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Comparative study ol spread-F is made from the gquarter-hourly ionograms at Huancayo, near the magnetic equator and
Bogota. close to the anomaly crest region in the same longitude sector. The oceurrence of equatorial spread-F is seen only
during nights, preceded by very rapid rise of the F-layer ¢lose w the magnetic equator. Based on guarter- hourly jonospheric
data at a closely spaced chain of ¥ stations in the American sector that operated durmg 1GY. the oceurrence ol spread-F
low latitudes is shown o be assoctated with the post-sunset itensification of the wonization anomaly. The ratio of /2 @
Bogota tanomaly crest) 1o that at Hoancayo (dip equator) shows sudden mtensification on spread-F days around 1900 hrs
LT, peaking between 2000 and 2100 hrs 1T and can be used as o precursor to predict spread-1- near the magnetic equator
Fhe onset of spread-F at Bogota, however. requires additional condition of strong spread-F at Huaneayo covering a wide
rune ol aliitudes and stronger uplift of (he F-layer: There are indications that the vertical uphilt velocity of F-layer belween
TROO andd 1900 hes 17T could be used o predict the onset of equatorial spread-F even at crest.

1 Introduction

The occurrence of equatorial spread-F (ESF) 15
preceded by the rapid rise of F-layer'". From the
electron density profiles obtained from the true height
anulysis at Thumba’ and Huancayo® it has been shown
that the whole of the F-layer is uplifted in the post-
sunset period with simultaneous increase in both the
hase and the peak of the F-layer. The semi-thickness
of the F-layer remains constant in this period. Elec-
tron density contours on altitude versus local time
erid obtained by the backscatter radar at Jicamarca
also indicate the rise of the whole of F-layer before
the initiation of spread-F irregularities.

During 1GY the tabulation of f,F2 incorporated the
symbol “F" to indicate the uncertainties in the deter-
mination of f,F2 due to spread-F. Based on the pub-
lished fF2 data, occurrence of spread-F was studied
and i belt of high incidence of spread-F centered on
the magnetic equator and extending to + 30"dip lati-
tude was discovered”™". Abdu ¢t al."" made a com-
parative study of the ionograms at the equatorial sta-
tion Fortaleza (dip 3.5" S) and tropical latitude station
Cachoeira Paulista (dip 26" S) in the Brazilian sector.
[t was found that all the spread-F events at Cachoeira

Paulista were accompanied by the occurrence ol

spread-F at Fortaleza, but the converse was not true.

Also the onset times of spread-F at the tropical luti-
tude station were systematically later from that at the
equatorial station.

Cohen and Bowles"” interpreted the spread-F ech-
0es 0N 1onograms at stations near the magnetic equi-
tor arising due to the scattering from thin sheets of
irregularities aligned along the geomagnetic field
lines. Calvert and Cohen'" explained the configuration
of equatorial spread-F echoes on ionograms from the
appropriate  distribution ol the scattering centers.
King" suggested spread-F echoes due to the total re-
flections from large tilted surfaces ol wnization, Sat-
ellite traces are associated with the off-vertical reflec-
tions from such tilts". The spread-F at tropical lati-
tudes was suggested due to the superimposition of
additional oft-vertical /’-f traces from the patches of
irregularities drifting from equatorial regions guided
by the geomagnetic field lines.

The characteristics of spread-F on ijonograms
tropical latitude differ very much from those at an
equatorial station'. Spread-F echoes at a temperate
latitude station, Grand Bahama, start with additional
traces near the penetration frequencies due to off-
vertical echoes. With time these additional traces in-
crease montensity and in number and extend o lower
frequencies giving rise to range spread'’. The temper-
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ate type of spread-F was suggested (o arise from the
reflection of radio waves from the ripples in the iso-
onice surfaces rather than from the scattering of radio
waves from plasma density irregularities.

