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Fig. 2. .Nomogram for determining drift -speed.

‘The quadrant in which the drift.vector lies

- has to be decided by the leads or the lags in-the fading patterns in the N and
the W aerials with reference to the reference aerial. The result of observa-
tions carried out over a period of 15 months are summarised below.

RESULTS

(1) Observations on 2-6 Mec.|s.—Hourly observations on this frequency
were started in August 1956. Owing to heavy absorption it was difficult,
during many months, to get reflections at this frequency between 11 and
I4:hours.  Night observations were started in October 1956 and are taken
onabout eight nights a month. The night time reflections refer to the F layer
and the day-time reflections to the E layer, :
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Tic. 3. Nomogram for determining drift direction.

Composite diagrams showing individual observations of drift direction
and speed are shown in Figs. 4 and 5. The available data are grouped
according to seasons; December-February (winter), March-May (spring),
June-August (summer) and September-November (autunin). The diagrams
" on the left-hand side refer to the direction towards which the drift took place,
while those on the right-hand side show- the speeds. A continuous curve is
drawn in the latter diagram passing through the median values of the speeds
at the different hours of the day. The apparent continuity of the data of the
day and the night hours should be viewed with caution as they refer to two
different regions (E and F). )

In winter ménths, the direction of the drift showed a,diurnal variation
with a predominant north-westward movement during the day hours
(06-18 hours), but with significant south-eastward drift in the night hours.

“The scatter in the night observations was larger than on the day-time, In
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direction, tended towards N-W after, midnight. In the equinoctial months,
the general flow was towards north-west with significant occurrences of south-
eastward or eastward flow particularly in the morning hours. On the whole,
the general drift observed on 2-6 Mc./s. at Ahmedabad is towards N-W but
this is modified by a pronounced drift towards east in the morning hours of
the summer months. The morning eastward drift was also noticced on many
days in spring and autumn. , .

The speeds of drift in winter showed a tendency to a minimum at about
sunrise and sunset. In the summer months, the mean speed showed a maxi-
mum at about midnight and it did not show any significant changeﬂfdurﬁlg
the day hours of observation. In the transition months, the diurnal varia-
tions of speed were intermediate between those in summer and in winter.

The mean N-S and E-W components of the drift in different hours of
the day in each of the four seasons are plotted ylé 6.
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The diurnal variation is very clear in winter and there is evidence of a
semi-diurnal variation in summer. It will be noticed that the drift has a
northward component through the major part of the year. '

The month to month variations in the drift direction can, be more clearly
ceen in the wind roses for the hours 06-18 and 19-05 given in Figs. 7
and 8. It may be noted that the directions shown are the directions fowards
‘which the drift took place. This is different from the convention adopted
in meteorology. In the winter months, the dominant day-time direction was
towards N-W with a maximum occurrence (52% of the total observation)
along that direction in January and February 1957. The eastward drift will
be seen to increase gradually from then onwards and attain a maximum (with
529 of the total observations eastward) in August 1957. In the night time
‘wind roses also, the month to month changes in drift direction are clearly
seen (Fig. 7). ‘ .

The monthly speed distributions for the iwo periods are shown in
Figs. 9 and 10. Tt will be seen that the speeds are more spread-out in winter
than in summer. They are also more scattered in the night hours than in

day hours.

The monthly variations of the nieg_n drift speed for the period October -

1956 to January 1958 are shown in Fig. 11. In the same diagram, the
mean speeds observed on 4-0 Mc./s. during the day hours are also
shown. It will be seen that there is no clear difference between the mean
speeds of drift observed on 2-6 Mc./s. and 4-0 Mc./s. This suggests that the
“inhomogeneities whose drifts were responsible for the fading of the waves
of both the frequencies were located in the same region of the ionosphere.

Duting the summer months, especially in July 1957, reflections could be
obtained on many nights from Es. Such observations could not be obtained
in the winter months. Tn July 1957, 31 observations of the Es c}rift showed

a principal direction of movement towards N-W. The mean speed was

69m./s. The details of these observations are not included in this paper.

) Observations on  4-0 Me./s.—Hourly observations on 4 Mc./s.
‘between 06 and 18 hours werc started in February 1957. “They refer to F
layer reflections in the day-time. During the summer months, the critical
frequency of the E layer at Ahmedabad went beyond 4-0 Mc./s. in mid-day
and early afternoon hours. During such periods, no observations of the
- F region drift could be made.

.

The wind roses for the 4-0 Mc./s. observations are given in Fig. 12,
Here again, the main direction was towards N-W in winter and spring, and ',

~wvar
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j

AHMEDABAD MONTHL.Y MEAN- SPEED OF- DRIFT

X~ 2.6 MC[5 (06-18 HRS)
0w2.6 MC/S {19 -OSHRS)

150~ 8-4.0 MC/[$ (06-18HRS)
v
= R
. % X
8 % o
! : ) :
éloow— ) o
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o ’ X . e
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° [+] A A A A
50~ v 4 X X
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S w b J F M A M I J AS o N D J
{956 1957 1958

¥rc. 11. Monthly mean speeds of drift.
ecastward in theé morning hours of summer and autumn, the eastward drift
being maximum in August 1957. In Fig. 13, the speed distribution for
the various months at this frequency are shown. The speeds are more spread-
out in winter than in summer. The mean monthly speeds in Fig. 11 show
a. variation similar to those on” 26 Mc./s.

}

Comparison of results with those obtained elsewhere.—Observations of
ionospheric drift by the spaced aerial method on & frequencil around -
2-6 Mc./s. have heen made at a number of places, most of them in middle
latitudes. Comprehensive reports of the observations have been published
for Cambridge (Phillips, 19523 Briggs and Spencer, 1954) and Kjellor.
(Harang and Pederson, 1956). . Reports have also been published of observa-
tions made in France (Harnischmacher and Rawer, 1956), Washington
(Salzberg and Greenstone, 1951), Montreal and Ottgwa (Chapman, 1953),
and Brisbane (Burke and Jenkinson, 1957). Limited low latitude observa-
tions are also ‘available from Puerto Rico (Yerg, 1953) and Waltair (Rao
et al., 1956). Very few stations have published the results of the drift obser-
vations at higher frequencies and hence a comparison of the observations
on 4-0 Mc./s. has not been undertaken.

In general, all observers in middle latitudes report an eastward drift in
summer and a south-westward drift in winter. This is accompanied by a
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semi-diurnal variation of the direction of drift in a clockwise direction in the
course of the day on many months, notably in winter. For the tropical
stations, we do not possess sufficient data to evaluate the diurnal variation.
The day-time drift at Waltair showed a- seasonal variatiom, being towards
south-west in winter and towards south-east in fummer. The Ahmedabad
observations showed that in summer morunings, the directions were towards
. east or south-east, and in summer.evenings towards north-west; in winter;
they remained: north-west throughout the day. At hight, the direction of
drift was variable, the most common directions being towards north-west
or south-east. No clear semi-diurnal variation of drift could be established,
although there was a suggestion of it in some periods. 4

At most of the above places, the speeds. of drift generally lay in the range
40-80 m./s. Only at Puerto Rico, where the correlation method of analysis
was used in the claculations (Yers, 1956), low values of speed, between
0-30 m./s. were obtained for reflections on 7.6 Mc./s. Most stations have

recorded a wider distribution of speed in winter than in summer.

‘SUMMARY B

Results of observations of ionospheric drift carried out over a period
of 15 months at Ahmedabad on 26 Mc./s. and 4-0 Mc./s. by the spaced
aerial method are presented in this paper. The prevailing day-time drift
was towards north-west in autumn and winter. In summer, and to a less
marked degree in spring and autumn, the morning direction of drift was
towards east or south-cast. The evening direction was always towards
north-west. During the night hours, the direction of drift were more spread-
out, but the mosf frequent directions were still towards north-west and south-
ast. The speeds lay mostly in the range 40-100 m./s. and the mean speed
was larger in winter than in summer. The Ahmedabad results are compared
with those at other places. C
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APPENDIX 1

j
Summary of Observations of Jonospheric Drift made on 5 Me./s. at
: Ahmedabad during 1954

By N. G. NANDA*

Mr. Nanda’s measurements on jonospheric drift were .made on a:
frequency of 5 Mc.[s. at 0800, 1100, 1400 and 1700 howurs LS.T. ip the
months July to October 1954.. Reflections were cither from the F fegion
97 observations) or from B: (30 observations). The results are summaris-
ed in Figs. 14 and 15.. ‘ '

In the F region reflections, the drift in the summer months at 0800 hours
was mainly towards the east. At 1100 and 1400 houss, their directions were

(5M
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FiG. 14, Polar diagrams of drifts in the F region on 3 M. fs. during the period June-
Decen}ber 1954 (Mzr. N. G. Nanda). ‘

_* E:Xtracted from Mr. N. G. Nanda’s Thesis for the M.Sc: Degree of the Gujarat
University. —K.R.R.
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F1G. 15. Polar diagram of drifts in E; on 5Mc.fs. during the period July-
December 1954 (Mr. N. G. Nanda).

equally distributed between E and WSW and at 1700 hours it was mainly
towards west. The most frequently occurring speeds were in the raﬁge
60-80 m./s. and -the maximum and minimum speeds were 120 m/s. and
20 m/s. respectively. g

The E; observations were taken mainly in June and July 1954. The
prevailing direction was towards east with individual directions between
ENE and ESE. The usual speeds were around 50 m.[s. and the scatter in
speed distribution was greater for E; reflections, speeds up to 250 m./s.
_being sometimes recorded.
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APPENDIX 11
Monthly Mean Vectors of Drift and Their Standard Deviations
BY R. SETHURAMAN AND S. K. ALURKAR

The mean vectors Vy of the drift on 2:6 Mc./s. and their standard devia-
tions (o) were calculated for the various seasons. Since the number of obser-
vations was largest in the period 08 hours to 10 hours and in 17 and 18 hourg
representing morning and evening condltlons, the calculations were confined
to these hours,

The mean vector Vp—The N-S and E-W components of the individual
drift vectors were tabulated and their mean values for the two periods in
each season computed. The mean vector was determined by vertical addi-
tion of the components. In the months April to August, more than one pre-
vailing direction of drift was noticed and the data were therefore divided into
two groups, and the mean vectors corresponding to each of the principal
directions was found. In computmg the mean vector, a small number of
exceptionally large velocities” was discarded.

The standard vector deviation o is a measure of the dispersion of the
vector round the mean value. A circle drawn with the centre at the end
point of the mean vector, with radius o, will include 63%, of the observations.
It is defined as the square-root of the mean square of the modulus of the
vector deviations from the mean vector. If Vy is the mean vector, V the
individual vector and o

> > > .
V= V —_ VR: .'
T? » -
then, o = ~N :

It can be easily shown (H.M.S.0., 1953%) that

2 2
%=-Zl +VR

Thus by calculating the square of the modulus of the velocities and Vg, o can
be calculated. : R

* 4 Handbook af Staristical Methods: in Meteorology, H.M.S.0., Lordon, 1953,
v ' 103
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The constancy ‘g’ of the vector is defined by the equation g =
100 Vg/Vs, where Vi is the scalar mean of the drift velocity for the period
under consideration. When the drift takes jplace in the same direction
. throughout, Vi will be equal to V, and the constancy is 100. When it is
qually distributed in all directions with the same average speed, Vy is equal

to zero and ¢ is zero. Thus ¢ is a measure of the variability of the drift,

The computed values of these quantities along with the number of obser-
vations in each case (n) are given in Table I. The value of o is largestdin
-summer and least in winter. It is also larger in the morning than in the
evening hours in all seasons except summer.
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“Rates of Fading of Reflected
Pulses of Vertically Incident
Electromagnetic Waves at

Ahmedabad on 26 & 4.0 Mc/s.

