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DETAILS OF EXPERIMENTAL TECHNIQUES 

2.1  INTRODUCTION  

 Radio probing of Earth’s environmental envelope ionosphere, started with the 

experiments of Marconi in 1902, and in 1925 with the “frequency change” 

experiments of Appleton and Barnett. These were the first examples of remote 

sensing of the ionosphere. Later, other approaches were developed, which includes 

direct sensing, indirect sensing and remote sensing. Ground based instruments, for 

instance, ionosonde (up to hmaxF2), incoherent scatter radar (up to 10,000 km), HF 

Doppler radar, coherent backscatter radar, optical experiments etc., come under the 

remote sensing techniques of the ionosphere. Among these, vertical radio sounding of 

the ionosphere using ionosonde is the oldest and most versatile technique. 

Understanding of the ionosphere by means of different experimental techniques is still 

having greater use as there is an increasing necessity to study the causes of space 

weather and to be able to forecast it exactly. There is even greater need to understand 

the variations in ionosphere as it affects the accuracy of space-based Global 

Positioning System (GPS).  

As it is difficult for global coverage to obtain from the above ground-based 

remote sensing observations, primarily due to fact that the field-of-views (FOV) and 

the number of its observational locations are restricted. Though the measurements 

provided by the satellite can cover all longitude regions, by the fixed observational 

areas on the Earth. A relatively new observational technique that can cover a large 

number of longitudes is ground-based GPS receivers as the number of those receivers 

has been increased by several folds. A few reputed international organizations, 

including International GNSS Service (IGS), Scripps Orbit Permanent Array Center 

(SOPAC) and the Japan Agency for Marine-Earth Science and Technology 

(JAMSTEC) have established a good number of ground-based GPS receivers (GPS 

network) that can provide more valuable observational data over large longitudinal 

areas. Ground-based receivers’ measure total electron content (TEC) continuously, 

however, with little lack of data particularly over oceanic regions. In this context, 

GPS radio occultation (GPS RO) technique has been recognized as one of reliable and 

powerful techniques that can provide a global database with relatively higher 

resolutions starting from the surface of the Earth to the satellite altitude (800 km) at 

low-Earth orbit (LEO). Several recent GPS RO techniques including GPS/MET, 
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CHAMP, SAC-C and COSMIC missions have contributed enormously to 

understanding several important features of Earth’s lower and upper atmosphere.  

The following section describes different remote sensing (ground and satellite-

based) experimental techniques to study the Earth’s ionosphere. 

 

2.2.  DIFFERENT TECHNIQUES FOR STUDYING THE IONOSPHERE 

2.2.1  Ionosonde 

The pulse sounding technique of Breit and Tuve (1925) is the nemesis for the 

sounding of the ionosphere, is still a basic tool of ionosphere research, which relies 

upon full wave reflection from ionospheric layers, and operates in the frequency range 

from ~1 to 30 MHz, known as ionosonde. Ionosonde is a type of radar, which 

transmits a signal vertically with frequency continuously sweeping from 1 to 20 MHz 

in 15s. The time delay of reflected signal as the frequency changes, is displayed on 

picture with virtual height (h’F) on the y-axis and operating frequency on x-axis, 

known as an Ionogram. However, radio wave will be reflected when its frequency ‘f’ 

is equal to the local plasma frequency ‘fp’ of the ionosphere (Kelley, 1989), provided  
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 where ne = number of electrons per cubic meter 

 e = Charge of electron 

 o� = Permittivity of the medium  

 me= Mass of the electron 

To a good approximation  Hznf p 9000�  

Since the peak plasma density in the ionosphere is few times 106 cm-3,  fp≤ 12 MHz. 

A radio wave propagating into the ionosphere plasma encounters a medium with 

refractive index (µ) (neglecting the collisions (z=0) and the geo-magnetic field (y=0)). 