Multi-technique investigations of ESFE using in situ
rocket/satellite measurements, VHE/UHE radar meas-
urements, radio scintillation and optical observations
and numerical simulation studies have greatly ad-
vaneed our understanding of the phenomenon ol ESF
(Recent reviews'™™'). The  generalized  Rayleigh-
Taylor instability, which includes the electric field
and neutral wind terms along with the gravitational
ternt. is considered to be the primary process for the
seperation ol intermediate scale irregulurities. Large-
scale plasma depletions thus generated rise fast to
cover entire F-region including  the topside. Steep
plasima density gradients thus generated are responsi-
ble for the generation ol smaller scule irregularities.
Higher the altitude to which plasma depletions rise
near the magnetie equator, farther s the latitudinal
extent of ESF. The VHFEF scintillations recorded at a
chain of 20 stations in India under AICPITS showed
systematic time delay in the onset time of scintilla-
tions at latitudes away  from the dip equator with
maximum delay of 2 h for Delhi™,

Recent studies ol the electron density profiles at
number of low latitude stations in the Indian and
American longitudes have reveualed an intensification
ol the equatorial wnization anomaly in the post-sunsel
hours preceding the equatorial spread-F (Refs 23-25).
Association of the ionization anomaly and spread-F is
further provided by the ionospheric total electron
content (Np) data collected at o network of stations in
India during the ATS-6 phase 1. On nights with
strong spread-F. Ny was reduced at Ootacamund and
mereased al stations close 0 anomaly crest™, How-
ever. the studies were based on measurements at just
one station close to dip equator and one or more sti-
tions in the anomaly crest region.

[n the present paper, we have compared the struc-
ture o spread-F irregularities from quarter-hourly
ionograms at the equatorial station Huancayo and at
Bogota situated near the crest of ionization anomaly.
lonospheric daticat a close chain of § stations are used
to examine the anomaly during spread-F and non-
spread-T days.

2 Results
The F-layer parameters, H'F and fF2 for the net-
work of eight stations in the Americun longitudes that

operated during IGY are examined first. The locations
of the stations are shown in the map in Fig. 1. The
map also shows the iso-dip angle lines. Tn Fig, 2 are
shown the contour plots of A'F and /12 drawn on the
dip latitude versus local time grid for 21-22 Apr. 1958
when no spread-F was seen at equatorizl stations and
25-26 Apr. 1958 when strong equatorial spread-F was
observed. On the non-spread-F day (21-22 April), F-
Layer rose alter sunset with i'F more than 350 km at
equator and 300 km at other latitudes. On spread-F
night (25-26 April), /'F was more than 500 km near
the dip equator and was around 300 ki at latitudes
from 15" to 30"N. Another notable difference = in the
time of maximum of A'F. On spread-F days the
maximum in 'F oceurs around 2000 hrs LT at all the
stations of the chain. On non-spread-F days, however.
the muximum in 2'F occurs around 1900 hes LT close
to dip equator. but with slight delay at stations away
from dip equator. Looking at the contours of [(F2 on
non-spread I days, the maximum (15 MHz) is seen
near the dip equator around 1500 hrs LT. On spread-F
night the maximum in fiF2 (19 MHz) was seen near
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the dip latitude of 15" around 2100 hrs LT. Thus, the
large rise of the F-layer in the post-sunset period at
Huancayo was followed by a large concentration of
tonization near the latitude of Bogota. The post-sunset
peak near the anomaly crest latitude was different
from the peak around 1500 hrs LT (15 MHz).

The temporal variations of /'F at Huancayo and of
SiF2 ot Huancayo and Bogota on two consecutive
days of 14 and 15 Apr. 1958 are shown in Fig. 3. A
rapid inerease of A'F is seen in the evening of 14 Apr,
9S8 with a value of 500 km around 2015 hrs LT, The
large uplift of the F-layer at Huncayo is followed by
the generation of spread-F at Huancayo around 2100
hrs LT und at Bogota around 2300 hrs LT, On 15 Apr.
95N the F-layer rise wis small (4°F reaching 350 km
at 1900 hrs LT) and spread-F was not observed at ei-
ther of the stations. Tt must be noted that on 14 Apr,
1958 the fiF2 values at Huancayo decreased rapidly
from 1800 hrs LT to midnight, while increased at Bo-
gota in the same period. The fF2 values at Bogota
were higher than at Huancayo for the entire day.

Contours of h'F (Km)

25-26 AFRIL

However, the difference is very laree from 1800 hirs
LT 1o midnight. On 15 Apr, 1958, the /.F2 values
Huuncayo were larger from about 0800 hrs LT to
1500 hrs LT, but from 1700 hrs to 2300 hrs LT the
values were higher for Bogota though the difference
IS not more than 3 MHz compared to about 10 MHy
on 14 Apr. 1958. This is because of the smaller rise of
F-luyer in the post-sunset period on 15 Apr. 1958 and.
hence smaller uplift of the plasma from equatorial
region towards the anomaly crest region. Thus, the
difference in the ionization anomaly (or in the varia-
tion of f,F2 at the two locations) is noted much before
the onset of spread-F at Huancayo. The ratio of /F2 at
Bogota to that at Huancayo at 2100 hrs LT is about
2.5 on 14 April, but only 1.5 on 15 April.