R. SETHURAMAN ¢
Physical Research Laboratory, Ahmedabad v

ONOSPHERIC drift 1116'15111e1nents have

I been made at the Physu:al Research

Laboratory, Ahmedabad, since 1954
from fading records Obtamed with spaced
aerials!. The present note summarizes the
results of a study of the variations of the
fading periods of signals due to various
factors during the period October 1956 to
March 1958. -

The quantity studied is the average hdmg '
period in definite intervals. This is found
by counting the number of peaks in the
pattern over a given time and finding the
average interval between two peaks. A
wide range of fading periods, from one second
to over a minute, has been found. In some
instances, the peaks are so flat that no accu-
rate estimate of the period could be obtained.
Steady signals were treated as signals with
infinite fading period.

Diurnal variation of the fading period

The daily observations during the entire
period were grouped into four quarters of the
day, 00-06 hrs representing the pre-dawn
second half of the night, 06-12 hrs repre-
senting the first half of the day, 13-18 hrs

representing the second half of the day and
19-23 hrs representing the first half of the
night. The fading periods were grouped in

the ranges 0-5 sec., 6-10 sec., 11-15 sec., etc.

As it was difficult to determine periods greater
than 30 sec. with any accuracy, they were
broadly. grouped as 31-90 sec., 90-200 sec.,
>200 sec., and steady signals. It was
noticed that the normal fading periods for
vertically incident signals were 5-15 sec.
Fig. 1 gives the percentage occurrence of the
various fading periods in the different quar-
ters of the day. The fading periods were, in
general, greater in the afternoon than in the
morning hours. Very slow fading was some-
times observed in the nighttime. Quick
fading (less than 5 sec.) was least frequent
between 14 and 18 hrs and most frequent
during night. The occurrence of steady
signals was found to be a maximum around
sunset and a minimuin in the morning hours
after sunrise.

Seasonal variations in the fading period

The year was divided into four quarters,
corresponding roughly to the four seasons,
and the fading periods were arranged as for

50 SO 50 50

- 19-23 HRS LS.T. 00-05 HRS LS.T. 06-11 HRS 1S,T, 14-18 HRS 15.T,
4o (3os) | 40 (371) | 4© (506) (361}
ol 30} .

20|

PERCENTAGE OF
OCCURRENCE

o)

o

O 10 20 30 3j- >60
60

[e]
10 20 30 31- >60 o 10
60

20 30 3I- >60
60

FADING PERIOD IN SECONDS

(o]
¢]

[

20 30 31- >60
60

F16. 1 — DIURNAL VARIATION OF THE FADING PERIODS OF 2-6 Mc/s. REFLECTIONS
[Figures in parentheses indicate the total number of obsetvatlons]
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" the stuciy of the diurnal variations. No
- significant seasonal trends were observed in
the fading periods. ‘

Fading periods and geomagnetic activity

Many workers have reported a dependence
of the fading period of F, reflections on geo-
magnetic activity, It was’ desired to find
whether any relationship existed for reflec-

tions on 2:6 and 4-0 Mc/s. at Ahmedabad.

In Tig: 2, the mean fading periods for day and
night are plotted against the value of the
index for geomagnetic activity, Cp, for the
corresponding day. It will be seen that, in
general, there is an increase of the fading
period with geomagnetic activity. The sen-
sitivity of the E and I¥ layers to geomagnetic
activity, as determined by the slope of the
line joining the medians of fading periods for
various values of C,, shown by thick lines
in Fig. 2, is not the same. The maximum
effect is seen in the reflection of 26 Mc/s.
signals during 19-05 hrs (nighttime F, layer),
while . reflections from the daytime E layer
are least affected. The scatter of ‘points is
also larger for the IF layer reflections than
for the K layer reflections. Various workers®5
in the middle latitudes have reported a
dependence of the fluctuation amplitude of
scintillations of radio-star with geomagnetic
activity. Millman?, working on 75 kcfs.,
got fading periods up to 8 min. and found
that rapid fading was associated with large
values of C,.. p

Noclearrelationship has been found between
the fading period and the sunspot number.

Fading period and spread IF — A very close
relationship is found to exist between the
fading period and the amount of spread T
present in the p’~f records at about the same
time. = p’-f records are normally taken hourly
at Ahmedabad with an automatic jono-
spheric recorder. These records, however,
are timed at full hours corresponding. to
75° EMT, while the drift observations are
timed at full hours corresponding to Indian
Standard Time. There is a difference of half
an hour between the two records. Records
corresponding to the same mominal hours
were compared.

The ionospheric p’-f records are grouped
into four classes, depending on’ the amount
of spread present. Table 1 gives the classi-
fication adopted for the purpose.

This classification is similar to the one
adopted by Wright et al5 and Briggs® and
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FiG. 2 — FaApING PERIOD OF PULSE REFLECTIONS
AND GEOMAGNETIC ACTIVITY

TABLE 1— CLASSIFICATION OF p'-f RECORDS

F-sCATTER
INDEX

0

11

IIx

NATURE oF F-SCATTER

No spread observed

A slight amount of spread is present, and
the ordinary and extraordinary critical
frequencies can be distinguished

The spread is so much that the ordinary
and the extraordinary critical frequencics
cannot be accurately estimated

Complete spread T,
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|’ mNDEX I
| 0500 HRS
% 7-1-87

INDEX -IT.-
GAOO- HRS .
22-6:57

IRDEX T
0800 HRS |
5°12-57

Fig. 3 — INDEX NUMBERS OF F,-SCATTER WITH
SAMPLE IONOGRAMS

others. Typicut p’-f récords to illustrate the
classification are shown in Fig. 3. No doubt-
the amount of spread F present depends on
the sensitivity of the receiver also, but the’
Jatter was maintained reasonably constant
throughout the period. '

The fading periods of pulse reflections,
when each of these kinds of spread were pre-
sent, were analysed. Fig. 4 gives the histo-
grams of fading periods for the various in-
dices of spread F,. The mean values of the
fading periods for each of these indices are
also given in the diagrams. It will be seen
that during periods of large spread (index
ITI), the fading was most rapid (0-5 sec.).
During periods of complete spread, the
rapidity of fading was as much as 1 per sec.
Under such conditions, it was difficult to
select any particular echo for study with the
finite resolution of the gate of the equipment.
The records from the three spaced aerials
under such conditions show no correlation
among -themselves and are useless for drift
analysis. These indicate that under -condi-
tions represented by large spread F, intense
short period turbulence is present in the
ionosphere. In general, fading period de-
creases with the amount of spread present in
the records. )

An attempt was made to study the relation-
ship between the speed of drift and the fading
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SETHURAMAN: RATES OF FADING OF ELECTROMAGNETIC WAVES

1. Harang and Pederson’ and others
reported decreased fading periods with
ising speeds. No such clear relation-
would be found from the observations at
«dabad. There was also no relationship
en the fading period and the height of
don, L .
1ary
1e of the characteristics of the fading
| of vertically incident pulse signals
5 and 4-0 Mc/s. are reported. It is
that rapid. fading, with periods below
occurs mostly during the night hours.
lear ‘seasonal changes are evident.
wding periods are found to show some
dence on magnetic activity, low values
>eing generally associated with quicker
The nighttime F, layer is found
sensitive to changes in magnetic acti-
the daytime E layer does not show
warked effect. The fading periods of
7y reflections have a.marked correlation
e amount of spread I’ present in the

P’-f records, large amounts of spread being
associated with quicker fading.’ No relation-
ship between fading period and the speed of
drift or the height of reflection was noticed.

Acknowledgement

The author is deeply grateful to Prof. K. R.
Ramanathan for suggesting the analysis
and guiding the work.
Dr U. D. Desai for his interest in the work.
The scheme is in receipt of financial assistance
from the Council ofScientific & Industrial
Research, New Delhi.

References

1. SETHURAMAN R., Proc. Indian Acad. Sci,, 48
(1958), 86. -

. Daae, M., J. atinos. terr. Phys., 10 (1957), 194.

. Hewisw, A., Proc. voy. Soc., 214A (1952), 494.

. Mitimaw, G. H., Sci. Rep. ionos. Res. Lab.
Pennsyl. St. Univ., No. 37, 1953.

. WRIGHT, R. W., KOSTER, J.R. & SKINNER, N. J,,
J. atwos. terr. Phys., 8 (1956), 340.

- Brices, B. H., J. atmos. lerr. Phys., 12 (1957),
34.. .

. HarRANG & PEDERSON.

BN

~ [=} oo

He is thankful to







LI
Yo Ubservations of ionospheric drift hovo Leen
wade an & nusber of gga;;ﬁbémw by the spaced pocolver nethods
Tho s"&gngﬁ diveetly below the U reglon of tho iloncuphere
hut Glev beon studied Ly motoor methods. Toe ouject of
thls chupter is to coppave the resulis obbolucd ab
Ahuedebad with sindlor posults obtolned ab other places
and study & ﬁm«:ﬁ:;mwi faatureg. |
2o There sre & fow juportont considerations widoh
siowid e borme in miod when attempting a compsrison of
the ropulie obtalned at the differens pleces. 5o far
ag Ghe & reglon is eoncerned, most of the statdons have
anployed the epuaved acrlial mechod with closely spoced
racedvers. - Thope operate on o feeguancy of 2 = 266G Jefu.
Cbwrdng Ghe day thoe Dobweon G700 and 1700 howrs when tho

&; i&}vﬁaﬁ ﬂ.fﬁ i},ﬁiﬁgzgﬁﬂg ? L E’ﬁgﬁ.aﬁi«igﬂﬁ %Zﬁ%&ﬁ },Jlﬁlﬁ.’:ﬁ ks “ﬂ@ﬁ«ﬁ ’:} ztﬁi:ﬁa “
' |

vhe abmedabad results durdng bho day tdoe cen Lo dirgetly
conpared with plniiar daye-tioe roesulis cloowiorv.

Ubservations tokon ob B Lo 2.0 M@fo. dupring the ndohtebing
[

Whe pange of werkusion of the kevel of s s jrovter Shen



that of O but dos devel ds varely worce bhun 130 km.  Tho

s

&I

!—m’

helght of vhe ¥ layer is bowever very different

b

thait of the & layer. For exanple, ab xﬁ.muamuz Bl
éﬂiwhﬁ, of the b dayer viried frowm 500 to 180 ko durdng
vhe day, wilie hYY at night varled fvem 210 bx o 350 ka

i 193¢ deponding on tho bour of the olaght ond Lo monbite

There s Metle sfopificence in findiug o £l&ié§”$.&;~ op
peniddurnal wave by combining tha 2.6 *ﬂf o drifbs durdng
the day and rz.ﬂ & iu ono proap.  Sost of tho pightebineg
observatdons iﬁ"& Abmedabad were sada on tho § 1 yor and
it de better bo treab the dayebine mu niphb=tine deifos

peparately .