From the fundamental Appleton- Hartree equation (Budden, 1985), it is provided that 
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fN �  Local plasma frequency in the ionosphere  

f    �   Radio wave frequency  

Ne �  Number density of electrons  

e �  Charge of electron 

m �  Mass of the electron  

o�  �  Permittivity of the medium 

The basic conditions below the ionosphere Ne= 0 but within the ionosphere 

Ne>0 and ‘μ’ becomes smaller. The energy carried by the radio wave is reflected back 

to the ground from the level where fN = f, i.e. where the plasma frequency equals the 

wave frequency and ‘μ‘= 0 

The electron density profile obtained from the formula for plasma frequency, 

putting in numerical values, can be written as 

fN 2 = 80.5 Ne (cm-3)      (2.3) 

 Where        fN is in MHz. 

Normally peak electron densities of the ionospheric layers vary between 104 and 

106 ele/cm3 which corresponds to the plasma frequency range from 1 to 9 MHz. 

But in the presence of a magnetic field, the ionosphere will act as a doubly 

refracting medium, in which two modes of propagation exists known as ‘ordinary’ 

and extra-ordinary. For which the refractive index formula becomes      
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Where fH is the gyro-frequency of electron defined as natural frequency at 

which free electrons gyrates around the magnetic field lines. 

BLT is the component of the magnetic field in the longitudinal or perpendicular 

direction of the wave normal. 

Analysis of vertical electron distribution or N(h) profile from h’(F) curves or 

ionograms is not so easy because a radio pulse travels more slowly than light and 

which travels at the group velocity is given by  

g
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where '' gn  is the group refractive index while the phase refractive index ‘n’ related to 

n
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This implies that the phase velocity of radio waves in the ionosphere increases 

above the speed of light (i.e.) the velocity at which the energy propagates. 

Due to the group retardation of a radio wave in the ionosphere below the 

refraction level, the vertical height h’F marked on the assumption of a constant 

velocity throughout the ionosphere, is always too large 

i.e. h1> h and u < c0 

The group travel time by a radio wave is given by  
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where M1 is a function of h 

The virtual (h1) and the real heights (h) are connected by the following equation 

(Titheridge, 1985) 
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It is possible to obtain N(h) from the above equation and this method is known 

as true height analysis. But, in general, numerical model such as ‘POLAN’, developed 

by Titheridge, 1985 is proving to be very efficient method in the true height analysis. 
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Besides, ARTIST, a software system, proved to be very successful in the real height 

analysis of the high-latitude ionograms. 

2.2.2  Incoherent scatter radar (ISR) 

 The incoherent scatter radar technique was developed in the 1960s (Evans, 

1969), which relies on the principle that when the ionosphere sounded by a high 

frequency (~40 to 1300 MHz) radio wave, the return echo is very weak in its physical 

content, resulting from the scattering of individual electrons present in the ionosphere. 

The operation of the ISR resembles with ionosonde, however, the ionosonde yields 

information below the peak of the F-region, whereas an ISR yields the electron 

density profile up to 1000 km. The returned echo in the ISR systems is directly 

proportional to the electron concentration of the ionosphere. Indeed, ISR technique 

relies on the principle of the scattering of radio waves; due to the continuous thermal 

motions of electrons in the ionosphere, the process of scattering is popularly known as 

“Incoherent scattering” or “Thomson scattering”. Since the return echo of the radio 

wave is Doppler shifted from the incoherent frequency, it yields the velocities present 

in the medium, along with electron concentration, ion and electron temperatures. As 

the ISR facilities are expensive compared with an ionosonde, only a few have been 

built over the world. Among these, the most modern are the European Incoherent 

Scatter (EISCAT) facility developed in Scandinavia, Tromso, Norway that operates at 

224/993 MHz frequency. 

