of 3-5 measurements.

It should be noted that the wind conditions in the Mirnyy region which,

as we know, greatly affect the nucleus concentration, have a number of pecu-

liarities. They include the high frequency of the south-eastern and south-

south-eastern (effluent) wind from the deep regions of Antarctica, where the

underlying surface is virtually free from nucleus-forming characteristics.

The eastern wind direction which is so predominant comes from with the en-

croachment of relatively warm sea air. The frequency of other directions

during the year is low.

The above characteristics of the air masses which reach the Mirnyy re-

gion make it impossible to calculate the mean values of the condensation

nuclei, since they depend on the ratio of the number of measurements made for

the predominating wind directions. Therefore, the mean monthly values of the

condensation nuclei were computed separately for the effluent south-eastern

and south-south-eastern and cyclonic eastern winds. Table 1 gives the mean

and extreme values of the concentration of condensation nuclei in the ground

air layer during an effluent wind.

Table 1. Mean monthly and extreme values of atmospheric
condensation nuclei during effluent wind (cu-3).

I! l11 IV VI V! VlllVilll IX X (0) Becb

I I Ii I I I nepiio,

(4 CpeAuiee .. .. .. ........ 152 91 -8527 272055 93 58
L3 MaKciimafbHoe ......... 164 - 127 73 73 55 127 182 260
k.4tMHHHMaib,oe .......... 137 36 - 55 0 0 0 18 18 0
LOIci. o ka6mJIoeHH. ...... 25 19 - 19 107 48 42 23 23 306

KEY: (1) Entire period. (2) Mean. (3) Maximum.
(4) Minimum. (5) Number of observations.
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The extremely low values of both the mean monthly and extreme

concentrations of atmospheric condensation nuclei throughout the observation

period should be pointed out. Condensation nuclei were not detected at all

in certain air samples taken in June-July. All the condensation nuclei fell

on the counter window during the first expansion of the counter chamber dur-

ing the winter observations with an effluent wind. No nuclei were observed

to have participated during the subsequent three-four expansions of the cham-

ber. The mean value of the condensation nuclei for the entire observation

period (58 cm- 3) is the lowest compared to other areas of the Earth.

When analyzing the mean monthly values of the nuclei, we can see a

seasonal variation characterized by a decrease in the number of nuclei from

fall to winter and a certain increase in the spring. Thus, the maximum mean

monthly concentration of nuclei, 152 cm- 3 , was observed in February, when the

water area of the Davis Sea near the observatory was free of ice. This per-

iod also has a clearly expressed diurnal variation of the wind, consisting of

a decrease in the effluent wind velocity and its withdrawal toward the norLh-

ern rhumb lines during the daytime.

Table 2. Dependence of number of condensation nuclei on wind
direction based on data of measurements on 2 February 1965.

. ~ (:8 ' 9 ' 10 qo,' 1 1 , 12 ' 4 15 c 16( r

40 xur4Atlin 2 IX) .,u 0 ,KuI.5U 0,HII5 . 4H30 .,umrtnO0 ul0n.

CA Hanpavuimte ise~pa f1B I6(WIOB &O~B 1((410B 9B (7)B'CBBCB 107
(4JCiKOpOCTh BeTpa

(..h/ceK) ......... 11,0 8,5 7,0 6,.5 .5,5 4,5 2,0 2,0 8,0
(.)i .io iep (c.s- 3) 91 73 81 515 91 73 273 291 117

KEY: (1) Hours. (2) Minutes. (3) Wind direction. (4) Wind
velocity (m/s). (5) Number of nuclei (cm-3 ). (6) South-

south-east. (7) Southeast. (8) East-south-east.

As the Davis Sea freezes and the diurnal variation of the wind ceases,

the mean monthly values of the number of nuclei decrease, reaching the maxi-

mum (20 cm- 3 ) in August. As the diurnal variation of the wind appears in

September, and especially in October, the number of nuclei decreases again,
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obviously because of the influx of sea air saturated with nuclei when the

wind direction changes. This is confirmed by the data in Table 2, which

gives the mean velocities and wind direction for the condensation nuclei

measurement periods.

Table 3. Diurnal variation of number of condensation
nuclei during effluent wind on 2 June 1965.

-10 ti 40n j20uH 00.1 ri HI 1.5. Ain (X1 UN
(4) 0 (. l ( .jl .

(.?)HaipaBj1eiiite Dc~pa..............10 & B B I{J O B KIO OB
(4)CxOpocTb BeTp, (,ICcek) . . . 10 10 11 12 10 10 9
(4 1ic10o R.cp (cM-3 ) ..... 31 37 12 .30 18 31 24

(continued)

l '1 17 18 it' 18' 21 , 2 1'P
4-3 n . 00 ., 1.5 .wyn1 O .mum 4-O Arl 10 .lmltf A0 tti

(4 Hainpan.ieiiife eeTpa .l .. A O 0OB IK))OB IQ 1 0)B 10%13 AlOB 114
("OJCKopOCTb Betpa (.XIcex) . . 1 10 I 10 9 11 10
(6 4itcno Faep (c. - ). .... ..... 12 24 31 12 24 18 31

KEY: (1) Hours. (2) Minutes. (3) Wind direction. (4) Wind velocity
(m/s). (5) Number of nuclei (cm-3 ). (6) South-south-east.