Je A% ke Bnown from the meteor cusorvabions
{Ureonnow, 935, ulford, 1959 vhat bebween 40 and 100 b
Ghie wing velovdkiy vavies with beight. Sioultaneous |
m%mﬁi;wamwﬁ on twe Deequoncies noby goch othor, waleh
wops mede by Jones (1957} cab Gamtpldee and LUy the author
av ahmedabad on & few days durdng the winber of 1950«59
BEYO shiown m-;%g a smald alffey nce in speed betwan bhe
drifes obbeined with the two froguencles when they are
well below the eritical frequency of the doyer. Howowor,
as vhe exploring dreguangy mywmcﬁsmm ma,r gritical
irequency of the layer and roeflections bebe ploco Lrom

8 &
'+

hdghor feyor, 40 wouldd be dADDIouls to say wileh of bhesa

m-\—

twe dayors is regponglble for the foadkng pattern, sinoe

e wave would e presuneily alfested by bobh of thove

Thds guestion wes exantned by Dookor (1955) woo coneluded



T

Lhet the m@w Lo puperd *:;:: ged 8t the a:wwi, b whleh

Lo

logal wave lengih iz six or soven times b ﬁ Lree pRuco

waye longtihs  This would sean Shat the devopularitiss

ghose metions are studied sre slioased I a g’u;wm

within & Few poreent of the leyed of crivical xellaetlons.

! '

Auflestiony obbained with 4 wofs durdng ﬁr.. ety A
wouid e affected by bhe B layer.  adhough the acbual

mff';ﬁ,&'s%mﬁm oy Lo fron B w 7 layer, the double po

pliroush s.mu & layor would soriously affect the fabengity

off vho refloghed wave. The gubhor %cﬁ wor IV of this

-

thenis) ook nuoresinultancous sbservetiong {withln three

minubes of ool Obhwr) on deU Myys und kel Sl e dubing

say-time on oany duys dn 195788, Lellact ,mm §aliss
sbiained fyom L @ ﬁm Mefs and from ¢ oon SeU Jofue TB

.:'F

wag Found kbt on many cccasions, the divestiong of dwilty

vubained with *;;?:r;z%m tun fpequonelon were Lhe olad, Ghough

the spoods showed conside mm dgifforencog. This mi

sont Gue 5o the faot s 4.0 defo belan neoper

U o . ST . T S iy ks T W T M WU VORI VR Top e 3
eritical [rogueney of Gho 3 Jayer, dhe waves ods posped

&

gudfuped deviotdve ouporpiion. Voo drilus

mmrm,ﬁ s Sein Agfs would velur o the lowep o luyorg

R QT o ¥ # & L 'é'w wikrar sy o ey A Wy gty
wirkdo those o b o digf s woudd be ol uww& Dy Dobbh Shw

RV : F dayer o »»uw wod by Bho asin part of

N R T
Gs 2 AATOE e

o wihgervatlons made ab shmodabad dhurd o Ghe whut *w

PR B,
“"L:?v*«l ‘t;.xa:"a&i»

&iﬁ,} &lj&;ﬁ(} ‘l‘:}

# T e
14 “L{LX’ ‘::v L;Aiﬁ t'

O ey days & pepld shenge ol arife took plece i tau




Bopr am grd ehal bhe R variod from

R A S i , B v iy B an
duy Lo iﬁ.iizi;;,’ & diey .:4:?-:»‘%3%&3:25&, whiME Ihs Qﬁ@ﬁ* iaig) .*'2 "fﬁ‘m by Bl w&zx&
L . S I T . B gt P R A I I .x.n

o obgeryations on b and by oehors ab Blellew. soy "hore
] & o 1% o PR S b
io o ondden change in $hd Sivestion of GUIE el QESUDOTIOOD

4 B, o ¥ QSu' 5 G SR E e gsae e e o 4
i she aﬂﬁ?%m:ém st A bhe altomson o aboub fho po

N 4

whnen i oprdsicsl :.me:;i wney of She norasl © 1 %«.ﬂw SPOgaes
ﬁ@mdyﬁwﬁ*gmng&WW&i

Vi Sest drequency, .0 Jefut.
ﬁ%a-:i;fe* winds Ao of croad dmportones before Garyang Lo ghady

i f;‘:vy‘ hesmonic analyele.

b A% & Wroplesl stavion ik alwodaboad,

sunspot yoors 1957 and 1958 we beve found AAfficulsy

Of heavy dagebing mwm»iﬁm round soon hours. It has

nob been popsiblo with the brangpditer power

availetde o obtadn obasrvetiong more or loaw el fogmly

£

Latrivuted rousd the ologks

G - devhods ke those of, Findlay (1953) ewployivg

T PR UL LT W M. FL SR T T
aol seantor oohoes Olerk angd

Chtges I phose path,
Poteraon, 1956) or the study of soviuents of Ls pahohes
ouer widedy separated stetions [Cerson, 198 wileh have
H480 Luen used for cetlmating deilts dn the o rodon A6
Dok provide ug wish dats whioh can be ,,m;:zzp:;mm’é alroeily

with Shoge obLal mw; @t fhmedabad ang bhive aon boon

ponsdoerad o the ;;:'w:a.ﬁ,wm;;; Seehiong e

V "ln

o Uhese Wfiiouliden snd alew the paueicy of daba

Ovir whide reclons of varth are mandicups in Sorsin: a

LR

3

gRlureal plotues ol Lhe ardis chrenlasion dn bihw



ionogyhepe even in o Iluived hedpht ranis.
To whgervasions of louospherle drifts Ly the clogely
spaced rocelver method over sofficiently long pordods of

e availollde foe o

tite o enable s proper comperigon
Pew staldons ab the prosent ting. In marhiauéuw data

ere aveldable Lo Gasorddge UP50-521 {Lrdage & Sponcer,

sy

'wmé/éa Hjedler (VO63-55) (dopeng and | mwmwm 19567,

in bederanny (Garalsehinethor angd Lawer,

dend=iriauach

9971 wnd Yaeblrpbon (Salsbery sad »x&*uméﬁm DL *@@fﬁﬂ in

ok

2 S

R

whe oiddle lativudes of the nortbern hemisphore snd
ag ;’} ot

R JER darimen 0 Y M ivsedeer  sened T ied enments WEIEEY L @ o mulnue
ppdebane 11998~50) Uurke and Jenkiusdi, 1957) in the

soulherl aemsephora.  dhe shoedstod work (195050 has
provides soie upeliul dote for the trophos. Liodied
angunt of dats also zmw for faltelr (oo 6b al, 1955)

arch Fuerto Bioo (Yors, 1955). Data {vom meteor ouservabions

Gnint for ﬁﬁmzxwabar awrauuaaw, 1955 ), sdelelde idumlwy,
1955 g uimwfig 12591 and Stanford (Monndng o ol, 1951).
They refer to helghte Lower bhan 05 ko oeod are pacticulavky
valugble for forming an ddea of the chengen of wind with

Ledeht fo the 0 reslon and Giny amamhwmi variationsg. -

Pl i 38 o] % i " oo gy 85w 3 N S o o
g wou Toblowing ave sone of Cos omedn Ceaburos of

whivd dpddte In bl lonospoera.

td skl the gtaslons peport moan spoads of
Lm0 e and the wr::w:wf*ﬂ“ iy dorger doo wlasoey thon dn
SOIMNOT s LOPoor anounts r:.v* apresd dn the vaduos of spood

e gerved o wir zﬂ';rwz at most of The sLationg.



o o

' fiay  The meiw valoen of %;;sx‘a,ea gonal ooumponnnt of
A,

bbe deddt ehows some dedindte ;,,.wuuw%s it 4:.?5.,1 GhabLone «

@ monbhly mean valugs of the uemz:i m;:“:gmm‘w g of the

T ;h nodabog and bower st {Sow ) e;rulum iopre

Gurift ab xmmx A vorious sounie Pop Doanoed

g} “3 ,

§ »dmzm

£ g

o0 AHMEDABAD o CAMBRIDGE i o KJELLER ¥

TILOWER HUTT

. [SI5N
NNESRN P

A BRISBANE! S

3 pontd composents of wind ab
RR0R . |

)

A

avabdidole or driebene, Lo seasonad valon, obbadned f??i Qi
pubdlehed ourvgy of bl componens af GRLTE e ,Ekﬁ:ﬁ%‘;i{em‘;i in
Loe game diaspar. It will be nobiond thab Ancamy plvon
wonbn bhe noeon zenad ﬂngm wint benaven n onposlie we @;;
in uhe two bomlophere. La the sunmoy mr?}sh,gjwm s AL 30

sambuord and 1n $he winter hemlephers, woshwarde This

viour s mope oth 30 eldewdnter aod oldeBunmnor e

A uetelits

; 4 " P .
. \ o |

PG WhE WESUeE Gl bhe doyebloo donsaphoerie dedin

3

e

veloclidey lopoed ﬁa‘;&m&*{-m:ﬁimm o G Copuin gaed

eYelEngy are plobtea for the @ifCerent stutions Lfop wintoey



KV

%

hetie

; L:E,um‘w jeliss

Ll B

lativudes

: NORTHERN SUMMER
e ) . DAY TIME E

m Jr&l’i\‘ ﬁt‘i{}& A5

A &..\‘31,3,%,: % o i,\z‘f J,f:;‘i 11

v\ ¥

deift

Y " MORNING
oK
AL
) W, ~the
Ty
I A
20— PR oo jn
ObetL 1 I 1 YN DT B T N L L [
[Pw80 40 |0 40 BO (20%| [°w8Cc 40 5 40 80 120°€ |
20|- 20
W, 8
B B8 -
40|~ ~ja0
S S
s - ,
NORTHERN WINTER
¥ bAv-TIME € ,
MORNING" EVENING
o i O
N K N
L Je0
o e »ch.‘_m ]
ol ) KB w, - e Jao
~L " A “m e )
A%/ 20
204 N R W, |
O_ R NS VR S | L_IVI.J__CJ_. T [T B | L 10 y
i w80 40 |0 40 80 120° W80 a0 |0 a0 80 120° /
| : i FYo)
2 { .
20 Wo WO
" B 8
40|~ -
-}
I Y‘S 5 B
: —r = 1O — . 50mfs
"A- AHMEDABAD B - BRISBANE C -CAMBRIDGE K-KJELLER
N
NR-WFIIF RRISACH PR -PUFRTO RICO  W,-WASHINGTON

i
i

- rilts dn the o Loy
Cdn sumaer ool winboere

W.- WALTAIR.