Similar plots for another set of days for 27, 28 and
29 Jan. 1958 are shown in Fig. 4. An abnormul in-
crease of 'F was seen at Huancayo in the post-sunset
period of 28 Jun. 1958 with /I'F reaching a peak value
of 600 km at around 2100 hrs LT. The post-sunset
increase of 1'F on other two days was much smaller

Contours of foFz (MHz)
1958

EQUATORIAL SPHB%&D F - PRESENT

10 _2 —1PAN
| 250
| —-BOG
7 ¥ L —TAL
.‘.'-. R Hg
L | Ll S RuN
= 1z 0
8
3 21-22 APRIL 1958
= EQUATORIAL SPREAD F -ABSENT
3 " -GBH ——
=
a PUE

TIME, hrs 75" W

. [ - » . . - . . - = -
Fig. 2—Contours of £°F and £ F2 plotied in the grid of latitude versus local time for a dany with spread-F present (25-26 Apr, 1955%) andl

fow a day with spread-F ahsent (21-22 Apr. 1058)



806 INDIAN T RADIO & SPACE PHYS. APRIL 2003

t. ] _r
Efon at BOGOTA | | e 50
:______ a -’___ = | ‘s = . .-‘"iqi__" = - U — e g
O Y e Y e : %&0‘5 ]
= ke Lo ! o gt P %
= | 1’ - & o k b ﬁ\
Lf« |y ‘ Mo :1' ,;r / b v
) ! s, spnsm F ol i1 TWHUN = |
1o |1 foFz at HUANCAYO: 8 TN ‘
7—— 3wy — =
f \i ﬂ}' 1| T'\ Lo
. = | Kl | il 3
F \ W i' AT
[ | I T'wf_
: | I |
5 = = ! =
06 12 18 00 06 12 18 00 06
| TIME, hrs 75" W |
14 APRIL 1958 15 APRIL ,1958
n 500 - - - - | == :
= ( I |
L 400 + I ] —
€ h'naF at HUANCAYO: | | PN
E i L i - - .‘\ b ,
-~ 300 — S rb— S
- » - <N # o . ~"4
T Pnd .
r- -""'"‘\-b_-' l...f “\-Hs“n—' | e ” v Tl

. =5 S e . L s . . . L o - i
Fie. 3—Temporal variations of the minimum virtual height of the F-layer (0 F) at Huancayo and of the eritical fregueney of I-Layer
(12 e Huancayo and Bogota on 14 and 15 Apr. 1958

| [ |
# | toFz BOGQTA
AL | |
5 [ =% = e T e
. P i - ~.BOG
N A A ) | o i N ;" b
= 57 ' A 2l ot
[~ 2 [how \ i ~ s N/ 1
’: ‘] SO .‘! | o | L
o top = '*-____L-— {—1oF2 HUANCAYO I
o - | o ! Ry A
j | -.} | | li
I i ' .
| Y ! ‘ \ /
5 J ‘ 1
%4 |4
S
. i Pl tz:d4 Ll
(4] 3 12 18 an 0f 12 £ 6 o0 fit
| TIME, hrs 75° W !
28 JANUARY 1958 29 JANUARY 1958 i
= PR T YT T T B P T T T [ T[T T jrnam e iy iy T
= | | | ||
== 500 T — e i I i
N | ‘ hminF HUANCAYD! | l' ‘ |
Se00f—— o = =—t e — 1 A
; | S | | -. 1. | - ~
= 300 f— — e 2]
_"" N | _J' k ..‘." /:‘- I"_'--.,,.‘
-, T = l — ——:\— | H""‘-\___r" !' S— bt C—— -! — —:— -‘-‘-"‘H"

.y | F. . o g o= v - - =
Fie, 4—Temporal variations of i F at Huancayo and f,°2 a1 Hoancayo and Bogota for the three consecutive diys 27, 28 and 29 Jan. 1958



ALEX et al; ASSOCIATION BETWEEN EQUATORIAL & TROPICAL SPREAD-F

(375 km on 27 January and 400 km on 29 January
hoth peaking at around 2000 hes LT). The large rise
af F-layer on 28 lan. 1958 resulted in strong spread-F
at Huancayo starting at around 2000 hrs LT and at
Bogota from 2100 hrs LT, As seen i the carlier ex-
ample, fF2 shows a large decrease at Huancayo and
increase at Bogota from about 1800 hrs LT to mid-
night with the difference more than 10 MHz on
spread-F day in contrast o about 5 MHz on other two
duys. The ratio of £,F2 at Bogota (o that at Huancayo
at 2100 hrs LT is about 2.6 on 14 and 28 January but
only about 1.5-1.6 on 27 und 29 January.