 

2.2.3  Satellite measurements of the ionosphere 

A new era in ionospheric research began with the launching of the artificial 

Earth satellite Sputnik – I in 1957.  Although measurements of ionospheric 

parameters were made from Faraday fading of moon echoes by Dewitt and Stodola 

through their pioneering experiment in 1949 later, moon-bounce experiment using a 

transmitter at Radio Australia in 1957, provided first direct 12 hour electron content 

measurements. After Sputnik – I, numerous artificial satellites have been launched 

with on board Radio Beacon (RB) signal, for research, communication, navigation 

and other purposes. Between the years 1960 and 1965, a series of high-drag satellites 

were launched, whose orbital decay showed that the extent of the atmosphere was far 

beyond what was speculated at that time. Ionospheric research using satellite beacon 
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began in India when the first satellite beacon receiving system was set up, in early 

1962 at the National Physical Laboratory, New Delhi, to receive the 20 MHz signal 

from the Russian orbiting satellite, COSMOS-V. 

In 1962, the US-Canadian Aloutte-I was put into the orbit, followed by Aloutte-

2, ISIS 1 and 2. These satellites carried topside sounders. NASA (National 

Aeronautical and Space Administration, USA) designed a series of satellites known as 

an Atmosphere Explorer (AE) satellite based on the orbital limitations in time and 

space of a single satellite. These satellites were operated in complementary orbits 

from 1974 to 1981. The AE-C, -D and –E satellites carried on board with extensive 

instruments were used to measure the atmospheric composition and energy inputs. 

The Dynamic Explorer (DE) launched in 1981, enabled scientists to look at the 

coupling between the thermosphere, the ionosphere and the magnetosphere. Aeros, 

OGO 6 (Orbiting Geophysical Observatory), Navy Navigation Satellite System (now 

calling as a Navy Ionospheric Monitoring System, NIMS), Defense Meteorological 

Satellite Program (DMSP), Republic of China Satellite (ROCSAT-1), Cicada, 

HINOTORI and SROSS C2 (Stretched Rohini Satellite Series C) are some of the 

other satellite systems, which helped in enhancing our knowledge of the ionosphere 

tremendously. 

 

2.2.4  Optical measurements of the ionosphere  

The measurement of airglow line intensity at some specific wavelengths using a 

conventional zenith intensity photometer offers the unique possibility of remotely 

sounding the upper atmosphere. Most of the observational data on airglow have been 

obtained from ground-based detectors, at night or twilight. The ground-based 

detectors comprise conventional photometers of zenith and scanning, all sky optical 

imaging systems, Fabry-Perot interferometers, recently developed ‘High Throughput 

Imaging Echelle Spectrograph (HiTIES) by Pallamraju et al. (2001), in Boston 

University, USA which is capable of making simultaneous measurements at different 

wavelengths in the visible spectrum. The optical techniques have become very 

important in the past four to five decades as they are conceptually different from the 

ionospheric radio wave techniques, which have been profusely used for more than a 

century and convey scientific information on the upper atmosphere. However, they 

often complement each other and form very important diagnostic tools for ionospheric 
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research. The only ground based instrument capable of measuring the nighttime F-

region neutral winds and temperatures is the Fabry-Perot interferometer (FPI). 

 

2.3   DIGITAL IONOSONDE (IPS- 42) AT WALTAIR 

 The Digital ionosonde system (KEL Aerospace Pvt. Ltd., Australia) installed 

at Waltair in the year of 1989, consists of an IPS- 42 ionosonde and a DBD- 43 

system (Fig. 2.1) dedicated to the IPS- 42 with pre-programmed software, a double 

delta antenna and hard copy printer (Epson). The IPS-42 consists of a transmitter, 

receiver and all necessary sub-systems. The DBD-43 is used for controlling the 

operational program of IPS-42 (i.e.) to store and scale the ionograms and to give 

commands for the printouts. In addition, a 16 mm film camera can be attached to the 

IPS-42 to record the ionograms. 