sr ol donosplere

& -'. gy ok B fepn o de e 5 A gery A0 i Y i AR peptt ool
i dng b daye-tdoe wxl bhe data are % x;gl*"’ shodns Al vi.dad
2y o LT Phgaan gk T L3 W . ’
ante moyadag and evendng bours.  bue b thwe A *weﬂ BESARTY
W et st A " ToE mird e g B s ol
% b ﬁ?ﬂ(wi}.ﬂ" i b ;u-'fu’a‘iu’v \,J}a fn»i}tln A ‘é,d ‘iwk-‘- ﬁ{}’ id "43%‘«!} m&.‘a i‘ld Na ‘;rw«iwfw u‘::’
sm e B B R ~§ ‘:'i‘:kv—‘:h‘: 4 e u¢> . o s oy & 7 d%
Bl G LOuesura o ekoneg vl G BV Sl WG LY e
M e S a7 i 3 % iy R A T Y P R ] “-34"" 4 G s
L RCC I A P ATYH AR AT S wl*a‘v}’ DG e am»} } WECLE A Goaait  RASIEE Aot o o bdn b
YT ] opapnay  ayat R A S . I
\-w ’Kylrf.w u‘ Ms-‘ m I;\"f”\lél ‘»-él-vi‘ v‘-'-'xkn» %‘fw‘aﬁ "w.i,.b *-'4:-3« g JH#\(\M »ﬁng{-r

o

e R gl Lhw

Lhon hewards

PG e

1 Lhe dedds

4
WW;L




Add whilo the dayetlus chunges of driit
I3 T B

dlrections vake place gredusily in pdddle letitude

stabiong, they are abwupb ab Himedabads
}

e} Is sumser, the wind deifts are gonerglly
Lowards bhe cast throughowt the day Ln sdddle .ﬁmiwmﬁ,
and in oo moendngs ondy Ao the dow ;‘ia@;;%m;&;;i%&a‘w o the
ovenings north-nesbuard winds are MOPe COMIOR ab Hmedabad.
in winter, bthe deifcs are mﬁiiﬁlm&%@g with a ﬁ%i’:‘ﬂﬁf}gﬁ, BOULIm
W m:ﬁﬂwﬁrwm &8 bhe mopninge and norbiserd conponent
o the afterneons. o Row levitudes, the provalling
movement is bowsrd the wesht OF north=west bhroushoul the

4'”‘1_, 1§ Ef- o

Tl drilte io the P daver duedne nhob A% e

already been mentioned Lhat the nighb-tlng ousaronents
b mma‘iﬁ*%& wﬁ?@r to thoe F layer and shoudd sheprelore
e oohipared wich F layey dave elswwhere. L' undorgoos
mueh Jarger dally and seasodol vaviatiens thon L.

Vardobion wibh latditude do alpo greabore

The rapid ebange in the divection of dellt whieh
s w&wﬁmﬁ to bake place ab abmedabad within an bour op
Lo alber swariow wod befors sunset mﬁ@fw&i'mm@mbﬁmﬁ&y g
G oonange o he bolght of reflection. 6 do interestiog
W Boke Lhet Where du s wery Mares gbhange, Ao the weon
ppecds of drift botwean dhy andd nlpbty adbhoush sl

seatter of values S8 lavoer wlih the hichor loval oohous.e

dhe date oubedued ab Gaabeldge ghow Ghast the




ig awinly wsobuwdrd with oo

¥ lwycx *ffhii«

3-

added southward conpununt duerd

7

g st ol the yeosr ond

& norbieard cowpsoent b owstor. Ao goobeoet Lo Shla, the

& nloutetdme drdft ab sbnddabad dn the F lay w* is
prdmardly bowards & S0 Ob nd wmmuariw Lowerds s in

Call she boupong @3&%;@%& PG, A SUIRE Lz:nwwmngﬂﬁ

flow lg ap GO 98 mm“* arg fiow. In the soubis
noasdepiore the pesmurenenty of Jurke and Jenkingon show

phat bhe moun cessonal Foloyer nightetime deilts ovep

y ot

Spisboue sre bo the nopth in a1l sossons and vo the

want In all sgssons GEOORT SUTRET. Jm iy bhoe penopal

webdan drddt Is tov m&m e An susmer only, the

Grify in bhe £ivet hald mm shae nhobt chon ﬁ%} w0 Hprhie

AASLORE OF BOrhieeweabiird.

4t a lower labitude, over Sydney (Hunro, 1950
bhe deddte I &{ﬂwﬁ&é b e maialy %u;szw*m she aspd with
& oLrons northward CERADONGRY In southern winter ma:i

auturg, and southwad eosponent ko soushors sprdng, and

3

i woth hendopheres, 30 bhuo appears Lot tho

prevedilng drift de bowmards bho west o elddle Asbituden,

widic i Lo cowards Gho sosd dn tropleed laetitudes. Hove

Cgata e pegulred for an adoguotoe xmwmmi




I
réﬂﬂ&ﬁ&*, J?aw #
e
ufﬁz’iﬁﬁ, ek '3
Jﬁ*’lfﬁ.&uﬁw LY ielie

Glori, L. &l
FELOTRON, Skl s

LBiford, Wilie
Fludbayy delie

ds.f" .ﬂn}’?ma i aby o

=

Grewhow, Jele

mw Wkl frw ) *{a\ﬂlﬁ
i ﬁﬁiﬁ?ﬂﬁ"&.* fa _

!
daynisciaeehor, be
MM.S i%&‘ﬁ‘“x‘; i%#

VNI el aide
’%ﬂlﬁl‘-mﬂ. L- £ ~f§~i Qﬁw’ﬁ: £

& .}um;%,u.i {,» ’ A
:L 3.3 N‘«'x (9] % fihﬂ;‘i “»

sy oM G
SR

m%&"ﬂ ¥ W osile

‘;-;«43’»’;’3 Haﬁrm, .
Lui“mlx,; g ~oalie

%_a&m\u&\,, e alie Fetatd
B et W0, e

- oy M
Lefly aelia

50

Hh0

1956

JOUL o ilﬂ&m{d %

JOUE

A e Terr. ""J.aﬁbvy :é‘;, 1% I

Az

w:fﬁi# o 8, BLG.,

Bupe Proge. |
Mh‘:ﬁaﬁ"t gﬁﬁt“.&k“g Fhysey 1L 10, 378.

Htﬁ%i&ﬁ’\} g; T‘nﬁb 2 fggﬁ;‘f # o,

Eﬁlﬁﬂ?‘ﬁiﬁ o g dﬁﬁ gt 2;2& SR ¥ ig ‘;}x‘%&'
i‘&r‘i‘ - %E\N&j #x ;%3 i 3 w

i a T o = Ly ¥1
dOure Aatey i, e

Fiidde Hage, {Curs G), 1, 1157,

Geophyse Fubli.

" ;'“t

Wﬂ '»-49 *‘xﬂ@ﬁﬁ ! *«w‘ﬁg f y Wrda e

anneln of 1.5 .Y. Vole 133 g aalle

w O sty 95 ] ¥ s
Jougs atiose Torvs Fhyse, 12, GO
iy s n’k Lyeym
Proce beiiele 8 :é. = 7 5

i " A . -: o amy P TR ST
VEDCe Q¥ w 3G ey 5,‘.&2&3{55 FaIni

Fae e Inde Hope, 344, 75

*.;C}U.&‘p 41 g}a G383 o a*&'{‘»jg iﬁ*:ﬁ L

9 R b g o e gvy T gt - gt Lz W o Y v”,'v
JOure AbuioBe TOF e Fiyiey S 247



Y
4

mm isotropie mmsmd wmwm wniuh ehanses as 4v
' mwaa kmm fouy velocitias mmgs £% ot al, 'ﬁﬁ»%&ﬁh (48 %
Fading veloeity i« This ia m:a ratlo of 'ﬁ-“aﬁ spaee del f'z,

Lo the time drife mmmaw o produce a:aem:;l ghangas dn
the auplitude of the g:muez*s; lete Vo' » Hofbg, whors MM
o satligfy the ewz&eﬁmiﬁm P gy G) = PLG, tp)e (2) The
deift veloelty t~ Thig is the veloelty with wiloh bhe

obgerver must tegvel ln opder thot he observes the slowest
ponsible fading rave, dus osnly o she intoepnal raudon
veloeities of the elowd iugelf,  This means bhat 1f he
compares hiz algnale ab tlmes ty apart ol oovers Ghe
distange g with such 4 veloolty ¥ %:sz, et (& byl 15 2

maximun, ¥ = §°;’ e {3} The chavacteristic veleeity Ve i-

e _
“his ip vhe veloelty whieh will, found by an observer moving

T 1
with the veloalty V defined sbove., This neasures Hhe

randets movananbs in the amd Py ‘s'%im# Yo hhlsg obgerver
sped.ce

the ratlo m’f the %&aa 8hift %o dhe tlme shift za,aw;m& L

produce & similar change in azesz;.w.m\%mﬂi@ g Voo x/« g ()

The apparent delft veloelty V' e 18 we exanine the fading

recoxds of receivers separated by Em we Tind that the

maxinum gorroelation o i‘mm for s cevbaln tinme shift 'i.g;w
’,éi'izs.@ apparant veloeley ‘v" Lo dafined ,.;.*s“'sﬂf e AL o px and
T oy ere the time shilve for moximue gorvelatien Lop She two
Csete of aeriels,and a and by the two seporations, we @il
Vgt ® aft gx and Wyt = by Cpyr Lrom widab the sppavent drlfy

apead and directlo could be found.

Frow the ecorrelation conflleionts debopadied by



\\. «.mﬂﬁh

foymulas (12) snd (13) we can deternine tie time ' to
obtain the same erosu=correlavion goefilveients between
any wwo aerdals an ls obtalmd for Gha a'zi_.w vorrelation

@u@a lefent with & time lag ¢ o  Brigge et al show that
. ” L o
.twi - {Eg;’f - ;s%\i% f‘{t Y e {14)

Thus, by plottdng V:c* i - mﬁ mpalast ¢ and prawing whe T
sbraipht i;irzg%ﬁixmmw Sbha values of ¥V, and Yot oan be
obtained from the iotercopts on Lhe Hwoe axos, :&%ﬁi‘iﬁ.l&if

curve for the ‘tiéﬁ'zw LW guty, v*‘y mxi Yot gan be &%ﬁkm&m s

Thus, ¥V and Vo' gan be caloulabed. We slge have

R A S T3
- Vat™ = Yo + ¥ S : {15}

from whilch Vo ean Lo éi%}%.e;;;ﬁ;*:z@sdp

mia aubhors asowne bBhat tWhe o mwwa @ mw%mw
correl uum are olilpsolida, Wille &,hia 1a pogsibly 80
for epell v&lu«aw of sepsration and time shifts, 4% may nob

be so for laveer valves of thews quanbltiss.

Xer:ts method (1955) 1= dhis method, eslled by
ite author w8 bLhe six-podnt correlatlon mebbed fo a
| gloplidicasion ol tha _;a{,.rsi;wf}.xamz;a ety A0 She opigdoe ?.
mothod of Driggs ot al, a levse nunber of wrrvzz:ﬂ abLon
conffiolents have o bo detopsiaed thereby saking the
ealoulationg mag laboriovas  Thic meblod, on bhe oblop
hand, requires Ghe ovaluation of only ais eorrolation
goefficients and bhus shoerbena the anplysis considurablys.