Few examples of ionograms at Huancayo during
the nights of 27, 28 and 29 Jan. 1938 are shown in
Fig. 5, On 27 and 29 January when the F-layer rise in
the post-sunset period was small, only weak spread-F
echoes were observed at the base of the F-layer and
the irregularities did not extend to higher altitudes and
no spread-F could be observed ut Bogota. On 28 Jan.
1958, the spread-F at the base of the F-layer over
Huancayo extended well throughout the lTayer and a
number of strong scattering layers were observed, The
base of the F-layer is almost at 600 km on 28 January,
about 200 km higher than on 27 and 29 January.

Some ionograms at Bogotu during the night of 28-
20 Jun. 1958 wre shown in Fig. 6, At 2300 hrs LT

NT

some additional off-vertical traces, the charactenistics
of the tropical spread-F were recorded. but the eritical
frequency is clearly identified. These features are not
indicated as occurrence of spread-F i the routine
scaling of 1onograms. These additional traces later
increased in number and intensity. leading o strong
tropical range type spread-F. The group retardation
effects are clearly seen in the additional traces und,
therefore, are due o regular off-vertical reflections
from irregularities in the iso-tonic surlaces und not
due to the scattering. The characteristies of tropical
spread-F are very different [rom those ol equatoriul
spread-F shown in Fig. 5.

The 1onograms at Huancayo and Bogota for the
month of April 1958 were examined for the oceur-
rence of spread-F and three sets of days were selected:
(1) no spread-F at Huancayo or Bogota, (1) spread-F
seen at Huancayo only and (iii) spread-F seen both at
Huancayo and Bogotu. Number ol days in the three
groups were 19, 5 und 6, respectively. The meun
variations of /'F at Huancayo and of fF2 at Huan-
cayo und Bogota for the three sets of days are shown
in Fig. 7. Spread-F at Bogota was seen only on nights
when strong spread-F was present at Huancayo. The
increase of 7'F in the evening was small (peak value
about 375 kmat 1900 hes LT) on mghts with absence
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Fig, 5—Typmeal wonograms ot Huancayo on 27, 28 and 29 L, 1958
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of spread-F at both Huancayo and Bogota. On nights
when spread-F was present at Huancayo or both at
Huancayo and Bogota, there was rapid rise of F-layer
with peak /°F value reaching about 475 km at 2000
hrs LT, The rate of increase in /i'F between 1800 and
1900 hrs LT is, however, different for the three sets of
duys. The vertical uplifts of the F-layer in this period
are 42 m/s on days with spread-F at both Huncayo
and Bogota, 30 m/s on days with spread-F at Huan-
cavo only and 21 m/s on days with no spread-F at the
Lwo stations.,

The variations of” f,F2 show that on nights with
spread-F absent at both the stations, values at Huun-

APRIL-1958

\
"\
N, HUANCAYO \.\

Ty mreae

CRITICAL FREQUENCY of F; LAYER, MHz

10 |-
8
= o—=0 5pF p:esen' at

B HUN and BOG
;‘. 500 |——— *===X 5p-F presenl at
B HUN only
) e—-—o 5p-F absen! at
9‘ ’ both stations
=
= 400 r \ o ]
<
z HUANCAYO
= 300
-
= =4
< S2F) BT RS
= 20018 21 00 03
-~

