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ABSTRACT

This thesis presents a study of ionospheric height fluctuation in the F-layer, which has the
most irregularity of electron density in the ionosphere, in Thailand by using the ionosonde. The
measurement location is at Chumphon campus of King Mongkut’s Institute of Technology
Ladkrabang: longitude 99.3 °E and latitude 10.7 °N. Obtained ionograms are then analyzed to
determine equatorial spread-F and related parameters such as height (h’F) and critical frequency
(foF2). The data are collected from 2004 to 2005 for comparison of all parameters. The results
show that Spread F only occurs at night time after sunset and finishes before sunrise. The

irregularities of all parameters are more evident during equinox period.
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ABSTRACT

This paper presents a study of ionospheric height
fluctuation in the F-layer, which has the most irregularity
of electron density in the ionosphere, in Thailand by using
the ionosonde. The measurement location is at Chumphon
campus of King Mongkut’s Institute of Technology
Ladkrabang: longitude 99.3 °E and latitude 10.7 °N.
Obtained ionograms are then analyzed to determine
equatorial spread-F and related parameters such as height
(h’F) and critical frequency (foF2). The data are collected
during the first 6 month of 2005. The results show that
Spread F only occurs at night time and has the highest
frequency in February and March, similar to the
occurrence of amplitude scintillation in the ionosphere.

KEY WORDS
Tonospheric Height, Iono
Equatorial spread-F

gram, Ctitical frequency, and

1. Introduction

Satellite communication plays an important role in daily
life such as in data transmission, weather forecasting and
others. An impediment is, however, the signal distortion
due to wave propagation through the troposphere and
ionosphere. It is well known [1] that the irregularity in
the ionosphere can be studied from parameters such as
the height change and critical frequency of the F-layer.,
The ionosphere, approximately 50-2000 kilometers
above the earth surface, contains the oxygen which
ionizes resulting into free electrons and ions. The
ionization level differs depending on the time and height
of the ionosphere. Three layers in the ionosphere are the
D-layer, E-layer, and F-layer as shown in Fig. 1. The F-
layer can also be divided into F1 and F2 layers. They
result in ionospheric irregularity which causes distortion
in the signals going through the ionosphere. The
phenomenon occurs mostly at night with short duration
of less than an hour long. Previous work [2] studies the
height change of the Ionosphere at Chumpon campus as
well, but in this paper, we analyze the occurrence of the
Spread F phenomenon in relation with the height change.
In Section II, we review the ionosonde measurement and
spread F. The measurement setup is described in Section
11, followed by Results and Discussions in Section 1V,
Finally, in Section V, we conclude this article,

2. Measurement By Ionosonde and Spread F

The measurement using the ionosonde records the time
delay of the transmitted signal, orthogonal to the
horizonal plane of the electron density. The measured
values vary by the reflection points of the ionosphere. The
ionogram can then be obtained from such time delay as
shown in Fig. 3. The horizontal axis is the frequency of
the transmitted signal in MHz and the vertical axis shows
the height in kilometers. The curves on the left hand side
show the reflection of the pilot signals from mostly the E
and F layes. It can be observed that ionosphere lets radio
signals go through at certain frequencies only. The
yellowish vertical shades are due to the background noise.
Consider the lower curve, on the right tip separates into
two smaller curves. The phenomenon called Spread F is
the result of irregularity in the ionosphere, ie.,
fluctuation of electron density. The severity of the
structure of the ionosphere, in general, follows the
equatorial magnetic lines of the earth (latitude of 15-10°)

i.e., more fluctuation occurs near the e
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Fig. 1. Classification of the regions in the ionosphere



"//‘f Satellite signal

/ll
i

Earth surface

Fig. 2. Signal propagation through electron irregularity in the
ionosphere.