,uumaic'm {13}, iwi‘t AhGE B LI089-00 w;smmic;m wue:affi»im
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wan be exphnded by Taylorts Sheoren as follows
Co '

“ iy o . ’}

P‘g'{?, LA RS K Al 5 1 2 A
fgﬁ%m& the othor wwma carl be neglested when the quantiblesn
involved mre snall. Iih the complebe two dimenvionsl case,

té& obtaln similaxly

(B i Moy ) = ¢ = “g ‘3 4 ﬁf«\f 4 sszz-i'g;c AT 28,
‘ {16
e have to ovalunte the values of 4, By ©p W, M and o from
grporivented dava Lor o conplats an mjﬁiiiiq 18 ong roeeivar
is ov the ordgin iﬁﬁ,iﬁ%} end anubher ab {0y %o, the value
of ei‘g 52,07 can be eas g gmlaum&mi by gumparing Lwo
veeords wish zerd $ime fie\ii..ﬁ;u We aloo get on substitugion
in {(16)
PUE caita0) = 1 4 47

PQ§Q,U,¥3§W}
M;ﬂ» ‘

]
. g 8 =

(17)

simllarly we obbaln

P, T jmed : -
e (19

Fm%,, Gt) 1
% _

&

and o Lo

Ak AL can Lo peen bthad
1 P (% ey 9 ’TL;MP{‘E y e PO,0,C)
28, T

o=

Ly
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J *Pe:sm oy LE )= Pi»},‘%,ué £19,0,70 213
2Me T R

r
R N

zuﬁ W e ‘3 - F{E {M@q gp{};*‘*ﬁi\gg,’ﬁ ’s}}’“ iugfn&*w} igzi
2€aMe

We have thus to svaluste only

P (%o 0, 01y PLOMGe 0y PLO, O, )
Fi%i;? Uy ’d‘}s Féwa Wﬂﬁg Ty o PL ‘gm ng;‘,.ﬁ »ifﬁ}

for the detepuinatlion of all the con abanbs,  Terg, by

sasuning the peneral s:shi;umm mgmﬁfimﬂ f%mgﬂ?my Wit

the assumpbion reparding Laotrony ﬁﬁé #how

(23)

a»gx

" - «92"1‘{{3 % 4,:4%} d ‘.,V i;g{"}

) ¥, =
Y e ae
g Yot = Bl1 =~ an” 9} (25)

P tﬂn‘“ 8 + 2 van @

The value of T/ is chosen arbitrarily in the sbove y
annalysio and no eriterion exists for the selection of its
velue, The values of ¥y and Yy and Ve 40 peneral depend
uoen the value of T, chosen,  In opder :.xz,,,ﬁ; the rosulits
may agres with Lhops obbained by ir:u :eat; ey g, whould,
however be ¢hogen 9o that tho assusptlon of gnlgotyopy in

thelr treatment s Justifled, Whie iz voosible only if “C



P

is sueh }". Kat 1% s wlt 'ﬁwi ﬁ%m %w;i*‘wur Emmim;\ ol Lhe

curve of Twve (¢C =4, g
in the ﬁ“ﬁf&lwmgg, soctions, btwo recowis are chosea
and analysed by all the above methods ne exemples,

records chosen for the analysls are oise reproducod.

1=8.1958, 0430,

tima iislihwmim wore deternined. aad &»m&; wore used Lo
caloulate the values of the appoarant Gonpotont velveltios,
The magnitude wid -ii‘:awa:;zt;&mz of the dplit weve determined by
uslag 'f@)l‘*ﬁfﬁli.&& ;u;smz- *é”,i mth m; help o0 the m;xmg;;wma%;
mlyen 4n wezt.,sxm"a: oan {1953, Phe vealues obtalued ave 20 1y

and 115%,

(2} Dlkter!s method i~ The velocities

corresponding to each get o L otdoe shifes are palowlaboed

wﬁh Llie i”zwlr@ m:\mm snd {(5).  Theoe veloeitios

i:ti":}.;ggg f;%aa} & elrels iw

Al et oy

Gl eydodn Lo deowe and e wvalue
glvos tha magaloede and ddreotion of Ghe 4.45{, LiGe  Whe valusae

obtalned are V » 17 mjy and 8 » 1248,

The inddvidusl viwe sbiits are slsp plobted in
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PUTTER'S METHODS T
N T
Yy YL,
|-20 o
u
>3 s L v
}-tO
1 1 1 [} E L 1 I- 1
20 o v, -5 3gC.
L o 'X L
° 10 L o
L0 °
p 3 3
T s ]
SRS 0:=120° V=19 M[s-
' LIAY 1958 0830

Pige 5 = Plsberta mml@ and atralght
: line ehﬂggs aeg fop xiammmim
AR A za;mam and dirogtio:

f16h Moy, 1958, 0030, 2.6 Hofs.
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Hige Sbe A stralght 1ine is deawn through thave ;éumm
and g perpendicular is ﬁ?&ﬁﬂ from the wﬁ,g;z‘ to thig ling.
its divection (B e Wfﬁi gives bhe diyoction of the ﬁwﬁﬁ&
and the Langht of i;;%m E'sfmwnuw gives the valug of b

The nagnitude of m@ dyd fo Lo obbdd ned by dividing the
smgae;@l%mm botwean the serdals by €.  The magnitude of the
drife obbaloed by this methed Ls 19 mfot -

shing te O The

sl Ddiipe and

mm«awmlamm purven fop aﬁsa vhrad mnmmm ;{‘mm Lhe

cegntral, west and north a@x‘m}kg ave plovted in Fiste Omile
The erosg-corrolatdon mww@a bammmr thie gentral and west
and the central and north mx*iam for vepious values of
time differenges, both poslitive and negabive, ave glven

in Pige G=B, From those two soete of :::Mvw, the valne of
 the vime differcnce on the aubo-gorrelatlon curve ' Hb
give a correlation egual to that for a tive difieronce of
T on tha nmmawﬁwmhmwﬁ ourve i determired for both
aets of aevialey for verious values of v, Plovas of Ut-*
Ve T ars %s;r;‘iawn. in Flge 6-0. Soguatdon {(14) vis

L R : ‘ s "
T -7 = kg:?:_‘;lyl QE o &5
_ . s (14)
gan bo rosgranged og
o R = {26}
Vé"‘- . 2. Ve ? o

whieh Aundicates thab the plot would be a stealght Ling,
I xt and y' be the interceptp of t. :M Ling din ‘tbﬁa X z*ix:%
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ares m&gmﬁ.wmys_ 1t pan be esslly sesn Whab
Vg ™ \%giﬁj‘:aw | S {27}
. ‘
Ihe vmu% of Vo' and Vy can thus be celeulsted.
wim:tismlf from the obhar Gurve vy and Vu ' con be
saloulated, Whe aohtal value of Hhe drigs’ oy ms& gradd

direction and the megn value of Vo' con be t:nﬁmhwa#
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The actusl random yolocity Vy in glven by }5&, SR AR
" %he values of these cgsaaﬁtiﬁﬁ.w evm; ned by vhis method
are givea in Teble 1.

}

gpats method $= A5 mentionnd previously, Lo b

method lwwiwm the gomputation of only six gorrelabion
poafficlonts, Thpes of then are Sised, vise {’ f‘go#£§§§}39,
P o0y Mgl andPl o, o001 wnd theoo snvolve the eholce
of an a;w*bmx’aw time lag T vime {00, T, P{gl; T
and ¢ {f;?s‘mf},,w}q i¥ too lavge a volus of g io chovel,
phe offects of safsotropy of the pattern would be lerge
and the peselts would oot agres ﬁeﬁb% those obtained by
the other Methods, In order Lhab ﬁ%ﬁﬁﬁ @i‘;’“i‘ﬁ, oha may net Lo
large, the bHime lag tx%m*’ﬁﬁm shauld be ssz.«s:*s deiently snall
80 that the poiat h@%x‘&%&yﬁmﬂ&mm %o it on the T-T v X
plot lies in the linour poptlon,  In the uoupubabion shown
below a pime lag of vhree seconds lg ¢hooor. The velues
of the correlation oweifficlents ave |
S
P L€ 6y0,00 = 0573 P L0 Tl » 053
NI S S PR A f)mak@ T w93 7 '
J P A e T Th= Q083 TP AGMo ) = 008

e

The valuss of 4, B, Op Hy Hoesd U »qwm dalenlated with the

help of formulag (17+-22) and they are an Sollows .

G w7 {1 ’3«.?!

u#v

4 (
PR ITE L %”*U?AS%WW&WH

Subgtitubing these w’im% in vousblong (23«25}, we oblnkn,
\
\O



T

V}{ = 13‘.5? Mjag Vy L ggff? mjgﬁp ‘f ﬁﬁt 1?;‘{3‘ Iﬁfﬂg o= ‘3?&9?

Cand Vg = 4b m/ g The values of mmaaa v&ri@ua parzinhers

obtained by the metheds described above ave glven in tuble
1, | |

7

}

w&‘w mﬁ«m&

Comparison of tho results of deift ﬁﬁ?%ﬁ%ﬁﬁ%?p

xiuulggm& by AL flerent mebhods {?%,,;mﬁw GO
vf& é ij Qﬁ}

A6 G Y AN N A VY R (G 1R NGO 1S 59 R ST SN N g i vl Wi . w.mwmmmmm—mm Wwwm&«a.ﬁ R N SN P AR R R

Mabthod - hife Dogreos 1& | Eﬁlg"%

R YO0 WL i i i AR5 VAP il N A HOR o Wy O . R TR G ot R VIS WD €k NN B A e AR B G DY i A A - s WA 0 e e
) ) )

&aﬁalifTﬁfa 20 115 - -

ruttors olrele 17 120 -
Putters Stelise 19 Y SRS
BoP3, mevhod  BWEGR 16 125 e Gl

Yori's method  RER 18 118 W b

FIB N s T N e gy O A A g A A A A 0 W UK 0 S AR A A D k43 o iR R i, P wwm;.m AN AT 2t RN D N A 40k

!

1nGe1959, £330, 26 Hels

B

P

aﬁa&&fiaﬁw“nmnnu& aives a value of 130 n/a ami

?5@ foy ﬁha yalookty of dellt. S pmﬁnvria ghratebt e
m
and cirele diagrany are dyawn in Flge 7« I8 Wikd, w@ﬁ&m@ﬁ

Xq
that the dispersion e greator is this cese vhan dn Ghe
provious ohe, This da due to the turbulent nature i the

Sohy

fading patbern. Yhe valuves of una Ardlft paronebors are
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indicated bn the diagran ?imwﬁ.ﬁy

The Briges, Fhlllips, dhisn curves are shown in
i"gfi."?’,"g- fgo
this method ara given In Table 2,

The valusg of m!a@ arift paranetoers cbbtolned by

The value of the slx comelabiom

rl0 pethiod i
goefficiente for a time lag of theee socords apg as followd.