TIME, hrs 75" W

Fig, 7—Temporal variations ol AF w Huaneayo and 0172
Huancayo and Bogota averiaged Tor three set of days ol Apiril
1958, namely (1) spread-F absent at both stations, (i) spread-1-
present only at Huaneaiyo and (i) spread-1°7 prasent ar both st
tions (The number ol days in each group are alse indicated )

cayo were unusually high and at Bogota unusually
low, suggesting o weak ionization anomaly on those
evenings. The values of fF2 were Tower on nights
with spread-F at Huancayo and sull lower on nights
with spread-F at both stations. There were abnormally
large values of f,F2 a1 Bogota when spread-F was ob-
served at Huancayo or at both Huancayo and Bogota.
The f,F2 at Huancayo shows a faster decrease rom
1800 10 2000 hrs LT on days of spread-F at both the
locations than on days with spread-F at Huancayo
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only. Nelson er al™’ showed that changes of I'F at
Fortaleza and Cachoerra Pauhista for the equinoctial
months did not show significant differences i the
varianons on nights when spread-F was seen only at
equatorial station or at both the equatorial and tropical

latitude station. This suggests that the feeble rise of

I does not promote the growth of spread-F at fow
latitudes. Further, the large rise of /'F with decrease
ol fu1F2 at Huancayo and increase at Bogota is associ-
ated with spread-F at equatorial or at both equatorial
and tropical latitudes.

The ratio of /,F2 at Bogota to that at Huancayo for
the three set of days during April 1958 is shown n
Fig. 8, For days with spread-F absent at both Huan-

cuyo and Bogota the ratio increases from a value of

LIS at 1800 his LT to 148 at 2200 hrs LT and de-

creases o about 115 at 0300 hrs LT. However, lor

days with spread-F present both at Huancayo and Bo-
cota the value inereases from 1.36 at 1800 hrs LT o
more than 2.20 at 2000 and 2100 hrs LT and then de-

creases steadily to 115 @t 0300 hrs LT, The values for

the days with spread-F only at Huancayo show almost
similur pattern, but the peak value of 2.35 uppears
2100 hrs LT, Thus, while the ratio of /. F2 does nol
show much vartation from 1900 to 2300 hrs LT on
days with no spread-F, it increases rapidly between
1900 and 2100 hrs LT on days with spread-F at both

the stations or at Huancayo only. Thus, the rate ol
chunge ol this ratio can be vsed to predict the onset of

spread-F at Huancayo.
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Fig. X—Temporal vartations of the ratio ol £,F2 at Bogota o that
at Huancayo Tor three set ol days, e (1) spreasd-F absent at both
stations, (i) spread-F present only ot Huancayo and (i) spread-1-
present at both statons (Number ol days mocach group are also
mdicated,)

The ionograms recorded at both the stations were
examined on nights with spread-F at Huancayo only
or it both the stations. In Fig. 9 are shown [ew 10n0-
grams al Huancayo and Bogota on the nights when
spread-F is seen only at Huancayo or at both Huun-
ciayo and Bogota. On the nights when spread-F echoes
are absent at Bogota (8 and 16 Apr. 1958) weak scat-
ter echoes are seen at lower frequency end of the
ionograms. The A'F traces at higher frequencies were
limited to the lower portion ol the F-region and the
bubble had not risen to the top of the F-region even
though there was an increase of A'F, On 12 and 13
Apr. 1958 spread echoes at Bogota were recorded s
additional truces ahove first order A'F trace und the
critical frequencies were identifiuble with reasonable
accuracy. The corresponding 1onograms at Huancayo
showed intense range spreading with number of scul-
tering layers at different altitudes and the normal 4'F
truce was completely obliterated. The irregularities
covered the whole of the F-region at these times.

3 Discussion

The day-to-day variability ol equatorial spread-F s
still not understood completely. Comparative studies
ol several wnospheric parameters have been made in
the past to differentiate the patterns on spread-F and
non-spread-F days. Chandra and Rastogi™ showed
from measurements at Thumba that the spread-I days
were marked by later reversal of the F-region drifis in
the post-sunset period and higher rise ol F-laver.
Similar results were later reported (rom drilt meas-
urements at Tiruchirapalli™’. Rapid soundings from
SHAR during the equatorial spread-F campaign of
October 1988 also revealed that the Taer reversal of
the electrie field as determined from and higher nise of
F-layer were ussoctated with spread-I- days. The |-
layer rose to over 400 km on spread-F days and 1o
300-320 km on non-spread-F days.

From the true height analysis of ionograms at Ah-
medabad, Waltair and Kodaikapal™ it was shown 1
the ratio of electron density over Ahmedabad 1o that
over Waltair for altitudes 270 km and 300 km show
sudden enhancement (factor of 8-32) from 1800 hrs
LT on days with spread-F present. The enhancements
in the ratio of f,F2 shown in the present work come
oul 1o be between 5 and 6 when translated into the
ratio of the maximum electron density.