 The general purpose of the equipment IPS-42 is to sound the ionosphere at 

regular intervals by the pulse-echo technique at vertical incidence and to plot the 

relationship of the virtual height to the frequency of reflection. The block diagram is 

shown in Fig. 2.1c and its specifications are given in Table 2.1. The instrument is 

largely of solid state and is a swept-frequency ionosonde. It employs a digital 

frequency synthesizer and digital programming, control, signal processing and display 

techniques. With this system, the operating frequency of a pulsed transmitter varies 

over the range from 1 to 22.6 MHz. The resulting echoes from the ionosphere are then 

detected by a receiver tuned, automatically, to the same frequency as the transmitter. 

The echoes received are processed to remove noise and interference and are displayed 

on a cathode ray tube (CRT) along with a graticule indicating virtual height along the 

y-axis (linear scale) and frequency along the x-axis (log scale). In the IPS- 42 

ionosonde, the ionogram is slowly ‘written’ on the face of the CRT by scanning 

process. The complete ionogram, including the graticule and numerals is written on 

the CRT. Then the ionogram is stored by recording on a magnetic tape and/or 

photographed. A brief description of the various sub-systems of the KEL ionosonde is 

given in the following sections. 
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Fig. 2.1 (a) KEL Digital Ionosonde System at Waltair (b) Double Delta Antenna 

 



37 
 

Table – 2.1 IPS –42 Transportable vertical incidence ionosonde 

Frequency Range 1 to 22.6 MHz 

Frequency Generation  Digital Synthesizer  

Number of Channels 576 

Frequency Sweep     

Configuration 
Logarithmic  

Frequency Sweep Time  12 seconds 

Transmitter Pulse Power  5 KW nominal and variable  

Transmitter Pulse width  41.67 s 

Pulse Interval  5.33 ms, three on each frequency channel 

Maximum virtual Height  

Range  
800 km 

Height marks interval 100 km 

Frequency markers  Ten equally spaced markers at 1.0, 1.4, 2.0,  

  2.8, 4.0, 5.6, 8.0, 11.3, 16.0, 22.6 MHz 

Date / Time / Identification 8-segment digital numerals ‘written’ on 

 Ionogram 

Programming  

Four manually selected automatic programs 

1 each 15 min. 

1 each 1 min. 

and 3 per min. 

The optional preset programmer provides  

selectable variations of above intervals  
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Fig.2.1c The system block diagram of DBD-43 

 

2.3.1  Frequency synthesizer 

 The frequency synthesizer is controlled by a 10-bit binary number which steps 

the output through 576 channels increasing logarithmically in frequency with each 

step. The synthesizer provides two outputs, one to drive the transmitter and the other 

as the first converted signal for the receiver, which determine the operating frequency 

of the ionosonde. In addition, the synthesizer may be normally set to any of the 576 

channels, for single frequency soundings, by setting a group of ten front panel 

switches. 
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2.3.2  The Receiver 

The receiver is a triple-conversion design employing intermediate frequencies of 

70 MHz, 10.7 MHz and 1.6 MHz respectively. The block diagram of the receiver is 

shown in Fig 2.2. The receiver bandwidth of 25 KHz is obtained in the 1.6 MHz 

intermediate frequency stage, which employs L- C circuits to achieve the narrow 

bandwidth with steep skirt selectivity. The overall gain of the receiver is about 90dB. 

Balanced diode mixers are employed for their large signal-handling capability and 

reduce spurious responses. The antenna signals are fed to the first mixture stage. The 

first mixture conversion frequency is derived from the VFO, while the second and 

third mixtures have associated crystal oscillator on 59.3 and 9.1 MHz respectively. 

The third intermediate frequency amplifier output is further amplified by the log 

amplifier. This provides a log output of the echo amplitude, which can be easily seen 

on an A-scan mode. This signal is further processed by a comparator circuit to 

provide a clean TTL signal for ionogram display during a sounding. 