P, My, 0) = 0.4
AACAE SRR L

PLEos Oy O) = 5.96;
f"€§g;£‘9f§s @) w09
P (Gor 0T = 0,803

mncp
oy

The values of 4, B, U, H, i ond ¥ ave as given below

A =U U/ {1207 B e w0499 6 » «0.037 {12037
0, 6/(1201%; B = 0. B/(120)% & U » 0005/ {120)

&5

Hw

The values of Vy and Vy sve 19 m/s and 54 o/s giving o
|

valua of V of 57.3 m/g and @ = 20°,  The value of Vg ig

120 m/s.  The values are given in Table 2,

Lable 2

Compard son M‘ She results of ﬁr‘ £ mar’&w’ﬁ.@m&* salowlated
by difforent methods (1301957, 2330, 2.8 Hofpa)

M“Mlﬂ%m*\hﬂw AN s s 5 A 1K I 0 S mummmwmwwmmmm A iy S T R R 4 1S AL e W A S N s Mwwnﬁmmmm

Hethod Voor ¥ mis @ degiess Vet nfs Vy n/a

s B 0 e A A R M VR 0 e 48 ) R i e e N D s A anw;umwww g !t‘mmmm»mmwwm S SR Al

Rosoldfle's 130 25 - "
Putbers cirele o8 45 - "
Putsers ah e Ling 132 2E - "
BaPufia method &7 I Y 83
" Yorg s mobhod 57 ik 103 $E0

T W int A s Vo A il A S i W 00 LA R e o R AR A 8 AR AR R vl T S e e 4O i it SO g X 5 i N Y T i B 4 WA o WY Y LA a0 YT WD
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:S;hmm with records having a large value of the
‘tupbulence component, i%&;wmﬁ’"’E&*’é)a:‘ﬂmﬁam:tmi and 168
vapriants do not give the trug value of the drift.
Correlation methods have to be anployed in those guses,
However, for the analysio of a lurgs nuwober of recopds
obtained at Ahmedabad showing points of clear aﬁ%mﬁm“my, the

method of siailar fades can be used, o fo Keo dum done.
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A

dp about 1.5 Kie The reflaected pulsus are recoived at

three serdals pluced ab bue gopners of an isoscoles rioht
angdad wedongde whose oguel sddes ave 120 LELOYs Phth. Wk

g

sionds fron tho thres spacod aeriuls are brousht Lo ke

EFOOUiver Gbibe &

Uhe slgnels fros the thres serdals mre fed
puccesaively into thy modn precelver by m&amﬂjﬁﬁ‘ﬁﬁ
shecbronle switch. The output Lrow bhe yecoiver iu
applled vo one of Ghe ¥ deflegting pluves of She wonitor
cubhode ray mum éﬂﬂ L0 Lhe :é*ma*i&@mﬁi platus of thg
Cpacording cabhode ray tubt. A gabe ﬁgrgyiﬁ'@maﬁyaﬁaﬁ &
positive ﬁﬁiﬁﬁ'ﬁéf pelootling vhe oot @f‘gaﬁngiﬁ Lhg
mendtor snd at the gane thow 46 46 also &@@ﬁiw& o Bhy
é@ﬁﬁf&@ geid of tie fﬁﬁﬁfdiﬁﬁiﬂﬁﬁﬁliﬂﬁﬁaya wirleh s glven
tha Cubwofs blase Thus &n the yresording oseilloscope the

apob appoars o e sepgen only when refloctions are applicd
I .

po Ate delflecbing plaves

g The pulse outputs from the

claetronic aviveh %{&'&% B obo glve o step wavee This step
wove do applicd 0o the obhey deficeting sdute of bhe -

recording soops and, dn the absonce of tioe base Lo thab.

\
|
i
|
|

seope, Hpposrs ao taree JdoLs one by the side of Lhe Ghiwp

o0 Bhe @ wen.  The siynal froo any sdven aerial pod the
s s e o8 e e i g A ,

apol corresponding to shot eardel br woth ayscironiocd by

i common pudse penorabor wileh owltobeos the aeriel and

saturabed e slepe Lo wohoos Dyem the bheee serisls
sppoar s bhres orlgnt Adoes one oy the slde of Lho obber
and eb'e yecorded on o gﬁﬂ%@ Soum Filue  The detualled

deseription of the gomponent unlito ol the systen ars glven -
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fvausm& ainr ks

ke

e e .
Thds walt contulns the pulse genersy oty Lhie pulow

modulated trensolobor snd the sscoclated pwwur supply wwsite.

iﬁu following Suree ﬁmﬁr&%&wﬁid%iﬁu of the pulso
care of doportance in lonospherlie wopite f power {d)

width of the pulse aud (5}

*

apeblbion rate. In sdditdon,
e puise Ghould have short rise and £all binen.  Tha
dosion uﬁ*ﬁidﬁyﬁﬁzw%Zgu&ﬁ & aam;wﬁﬁ&aﬁym mhimu Jﬁ%ﬂ bpon

diocussed in wne lisevature {Chanos u% @lg 1949 wnd are

sumsaeisod Dolowe

~

T peal power of the tr&ﬁﬁmiﬁaﬂy d&&%fﬁiﬁ%ﬁ L
amplicude of the rorlocted galww» in Gho Lroplos,
vopagially durdng mig& sunopot years, the atsoppiion of
mddn frequency rodio waves in Gio fonosphore io wary bhigh
nd & Mrge pover Qﬁtpu& io sherelore roguired fop %&ﬂﬁﬁfﬁﬁﬂ@ry

-

epepabiuie  with

Sl pOwgrg, howsver, the deslon booconen
gompddested and sloo ohe reo A vy whon piaeed neapr bhs
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mm isotropie mmsmd wmwm wniuh ehanses as 4v
' mwaa kmm fouy velocitias mmgs £% ot al, 'ﬁﬁ»%&ﬁh (48 %
Fading veloeity i« This ia m:a ratlo of 'ﬁ-“aﬁ spaee del f'z,

Lo the time drife mmmaw o produce a:aem:;l ghangas dn
the auplitude of the g:muez*s; lete Vo' » Hofbg, whors MM
o satligfy the ewz&eﬁmiﬁm P gy G) = PLG, tp)e (2) The
deift veloelty t~ Thig is the veloelty with wiloh bhe

obgerver must tegvel ln opder thot he observes the slowest
ponsible fading rave, dus osnly o she intoepnal raudon
veloeities of the elowd iugelf,  This means bhat 1f he
compares hiz algnale ab tlmes ty apart ol oovers Ghe
distange g with such 4 veloolty ¥ %:sz, et (& byl 15 2

maximun, ¥ = §°;’ e {3} The chavacteristic veleeity Ve i-

e _
“his ip vhe veloelty whieh will, found by an observer moving

T 1
with the veloalty V defined sbove., This neasures Hhe

randets movananbs in the amd Py ‘s'%im# Yo hhlsg obgerver
sped.ce

the ratlo m’f the %&aa 8hift %o dhe tlme shift za,aw;m& L

produce & similar change in azesz;.w.m\%mﬂi@ g Voo x/« g ()

The apparent delft veloelty V' e 18 we exanine the fading

recoxds of receivers separated by Em we Tind that the

maxinum gorroelation o i‘mm for s cevbaln tinme shift 'i.g;w
’,éi'izs.@ apparant veloeley ‘v" Lo dafined ,.;.*s“'sﬂf e AL o px and
T oy ere the time shilve for moximue gorvelatien Lop She two
Csete of aeriels,and a and by the two seporations, we @il
Vgt ® aft gx and Wyt = by Cpyr Lrom widab the sppavent drlfy

apead and directlo could be found.

Frow the ecorrelation conflleionts debopadied by



\\. «.mﬂﬁh

foymulas (12) snd (13) we can deternine tie time ' to
obtain the same erosu=correlavion goefilveients between
any wwo aerdals an ls obtalmd for Gha a'zi_.w vorrelation

@u@a lefent with & time lag ¢ o  Brigge et al show that
. ” L o
.twi - {Eg;’f - ;s%\i% f‘{t Y e {14)

Thus, by plottdng V:c* i - mﬁ mpalast ¢ and prawing whe T
sbraipht i;irzg%ﬁixmmw Sbha values of ¥V, and Yot oan be
obtained from the iotercopts on Lhe Hwoe axos, :&%ﬁi‘iﬁ.l&if

curve for the ‘tiéﬁ'zw LW guty, v*‘y mxi Yot gan be &%ﬁkm&m s

Thus, ¥V and Vo' gan be caloulabed. We slge have

R A S T3
- Vat™ = Yo + ¥ S : {15}

from whilch Vo ean Lo éi%}%.e;;;ﬁ;*:z@sdp

mia aubhors asowne bBhat tWhe o mwwa @ mw%mw
correl uum are olilpsolida, Wille &,hia 1a pogsibly 80
for epell v&lu«aw of sepsration and time shifts, 4% may nob

be so for laveer valves of thews quanbltiss.

Xer:ts method (1955) 1= dhis method, eslled by
ite author w8 bLhe six-podnt correlatlon mebbed fo a
| gloplidicasion ol tha _;a{,.rsi;wf}.xamz;a ety A0 She opigdoe ?.
mothod of Driggs ot al, a levse nunber of wrrvzz:ﬂ abLon
conffiolents have o bo detopsiaed thereby saking the
ealoulationg mag laboriovas  Thic meblod, on bhe oblop
hand, requires Ghe ovaluation of only ais eorrolation
goefficients and bhus shoerbena the anplysis considurablys.

,uumaic'm {13}, iwi‘t AhGE B LI089-00 w;smmic;m wue:affi»im
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wan be exphnded by Taylorts Sheoren as follows
Co '

“ iy o . ’}

P‘g'{?, LA RS K Al 5 1 2 A
fgﬁ%m& the othor wwma carl be neglested when the quantiblesn
involved mre snall. Iih the complebe two dimenvionsl case,

té& obtaln similaxly

(B i Moy ) = ¢ = “g ‘3 4 ﬁf«\f 4 sszz-i'g;c AT 28,
‘ {16
e have to ovalunte the values of 4, By ©p W, M and o from
grporivented dava Lor o conplats an mjﬁiiiiq 18 ong roeeivar
is ov the ordgin iﬁﬁ,iﬁ%} end anubher ab {0y %o, the value
of ei‘g 52,07 can be eas g gmlaum&mi by gumparing Lwo
veeords wish zerd $ime fie\ii..ﬁ;u We aloo get on substitugion
in {(16)
PUE caita0) = 1 4 47

PQ§Q,U,¥3§W}
M;ﬂ» ‘

]
. g 8 =

(17)

simllarly we obbaln

P, T jmed : -
e (19

Fm%,, Gt) 1
% _

&

and o Lo

Ak AL can Lo peen bthad
1 P (% ey 9 ’TL;MP{‘E y e PO,0,C)
28, T

o=

Ly
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J *Pe:sm oy LE )= Pi»},‘%,ué £19,0,70 213
2Me T R

r
R N

zuﬁ W e ‘3 - F{E {M@q gp{};*‘*ﬁi\gg,’ﬁ ’s}}’“ iugfn&*w} igzi
2€aMe

We have thus to svaluste only

P (%o 0, 01y PLOMGe 0y PLO, O, )
Fi%i;? Uy ’d‘}s Féwa Wﬂﬁg Ty o PL ‘gm ng;‘,.ﬁ »ifﬁ}

for the detepuinatlion of all the con abanbs,  Terg, by

sasuning the peneral s:shi;umm mgmﬁfimﬂ f%mgﬂ?my Wit

the assumpbion reparding Laotrony ﬁﬁé #how

(23)

a»gx

" - «92"1‘{{3 % 4,:4%} d ‘.,V i;g{"}

) ¥, =
Y e ae
g Yot = Bl1 =~ an” 9} (25)

P tﬂn‘“ 8 + 2 van @

The value of T/ is chosen arbitrarily in the sbove y
annalysio and no eriterion exists for the selection of its
velue, The values of ¥y and Yy and Ve 40 peneral depend
uoen the value of T, chosen,  In opder :.xz,,,ﬁ; the rosulits
may agres with Lhops obbained by ir:u :eat; ey g, whould,
however be ¢hogen 9o that tho assusptlon of gnlgotyopy in

thelr treatment s Justifled, Whie iz voosible only if “C



P

is sueh }". Kat 1% s wlt 'ﬁwi ﬁ%m %w;i*‘wur Emmim;\ ol Lhe

curve of Twve (¢C =4, g
in the ﬁ“ﬁf&lwmgg, soctions, btwo recowis are chosea
and analysed by all the above methods ne exemples,

records chosen for the analysls are oise reproducod.