Each transmitted frequency corresponds to different
wavelength, and hence, different refraction index. Not all
frequencies will penetrate the ionosphere, thus, the
maximum frequency which reflects from the ionosphere
can be extraced. The height of the ionosphere can also be
computed from the total roundtrip time of the transmitted
signal to the ionosonde.

att 25 dB Rx1
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S 20 25
Chumphen 2005/01/03 14:30:00 MHz

Fig.3. lonograms obtained from the ionosonde
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Fig. 4. The Source of Spread F
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3. Experimental Setup

The ionospheric monitoring station is located at
longitude 99.3°E and latitude 10.7°N at the Chumpon
campus of King Mongkut’s Institute of Technology
Ladkrabang (KMITL), 500 km south of Bangkok in
Chumpon province. The equipment is setup to monitor
the height fluctuation of the ionosphere. The
measurement system consists of FM/CW Ionosonde, PCs
for data collection and analysis. The data are then
automatically uploaded to Bangkok campus of KMITL.

The ionosonde transmits the signal of radio frequency in
the range of 2-30 MHz as illustrated in Fig. 5. For each
round. the transmitted starts from 2 MHz and increases
the frequency with an increment of 100 KHz each second
until 30 MHz is reached. The new round of data
collection starts at every 15 minutes.

Ienosphore ogilari

2-30 MHz

Fig. 5. Equipment setup at the Ionospheric height monitoring station,
located Chumpon campus (99.3°E, 10.7 °N)

4.Measurement Results and Discussions

The data is collected during a period of 6 months from
Junuary 2005 to June 2005. The curves appearing on the
ionograms come in many patterns, each represents
different scenarios in the ionosphere. One can extract
various parameters with observation of the ionogram and
the use of manual on hand. Here, we are most interested
in 2 parameters: Height of F-layer (h’F) and Critical
frequency (foF2). We observe that the changes of height
of F layer occurs at high level during night time as shown
in Fig. 6. For example, on February 7, 2005, the
maximum h’F is 368 km and lowest at 200 km between
07.00 hr — 06.45 hr of the next day. Note that on the
graph, some points are missing and show the height of 0
km because of lack of data. The reasons for this are due
to many factors, for example, glitch in the ionosonde and
during before sunrise, all frequencies will penetrate the
ionosphere. In addition, the layer before F layer
occasionally blocks all the frequencies before the signals
reaches the F layer.



The Spread F phenomenon occurs when a drastic change
of WF appears on the ionogram. On some days, the
parameter h’F rarely changes, on others, h’F moves up
higher than normal and when followed by a drastic drop
of height, the Spread F then occurs. The comparison can
be seen in Fig. 6 and Fig. 7.

Height (km)

b Sp-F (7/2/48)

| c&8s8a8338 88 88¢8¢

Fig. 6. Height of F-layer and Spread F on 7/2/2005
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Fig. 7. Height of F-layer and non-Spread F on 10/2/2005
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Fig. 8. The frequency of occuurence of Spread F from
January - June 2005
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The occurrence of Spread F during the period of 6 months
are shown in Fig. 8. The maximum amount of Spread F
occurs is 9 times in March, followed by February. The
minimum amount of Spread F occurs in January. No
Spread F occurs at all in June.

It can be implied that higher average h’F leads to more
occurrences of Spread F. The months with low average
W’F may thus not see the Spread F at all. In addition,
Spread F appears at night only as seen in Fig. 9.

Number of times

c—a—mm-hu-m--qcu

Fig. 9. The total occurrences of Spread F as seen during night time from
Jauary - June 2005

5.Conclusions

In this paper, we have analyzed the occurrences of Spread
F using the ionosonde located at Chumpon campus of
KMITL, south of Bangkok. The data collection is from
January to June 1005. The height of F layer drastically
changes in February and March, Spread F only occurs at
night time which is the similar period which amplitude
scintillation occurs. This point, however, needs to be
confirmed with measured data. As for future work, we
aim to collect more data of both phenomena from the
same location and establish the - relationship between
amplitude scintillation and Spread F phenomenon.
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