 

2.3.3  The Transmitter 

 The transmitter employs a solid-state, pulsed, wideband amplifier to drive the 

power amplifier. The following block diagram schematically represents the 

transmitter (Figure 2.3). There are four sections in the transmitter assembly.  

a) The power supply: This provides high tension, bias and EHT voltages derived 

from 24 V DC via an inverter. 

b) The Pulser: This provides 500 V, 40 µs pulses for the power amplifier tube 

(screen grids) from the transmit pulse produced by the operational clock. 

c) The Driver: This amplifies the low level pulsed RF output of the frequency 

synthesizer to drag the power amplifier.  

d) d) The Power amplifier: This amplifies the output of the driver to about 5 KW 

peak pulse output using four vacuum tube stages. This allows a low EHT to be 

used and 1.5 KV is supplied to the anodes, the screen being pulsed with 500 

V, 40µs pulses in the synthesizer with the driver. 
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The power amplifier output is designed to match 50 ohms co-axial cable, used 

for the antenna transmission line, and a standard (N-type) connector is mounted on the 

back panel of the transmitter chassis. The transmitted pulse, from the operational 

clock, simultaneously trigger the frequency synthesizer RF output, transmitter driver 

and the power amplifier via pulses. 

 

2.3.4  DBD- 43 

The below Figure 2.4 represents the block diagram of the DBD-43 and its 

specifications are given in the Table 2. 2. The DBD-43 completely operates on the 

standard software program and it produces data, which can be simply plotted as a high 

resolution ionogram. DBD-43 consists of 16-digit keypad on its front panel, which is 

used first to operate the system and gives the provision to use the external ASCII 

keyboard. By using the optical software package, recorded ionograms can be scaled 

for different parameters and all these details are recorded onto the magnetic tape. The 

printer interface to the DBD-43 is Epson-1000 model.  
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Table – 2.2 DBD-43 Digital Add-on System 

 

Microprocessor Software 8-Bit, 6502. Operating at 1.5MHz. Machine 
code in R.O.M includes Ionogram recording, 
display, tape movement, diagnostics, and serial 
output. 

R.O.M. 82K Bytes, expandable. 

R.A.M. 1 x 96K byte static R.A.M. Card. (Expandable) 

Real Time Clock Crystal Controlled, with battery backup. 

Video Display  High Resolution (256 x 576), green phosphor 
(12cm). The video card has extra 18K Bytes of 
R.A.M. 

Data Storage  20M Byte ¼" serial tape storage unit.  4 
Tracks. 6400 BPI.  Uses standard 600 ft data 
cartridges.  Fully software controlled. Stores 
up to 3000 tertiary or 500 secondary 
ionograms. 

External Interfaces  IPS-42 ionosonde, External video monitor, 
keyboard, 1 parallel and 2 x RS-232 25-pin 
serial ports. 

Controls Complete control is achievable with the 

keypad, using DBD-43. For remote control, for 

writing data into records, and for scaling an 

optional modular keyboard is necessary. 

RFI Environment  The DBD-43 is used to operate both the 

normal IPS-42 Transmitter with no 

interference under normal standard operating 

conditions.  

Power Supply Mains Operated can be set at 95 to130VAC or 

190 to 260V AC suited to 50 or 60Hz 

Cabinet Dimensions Actual 

weight, shipping weight 

H = 320mm, W = 500mm, D = 550mm 30kg 

(661bs) Approx. 

63 kg (1391bs) Approx. 
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2.3.5  The Antenna system 

 Two vertical delta antennas are used, one for the transmitter and another for 

the receiver, and the configuration of which is shown in Fig. 2.5. Each antenna 

consists of a large triangle loop of wire, supported at the apex. The two antennae are 

mounted orthogonally to each other to reduce the coupling between the two. The feed 

point is provided at the center of the base of the loop. A 600 � terminating resistor is 

inserted in series with the loop at the apex, so that the condition of proper impedance 

is satisfied by that efficient power transfer will be done. A high-watt terminating 

resistor is used for the transmitting antenna. 