1=8.1958, 0430,

tima iislihwmim wore deternined. aad &»m&; wore used Lo
caloulate the values of the appoarant Gonpotont velveltios,
The magnitude wid -ii‘:awa:;zt;&mz of the dplit weve determined by
uslag 'f@)l‘*ﬁfﬁli.&& ;u;smz- *é”,i mth m; help o0 the m;xmg;;wma%;
mlyen 4n wezt.,sxm"a: oan {1953, Phe vealues obtalued ave 20 1y

and 115%,

(2} Dlkter!s method i~ The velocities

corresponding to each get o L otdoe shifes are palowlaboed

wﬁh Llie i”zwlr@ m:\mm snd {(5).  Theoe veloeitios

i:ti":}.;ggg f;%aa} & elrels iw

Al et oy

Gl eydodn Lo deowe and e wvalue
glvos tha magaloede and ddreotion of Ghe 4.45{, LiGe  Whe valusae

obtalned are V » 17 mjy and 8 » 1248,

The inddvidusl viwe sbiits are slsp plobted in
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PUTTER'S METHODS T
N T
Yy YL,
|-20 o
u
>3 s L v
}-tO
1 1 1 [} E L 1 I- 1
20 o v, -5 3gC.
L o 'X L
° 10 L o
L0 °
p 3 3
T s ]
SRS 0:=120° V=19 M[s-
' LIAY 1958 0830

Pige 5 = Plsberta mml@ and atralght
: line ehﬂggs aeg fop xiammmim
AR A za;mam and dirogtio:

f16h Moy, 1958, 0030, 2.6 Hofs.
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Hige Sbe A stralght 1ine is deawn through thave ;éumm
and g perpendicular is ﬁ?&ﬁﬂ from the wﬁ,g;z‘ to thig ling.
its divection (B e Wfﬁi gives bhe diyoction of the ﬁwﬁﬁ&
and the Langht of i;;%m E'sfmwnuw gives the valug of b

The nagnitude of m@ dyd fo Lo obbdd ned by dividing the
smgae;@l%mm botwean the serdals by €.  The magnitude of the
drife obbaloed by this methed Ls 19 mfot -

shing te O The

sl Ddiipe and

mm«awmlamm purven fop aﬁsa vhrad mnmmm ;{‘mm Lhe

cegntral, west and north a@x‘m}kg ave plovted in Fiste Omile
The erosg-corrolatdon mww@a bammmr thie gentral and west
and the central and north mx*iam for vepious values of
time differenges, both poslitive and negabive, ave glven

in Pige G=B, From those two soete of :::Mvw, the valne of
 the vime differcnce on the aubo-gorrelatlon curve ' Hb
give a correlation egual to that for a tive difieronce of
T on tha nmmawﬁwmhmwﬁ ourve i determired for both
aets of aevialey for verious values of v, Plovas of Ut-*
Ve T ars %s;r;‘iawn. in Flge 6-0. Soguatdon {(14) vis

L R : ‘ s "
T -7 = kg:?:_‘;lyl QE o &5
_ . s (14)
gan bo rosgranged og
o R = {26}
Vé"‘- . 2. Ve ? o

whieh Aundicates thab the plot would be a stealght Ling,
I xt and y' be the interceptp of t. :M Ling din ‘tbﬁa X z*ix:%
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X

ares m&gmﬁ.wmys_ 1t pan be esslly sesn Whab
Vg ™ \%giﬁj‘:aw | S {27}
. ‘
Ihe vmu% of Vo' and Vy can thus be celeulsted.
wim:tismlf from the obhar Gurve vy and Vu ' con be
saloulated, Whe aohtal value of Hhe drigs’ oy ms& gradd

direction and the megn value of Vo' con be t:nﬁmhwa#
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The actusl random yolocity Vy in glven by }5&, SR AR
" %he values of these cgsaaﬁtiﬁﬁ.w evm; ned by vhis method
are givea in Teble 1.

}

gpats method $= A5 mentionnd previously, Lo b

method lwwiwm the gomputation of only six gorrelabion
poafficlonts, Thpes of then are Sised, vise {’ f‘go#£§§§}39,
P o0y Mgl andPl o, o001 wnd theoo snvolve the eholce
of an a;w*bmx’aw time lag T vime {00, T, P{gl; T
and ¢ {f;?s‘mf},,w}q i¥ too lavge a volus of g io chovel,
phe offects of safsotropy of the pattern would be lerge
and the peselts would oot agres ﬁeﬁb% those obtained by
the other Methods, In order Lhab ﬁ%ﬁﬁﬁ @i‘;’“i‘ﬁ, oha may net Lo
large, the bHime lag tx%m*’ﬁﬁm shauld be ssz.«s:*s deiently snall
80 that the poiat h@%x‘&%&yﬁmﬂ&mm %o it on the T-T v X
plot lies in the linour poptlon,  In the uoupubabion shown
below a pime lag of vhree seconds lg ¢hooor. The velues
of the correlation oweifficlents ave |
S
P L€ 6y0,00 = 0573 P L0 Tl » 053
NI S S PR A f)mak@ T w93 7 '
J P A e T Th= Q083 TP AGMo ) = 008

e

The valuss of 4, B, Op Hy Hoesd U »qwm dalenlated with the

help of formulag (17+-22) and they are an Sollows .

G w7 {1 ’3«.?!

u#v

4 (
PR ITE L %”*U?AS%WW&WH

Subgtitubing these w’im% in vousblong (23«25}, we oblnkn,
\
\O
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V}{ = 13‘.5? Mjag Vy L ggff? mjgﬁp ‘f ﬁﬁt 1?;‘{3‘ Iﬁfﬂg o= ‘3?&9?

Cand Vg = 4b m/ g The values of mmaaa v&ri@ua parzinhers

obtained by the metheds described above ave glven in tuble
1, | |

7

}

w&‘w mﬁ«m&

Comparison of tho results of deift ﬁﬁ?%ﬁ%ﬁﬁ%?p

xiuulggm& by AL flerent mebhods {?%,,;mﬁw GO
vf& é ij Qﬁ}

A6 G Y AN N A VY R (G 1R NGO 1S 59 R ST SN N g i vl Wi . w.mwmmmmm—mm Wwwm&«a.ﬁ R N SN P AR R R

Mabthod - hife Dogreos 1& | Eﬁlg"%

R YO0 WL i i i AR5 VAP il N A HOR o Wy O . R TR G ot R VIS WD €k NN B A e AR B G DY i A A - s WA 0 e e
) ) )

&aﬁalifTﬁfa 20 115 - -

ruttors olrele 17 120 -
Putters Stelise 19 Y SRS
BoP3, mevhod  BWEGR 16 125 e Gl

Yori's method  RER 18 118 W b

FIB N s T N e gy O A A g A A A A 0 W UK 0 S AR A A D k43 o iR R i, P wwm;.m AN AT 2t RN D N A 40k

!

1nGe1959, £330, 26 Hels

B

P

aﬁa&&fiaﬁw“nmnnu& aives a value of 130 n/a ami

?5@ foy ﬁha yalookty of dellt. S pmﬁnvria ghratebt e
m
and cirele diagrany are dyawn in Flge 7« I8 Wikd, w@ﬁ&m@ﬁ

Xq
that the dispersion e greator is this cese vhan dn Ghe
provious ohe, This da due to the turbulent nature i the

Sohy

fading patbern. Yhe valuves of una Ardlft paronebors are
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indicated bn the diagran ?imwﬁ.ﬁy

The Briges, Fhlllips, dhisn curves are shown in
i"gfi."?’,"g- fgo
this method ara given In Table 2,

The valusg of m!a@ arift paranetoers cbbtolned by

The value of the slx comelabiom

rl0 pethiod i
goefficiente for a time lag of theee socords apg as followd.

P, My, 0) = 0.4
AACAE SRR L

PLEos Oy O) = 5.96;
f"€§g;£‘9f§s @) w09
P (Gor 0T = 0,803

mncp
oy

The values of 4, B, U, H, i ond ¥ ave as given below

A =U U/ {1207 B e w0499 6 » «0.037 {12037
0, 6/(1201%; B = 0. B/(120)% & U » 0005/ {120)

&5

Hw

The values of Vy and Vy sve 19 m/s and 54 o/s giving o
|

valua of V of 57.3 m/g and @ = 20°,  The value of Vg ig

120 m/s.  The values are given in Table 2,

Lable 2

Compard son M‘ She results of ﬁr‘ £ mar’&w’ﬁ.@m&* salowlated
by difforent methods (1301957, 2330, 2.8 Hofpa)

M“Mlﬂ%m*\hﬂw AN s s 5 A 1K I 0 S mummmwmwwmmmm A iy S T R R 4 1S AL e W A S N s Mwwnﬁmmmm

Hethod Voor ¥ mis @ degiess Vet nfs Vy n/a

s B 0 e A A R M VR 0 e 48 ) R i e e N D s A anw;umwww g !t‘mmmm»mmwwm S SR Al

Rosoldfle's 130 25 - "
Putbers cirele o8 45 - "
Putsers ah e Ling 132 2E - "
BaPufia method &7 I Y 83
" Yorg s mobhod 57 ik 103 $E0