Sridharan er al.™ from the bi-
directional 630 nm day glow measurements made
from Waltair that the ratio of the intensity along the

have shown
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SPREAD-F AT EQUATORIAL & TROPICAL STATIONS
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direction pointing to north to that along the direction
pomnting to south is a good precursor to predict
spread-I. Predictions were successfully made 3 h
prior 1o its onset as seen in the ionograms for rocket
Might'" during spread-F. Recently there have been
sonie detailed studies on the day-to-day variability in
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Pypieal wonogrmms at Hwmeayo and Bogota on the nights when spread=F is scen only at Huancayo or at both Huancayo and

equatorial spread-F in the American sector, Mendillo
et al.” have reported results from Multi-Instrumented
Studies  of  Equatorial  Thermospheric  Aeronomy
(MISETA) campaign ol September 1998, The cam-
paign nvolved neutral wind measurements from high-
resolution Fabry-Perot interferometer (630 nm). all
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sky optical images at 630 nm and GPS observations
ol phase fluctuations (ESEF activity) and total electron
content (Appleton anomaly). From the 8 nights of
dita the best available precursor for pre-midnight ESF
appeared 1o be the strength of the Appleton anomuly
in TEC at sunset. On seven out of the 8 nights ESF
could be predicted from the anomaly strength. Val-
ladares e al." have compared the latitudinal profiles
of TEC from 6 GPS receivers in south America on
days of ESF and no-ESF (based on Jicamarca radar
and scintillation data) during the year 1998, Drastic
increases of crest values and sharp decreases near the
trough were seen on ESF days, On no-ESF days, there
exists almost uniform decreases in TEC at all lati-
tudes. The ESF events were characterized by high
crest 1o trough rato and small trough values.
Whalen" has studied the interrelation between equa-
torial bubbles and anomaly. An array of |1 iono-
sphenie sounders located near 75" W longitude meas-
ured datitudinal profiles of N, F2 for a period of 30
days during equinox of solar maximum. Out of the 30
continuous days ol observations 7 days were with
macroscopic bubbles at anomaly with bottomside
spread-F (BSSF) at equator. On 10 days, strong BSSF
wits seen at equator, but macroscopic bubbles were
not seen (lesser bubbles could have occurred). On 6
duys, weak BSSF was seen with no bubbles, while on
7 days no BSSF or bubbles could be detected. Crest
latitude, crest electron density and poleward extent
(therefore, the integrated electron density ol profiles)
all decrease in the order of decreasing spread-F. At
2100 hrs LT, the time of highest latitude ol anomaly,
crest latitude and magnitude show a linear relation
above a threshold of 38x107 el/em' and 154" dip
latitude. This corresponds to a maximum drift velo-
city of 50 m/s. For all cases of strong BSSF and mac-
roscopic bubbles the threshold limit of the vertical
drift of 50 m/s was noted. These results are consistent
with the observations reported here and further
strengthen the role of the electrodynamics and ioniza-
tion anomaly in the onset of ESIF.

Thus. there are several parameters which can be
used to predict onset ol spread-F in the equatorial re-
gion. True height analysis of ionograms is rather in-
volved and not casily accomplished. However, fF2
and M'F are scaled automatically from modemn 1o-
nosondes and data from 2-3 locations can easily be
analysed for prediction purpose. Currently a chain of
six digital ionosondes is available in India and a study
o examine the feasibility of F-layer parameters to

predict spread-F both in the equatorial and anomaly
crest region is desirable.

4 Conclusions

It is concluded that the rapid lifting of the F-layer
at the equator and strong anomaly are necessary con-
ditions for the generation of spread-F at equaorial
latitudes. For the high solar activity pertod the thresh-
old for the #'F value during April is shown 1o be more
than 400 km for American longitude sector. Vertical
drift velocities (during 1800-1900 hrs LT) on days
with spread-F both at Huncayo and Bogotad (crest). on
days with spread-F at Huancayo only and on days
with no-spread-F were 42 m/s, 30 m/s and 21 mi/s,
respectively. The ratio of f,F2 at Bogota to that at
Huancayo also shows sudden intensification around
1900 hrs LT on ESF days (reaching a peak value ol
about 2.5 around 2000-2100 hrs LT as compared 1o
1.5 on non-ESF days).
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