 The IPS-42 ionosonde is designed for low impedance, unbalanced receiver 

input and transmitter output and the co-axial cable feed lines to each antenna. This is 

to avoid problems with transmitter feed line radiation being coupled back into the 

receiver and the digital circuitry in the instrument, which is susceptible to RF 

interference and damage. The vertical delta antenna has an average feed point 

impedance of about 600 � and is required at balanced feed lines. A balun transformer 

is used to transfer the antenna feed point impedance to 50 � for the co-axial cable 

feed line, and converts the unbalanced cable impedance to the balanced configuration 

to suit to the antenna feed point characteristics. The delta antenna that is presently 

using consists of 90 ft vertical towers with a base line of 169 ft for the horizontal feed 

lines. 
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Fig. 2.5 Schematic diagram of the antenna system used with the digital Ionosonde at 
Waltair 
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2.4  DESCRIPTION OF THE SCINTILLATION RECORDING SYSTEM 

Irregularities of electron density in the ionosphere are being studied by 

recording the amplitude fluctuations of the radio signals propagating through the 

ionosphere. To make these measurements, a reliable space-borne source in the radio 

frequency band is needed. Telemetry transmitters on board the geostationary satellites 

are the best sources available to make these measurements. Scintillation 

measurements using geostationary satellites are very popular, because they can be 

made with simple and inexpensive receiving equipment particularly in the VHF and 

UHF bands. Knowledge of ionospheric scintillation phenomenon is vitally important 

in determining the signal fade margins in trans-ionospheric communication links. 

 

 

Fig. 2.6 Block diagram of VHF and L-band Scintillation Digital Data Acquisition 
System 

 
Scintillation measurements are continuously being made at Waltair using the 

VHF frequency of 244 MHz by recording the signals of the FLEETSAT (730E) 

satellite since September 1983. The recording of the ionospheric scintillations at 244 

MHz signal transmitted by FLEETSAT satellite is comprised of a high gain Yagi 

antenna, an ICOM communications receiver, and a strip chart recorder. The block 
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diagram of the 244 MHz receiving system described above is shown in Figure 2.6. 

The general features and the technical details of the satellite and a detailed description 

of the receiving system are given in the following sections. 

 

2.4.1  Features of the Satellite 

 An American navigation satellite by name FLEETSAT was launched in 1978. 

Four synchronous-orbit spacecrafts (FLEETSAT COM) provide the channel 

capabilities with almost full Earth coverage. The locations of the spacecrafts along the 

appropriate equatorial points give overlapping coverage of the continent of the United 

States, Atlantic Ocean, Pacific Ocean and Indian Ocean areas. The UHF and C-band 

antenna on board the spacecraft are designed to have a full line of sight coverage to 

the Earth’s horizon. The spacecraft is three axes stabilized by the body fixed antenna 

pointing at the Earth and the solar cell array tracking of the sun. The ground command 

station maintains the spacecraft within 10 of its operational longitude. The transmitted 

power per channel is 16.5 dB watts. 

 

2.4.2 Receiving Antenna System 

 The type of antenna used in the communication links depends mainly on the 

frequency of operation. In the present case, the signal transmitted by the FLEETSAT 

satellite is at 244 MHz and the free space loss suffered by the signal is large and 

hence a high gain antenna is essential on the front-end to obtain good quality data of 

scintillation. Long 12- element Yagi antenna (Figure 2.7) is designed for this purpose 

with an operating center frequency of 244 MHz. The length of the antenna is chosen 

to be about 3 wavelengths of the operating frequency to obtain a gain of 15 dB. The 

lengths of the elements are adjusted to obtain maximum resonance at the operating 

frequency of 244 MHz. This antenna consists bridged T-match as the driven element, 

one reflector and 10 directors.  The beam width of the antenna is about 250. The 

impedance is 200 � and is converted by a balun to an output impedance of 50 �. The 

elevation and azimuth angles of the antenna directed towards the FLEETSAT satellite 

(730 E longitude) are 680 and 2050 respectively. The dimensions of the antenna and 

the driven element are shown in Figure 2.7. 
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The IC-R 7000 incorporates a total of six separate scanning functions for easy 

access to a wide range of frequencies. 
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2.4.3  ICOM communications receiver, IC-R 7000 