T W int A s Vo A il A S i W 00 LA R e o R AR A 8 AR AR R vl T S e e 4O i it SO g X 5 i N Y T i B 4 WA o WY Y LA a0 YT WD
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:S;hmm with records having a large value of the
‘tupbulence component, i%&;wmﬁ’"’E&*’é)a:‘ﬂmﬁam:tmi and 168
vapriants do not give the trug value of the drift.
Correlation methods have to be anployed in those guses,
However, for the analysio of a lurgs nuwober of recopds
obtained at Ahmedabad showing points of clear aﬁ%mﬁm“my, the

method of siailar fades can be used, o fo Keo dum done.
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dp about 1.5 Kie The reflaected pulsus are recoived at

three serdals pluced ab bue gopners of an isoscoles rioht
angdad wedongde whose oguel sddes ave 120 LELOYs Phth. Wk

g

sionds fron tho thres spacod aeriuls are brousht Lo ke

EFOOUiver Gbibe &

Uhe slgnels fros the thres serdals mre fed
puccesaively into thy modn precelver by m&amﬂjﬁﬁ‘ﬁﬁ
shecbronle switch. The output Lrow bhe yecoiver iu
applled vo one of Ghe ¥ deflegting pluves of She wonitor
cubhode ray mum éﬂﬂ L0 Lhe :é*ma*i&@mﬁi platus of thg
Cpacording cabhode ray tubt. A gabe ﬁgrgyiﬁ'@maﬁyaﬁaﬁ &
positive ﬁﬁiﬁﬁ'ﬁéf pelootling vhe oot @f‘gaﬁngiﬁ Lhg
mendtor snd at the gane thow 46 46 also &@@ﬁiw& o Bhy
é@ﬁﬁf&@ geid of tie fﬁﬁﬁfdiﬁﬁiﬂﬁﬁﬁliﬂﬁﬁaya wirleh s glven
tha Cubwofs blase Thus &n the yresording oseilloscope the

apob appoars o e sepgen only when refloctions are applicd
I .

po Ate delflecbing plaves

g The pulse outputs from the

claetronic aviveh %{&'&% B obo glve o step wavee This step
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Reprinted from the “Proceedings of the Indian Academy of Sciences, "’ Vol, XLII, 1958
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MEASUREMENT OF IONOSPHERIC DRIFT
AT AHMEDABAD FROM FADING PATTERNS
OF REFLECTIONS ON 2:6 AND 4-0 Mc//s.
(23° 02' N; 72° 38’ E)

By
By R. SETHURAMAN,
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Thug the provetdlivy of flsdlnsn values of 9y hour the

meen valun e Larger then Sinding R ?!L,?awsf* Sy In
DOhher werds, & Creater goturpoy o bu obtainoed 14 we
consider the pean velue nibey exeludlng adl abnoynally
gii forent values Drom the set of velues obbelnid in the

srperinent

Pubtor {1955) proposued another methed of ssalysis
of e yesord wadeh e applicable whep the pattorn on the
ground ds sdodigateds  Aet OYA peprosont o line of nasdnunm

paplituds (Flge &) m*mu% i 9 m Ez0eandantns g e

.

Fhit 5» o

s

Wbt Vobe the weloeity of the deddv, O tho direction whieh
16 wakes with the » axlo mnd Voot dnoldnasion of the Mne

el masloean anplitede o she wave Jronb. s b, .kis;t‘fsit;gg{; BA B oo

i {90 1) Gl {90 » 8 =P}

2 S, . *m;w

&;r _ iﬂ* 3 "1 4 1
Dy s SO wmmmwjvﬁmwmwm {;&V&h;ﬁ a’,ns b g ‘ mﬂu m s Wj &{C’ }
- vond  Gop {84yl ! ¥ levs %
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.g.:u_mw:i#g;)m b7 g vwiw sepurecdon Debwenn the two recelyvers

sasng e O dliootion, we obbaln



by %} - ._53.33{1/ + @i {10}

LO8 Y
b " »
Thus bt /“.’f # gan (W 8] = pan 8 A1)
b ¥
:ﬁﬂii ‘t‘nﬂ}‘: v W “ﬂkiin 2 Mﬂmw Qf" quw § W M:. ‘g ﬁ;;’ -3 %nm
b a* Teugty VRS Yyt Yeoosty gl

wn f12) -
Ve have the relavionghips V' » V cony gad @f & {8 «¥}

From (11} and (12}
' Y

In ¥ig. hin) V' pepresents
. o 3
ong auch vector derived fron one B \g / |

seb 0f ty and 6y and ' the angle ., M{/;”’
, e | e
1v makes with the X axip. Ws then o Yoo

hwa' for ive cmﬁmmfmg - @%:.Mm
Vi * V) 408 @Y » ¥ cosy cos (0 + ¥ ) amd. —
‘&*"’y o WI’- ghui @Y. ¥ pos W oain (w * V) oor  -IX
Ve, w V;ﬂ {mm {BY + &) + oos &j mﬁ
Ty = W2 [ata (2% 6) + vin @

Thus we have Wy = 42 gop @'9:’3 * W.’@y w Ve min %32 w YR,

The losus of V' ig thus o civele wnskho centee 49 ab She podan
/2 cos B, Ve min @ and whode raliug da Wi,  Thug the

I
dianetayr Mzmw*?zﬁw%m will vapresent in magnibade and

direction the real veloclty of she deifs, Thia PEOpORLY
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was ubiliged by Putter (1955) in tbe construction of a
civele diagram for the deterinstion of drift apendé el
diresticvn. The individusl gpeeds wore plotted snd the
dizmeber of the oirdle %rﬁwﬁx the origin was draws. The
dispersion of the points dn the disgran gives a qualitabive

idan of vhe wagnitude of the rondom veleglty.

Fipter aleo degoribed ancthor mothod of evaluating
the drifus paramsters in the gbsonce of reudom veloudty -
Brom eguation ($) snd {10) via. &y v{[@[ﬁt;m@ goaly + &}
and Gy w)}yﬁgw ‘ﬂa ginlY « @y Wo obbadn on elininatlingy

jl.;.%m pos & 4 M@;., gin # =

o b

{11}

<=

Thus the plots of 84 and 4y would result in & strodght line,

the perpendicular $o which from She origin gives the
direction and 14V of the Arifta !
In the sbove two mebhods, we have assumed that the

random velooitics ars abgent. daneriee {1958) has extonded |
i

the analyels te the oase whore rendom meblons are prosent.
He gbarts with o stosiptical dietwibubdon of the angle bobwenn

the wave front and the line of maxioum amplitude aud fiude

that in méw prosenas of random msﬁﬁmm thig :‘c%*'{maw -gbralght
1ine would be changed Inko an eliipse, The perpendloular
m the wmajor axie of the ellipse gives the valoos of ¥ aud
& mud Ghe minor awis m the ellipos glves o moasurs of he
rondom veloeity Ve. while Putbver's oprigiaal sebhod reguires

only twe gets of Gy and U ¥ for dyawing the straleht llne,




Banerjee’s method requires a lavge nunber of values fov
drawing the ellipse., Bunerjee's wethod slse does not
inglude the sifecty of anlsotropy of who patboe aince do
evaluabing the Joint ;&mbé&b&fﬁ,my diastributions 6f Gy ma %zy.p

the patuern 18 ssouned o be laootyopla.

tourt {1955) has fntroduced & smdd’m%mz 8 the
original Putter's mebhod whieh reduces the dispersion of
polnts in the straight line or clrole., lie selects gl y
thoge porticns of the record which show sinilerity aud the
ghifts obbained frow them @mhamﬁ for caleudablng the
valogity. He obbaine cirele and straight line diagrans
with vary little dlspersion. The @i&gﬁrﬁim in thepe
Cdisgrans 18 indigative ol the zﬁ%ﬁiﬂu&@ of the roandom
valocivies and by makiag a choice of the poiats, Uourdts

modification puts Lhe roodon elesent out of the way.

In aﬁ misz‘ia analysls, it is assumed that the lines
a:i‘msamma am;;&%mdeg are straight :m tive roplon gonsidered.
This mdght mot M‘ ao ,akbhough in praculcs, over such short
digbances as are used ln pracbloe, Lhis | tmwzawm ‘zi.ima ot
amount o push. Hoo a&i Rao (19573, weploying u,mw ﬁﬁ&ik"}ms,&.ﬂ
found that the Lines of manimum anplitude we indeed awved
on gertain oconsiono, mmaw H‘%fﬁ?i has sxanined the errers
introduced into the coloulation on aocound of corvabure and
gonolude bhat an mum«mwml sreay of aeri-ds gives Cho
least amount m grror. o hag .13.@? km;m nbage of the arroy

belwg dndependent of the iixﬂ uMm ol the driftc. arber
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{1957) has shown that the standped deviatien of the
 seattor of points ropresenting the bime intervels Lo any
direction is proporbional to the radlup ol gyrabion pf the
shyes vegelvers about bhe axis bhrough ssssh the centreld
of tho btriasngle lormed by them, Such g disspibution o
ve clrpular only in the ?;z@.% pf an equilaberal arrays

Sines however, caleulobions with an equilateral areay wuld
be move complicated, the wight engle arpay has been unesd

ot shmedabsd Tor the dpift MOGELPLNDNG S,

The

3¢3)
L5 CF ZYPTIE
L L,

information Ghat gan %m pbtained by the methods Jesoribed
above L8 limited to the values ol the gpeed and ﬁ:%ﬂz*%%m

of the drift, dothing 15 known about the sige of the

pabtera or whe magnivtude of the rendon vgloeleles as 3%
drifes, < The corvelation methods, although laboricus, bave
the pdvansage oF glving thuse é:;luammim& in sddivion, Theys
are thres maln methods wideh amploy the correlatlon techs sﬁ;séjx«,aeat.
{1} The vz:f;%ma‘i of Drigaw, Fhillipe and Shimn (1950}, (2] The
method of Yewrz (195%) (3) The nethod of apakisl coprvelation

gontour {(Yhillips end Spencer, Y4531,

Ihe neshod of | hidldps and Shdng = Whis
mebhod requires the caleulation of eube-eorrelavien snd

m:?e:mw»s:wmmtim coalfiolonby of r@%fsz;:}im?mm:s ron $he recoride
“hata goof ficients are defined as followg. Iff U {L) bo the
amplicude recowded ab a sloglo stablon ab o Blmg B, HiL @ Ty
that Woasure at the bame stabion at a vime t + Tawd Ty the

mear: value of A{t) over the length ol the recond ] P {“T},
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the awbo-correlation Lunetlon for Laterval T el the recoad
Cda glven by R

. oo i { e i A - Al .
P{T WE‘J’QLQ ﬁﬁ‘.a( ‘ 'F _é‘ ‘i i?z{f}
Ae) - e

It can be seon that whan T = 0; (D=1 d.es Ghe aubo -

corralacion fumetionhas o maxieun value of 1 a8 T = 0. 48

te time lag becoses larser, the velue of P (T}

Cbegsones muallor.

iy §b be the dﬁ.a&amﬁ pobuween two aordals and Ba
and #b the ampllitudes mmwmaﬁ ab the two serdels ab o Llsg
t, the eroau-corralabion funetien P (§, T ) betweon the & WO

pabternd recordod ab the asvisls is glyven by

ﬁmm,m - ﬁm wi E"_L.gi‘ ¥ '1:} -~ b (133

i(& ‘»i'w?ss w0 B \

p b )=

m&ianﬁ iy, 1.%; is the produst of she amplitude of the
mmml ab the awiai A ab g time b with the slgnal ab the
serial B ab a 'z;i‘;w (6 +T)s Because of Lha spuos lag T s
this function never mwmwm g value § and the mealnnum ouours
ab @ &,ium deponding upen the wim‘;mgf of the deilt and the
dimmmﬁ babwean She serdals. Twoe sets of crogswcorrvedabion
fanctions arc roguired {or & cumplete detersination of bhe
drift spocd and direction. 4o described 1 oher, bigbe
gosfilelants sre useful in detersining cerbidin olbsr
paranebers describing chunges in "w lg:»@%‘r warn a8 Llobed

bolovw.