It is evident from Table 2 that the number of condensation nuclei not

only increases significantly when the wind moves off in the east-north-east-

ern direction, but that it also continues to remain high during a certain

period of time when the direction changes to south-eastern. In the spring-

time, when the water area of the Mirnyy roadstead is covered with shore ice,

this contrast in the diurnal variation of the condensation nuclei is not as

clearly pronounced. In the wintertime, when diurnal variation of the wind is

virtually absent, the condensation nuclei content remains fixed during a 24-

hour period (Table 3). The absence of a diurnal variation in the distribu-

tion of condensation nuclei is entirely natural, since the snow cover of

Antarctica does not have nucleus-forming characteristics. The presence of
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nuclei during the effluent wind is obviously connected with their precipita-

tion by gravity from higher layers of the atmosphere. For this reason, we

can assume that an inversion distribution of condensation nuclei is present

in Antarctica.

The data in Tables 1-3 indicate the large role played by the sea air

masses in transporting condensation nuclei to the continent of Antarctica.

Here it is appropriate to recall A. Mrkos's detection of dust particles from

South American and Australian flowering vegetation transported by air flows

to the Vostok station more than 6000 km away from these continents [5].

Table 4. Mean monthly and extreme values of atmospheric con-
densation nuclei in the presence of an eastern wind (cm-3 ).

•1' V V VH Vill Ix X I IBCb
11P110 t

(4Cpeiee .. .. .. ... 314 281 266 311 - 173 266 198 - 2.18
(;)aKcifmanibioe .. . .... ) 396 4.56 495 - 411 371 404 3 61
iM'HHMaAhHoe..... 31 18 22 12 - 12 28 18 12
$)4mcJIo Ha6mtoaeH1I1 .i . . 2 90 26 15 18 -- 48 13 13 - I1

KEY: (1) Entire period. (2) Mean. (3) Maximum. (4) Minimum.
(5) Number of observations.

A quantitative estimate of the effect of sea air flows on the concentra-

tion of condensation nuclei is made in Table 4, which shows the mean monthly

and extreme values of the condensation nuclei in the presence of an easterly

wind. It is evident from the table that when the sea wind encroaches, the

mean concentration of condensation nuclei in the vicinity of the Mirnyy

observatory increases four-fold. Here the mean monthly values approach those

of the condensation nuclei above a sea area. It should be noted that most of

the observations were made during a snowfall, when the nucleus washout effect

is great.

As one would expect, no seasonal variation in the mean and extreme val-

ues is observed. However, more careful analysis revealed that the air masses

which enter the Mirnyy region with Kerguelen wind cyclones are generally more
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highly saturated with nuclei than the air masses from cyclones of the Antarc-

tic front, for example. When Kerguelen cyclones are present, the air con-

tains around 350-400 nuclei per cm3 of air, and when Antarctic cyclones are

present - 150-180. This can be explained by the fact that Kerguelen cyclones

move into the Mirnyy region above the water surface directly from the site of

their origination, whereas the cyclones of the Antarctic front travel a long-

er path, during which a large number of the nuclei are used in cloud-forming

processes and are washed away by precipitation.

Although sea air masses are considered to be the main source of conden-

sation nuclei in Antarctica, one must also consider the role of the rock

masses that are not covered with snow almost all year round. The limited

observations of the condensation nuclei made on the Komsomol'sk mud volcano

in 1962 [21 indicate that even small outcrops of bedrock on the bottom sur-

face can cause a large number of nuclei to enter the atmosphere; this amount

is obviously greater than the number of nuclei coming from sea air. However,

because of the small area of these rock masses, one can consider their role

in the overall condensation nucleus balance to be local; this is all the more

true because the presence of an intense ground inversion prevents them from

being transferred into the upper layers of the atmosphere.

The following conclusions can be drawn from the analysis of the above

information:

1. The number of condensation nuclei near the coast of Antarctica is

extremely low and is closely tied to the wind direction. In the presence of

an effluent wind, the mean concentration of atmospheric condensation nuclei

in the ground layer is around 60,Kcm 3 , with a maximum value of 410,cm - . No,I ' . <

nuclei at all were detected in some samples. When the sea wind encroaches on

the shore, the mean number of condensation nuclei increases four-fold, being

258 cmre, with a maximum value of 561 cm"3. The encroachment of Kerguelen

wind cyclones is accompanied by a larger concentration of nuclei than during

cyclones which move along the Antarctic front; this is because of the trajec-

tories of movement of these cyclones.

7
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2. A diurnal variation of the number of condensation nuclei is only ob-

served during hot weather, when the wind direction shifts from the southern

quadrant to the north-eastern one. The amplitude of the diurnal variations

in the number of condensation nuclei reaches 200 zma'. There is no diurnal

variation of the distribution of condensation nuclei in the wintertime in the

presence of an effluent wind and any time during a cyclone wind. No

connections were observed between the wind velocity and the distribution of

condensation nuclei in the ground layer.

3'. The ocean surface is the main source of atmospheric condensation

nuclei in the Mirnyy region. Bedrock which protrudes onto the bottom surface

causes a local increase in the number of nuclei; however, they obviously play

a small part in the overall balance.
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