The IC-R 7000 is the most sophisticated communications receiver from ICOM 

designed for a wide variety of users, covering HF, VHF and UHF bands all in one 

single, compact unit. The IC-R 7000 also comes installed with a crystal converter that 

makes Amateur radio reception possible in the entire 1240 to 1300 MHz frequency 

range. The IC-R 7000 incorporates an AM mode, an FM mode using both wide and 

narrow filters, and an SSB mode that offers both LSB and USB selection, making a 

wide variety of reception possible. A total of 99 memory channels is available in the 

IC-R 7000 for convenient storage of both received frequencies and the reception 

modes. VFO operations are possible when using any memory channel. The IC-R 7000 

not only has normal tuning capability with the front panel, it can also be shifted 

quickly to a desired frequency by using the keyboard to program frequency data. In 

addition, tuning pitch can be selected between the following frequencies: 100 Hz, 

1KHz, 5 KHz, 10 KHz, 12.5 KHz, and 25 KHz. 

� PRIORITY SCAN eliminates the need to channel searching by automatically 

monitoring program channels while listening to the main operating channel. 

� PROGRAMMED SCAN offers detailed coverage of a specific frequency 

range by repeatedly scanning it. 

� SELECTED MEMORY SCAN allows to continuously scan the favorite   

programmed memory channels. 

� SELECTED MODE MEMORY SCAN automatically monitors all memories, 

which contain programmed frequencies with a similar mode. 

� MEMORY CHANNEL SCAN repeatedly scans the entire 99-channel memory 

in sequence. 

� AUTO-WRITE MEMORY SCAN monitors the specified frequency range 

contained in PROGRAMMED SCAN and automatically writes any incoming 

signals within that frequency range to memory channels 80 through 99, the 

AUTO MEMORY WRITE AREA. 

 The Voice Scan Control (VSC) function in the IC- R 7000 permits to skip 

frequencies which are inaudible voice signals and it also helps in concentrating on 

those that are clear. Along with that, regular squelch capability, the IC-R 7000 embed 
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an S-meter squelch function for squelching all incoming signals to make them strong 

enough up to the level indicated by the S-meter. Incoming signals which are less than 

the S-meter reading may not be squelched. The technical specifications of the ICOM 

communications receiver, the IC-R 7000 are given in Table 2.3. 
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Table – 2.3 Specifications of ICOM communications receiver (IC-R 7000) 

 Receive frequency range Version Frequency Coverage 
(MHz) 

 USA and EUROPE 25 ~ 999.999 

 1025~1999.999 

 AUSTRALIA and 
FRANCE 

 25~ 999.999 

1025 ~ 1999.999 

Selectivity:         FM, AM                                  ±7. 5 kHz minimum at –6dB  
                            FM (narrow), AM (narrow)    ±3. 0 kHz minimum at –6dB  
                            FM (Wide)                              ±7.5 kHz minimum at –6dB  
                            SSB                                         ±1. 4 kHz minimum at –6dB  
  Squelch sensitivity                  :FM (Threshold):  Less than 0.2V for noise squelch 
 

                                              FM (Tight):  More than 32mV for meter squelch at 
                                                                                 S9+60dB 
                                                      SSB(Threshold):More than 3.0V for meter squelch 
 Spurious and image response:  More than 60 dB rejection  

 Frequency stability :                 25~999.999 MHz ±5ppm at 0
o
C~+50

o
C  

                                                     1240~1300MHz ± 10ppm at 0
o
C~+50

o
C  

 Receiver system:  25~999.999MHz  
                                         FM, AM, SSB Triple-conversion super heterodyne  
                                         FM (Wide) Double-conversion super heterodyne  
                                1240~1300MHz:  
                                         FM, AM,SSB Quadruple-conversion super heterodyne  
                                         FM (Wide) Triple-conversion super heterodyne  
 Intermediate frequencies : 25~ 512 MHz:  
                                                        1

st 
778.7MHz  

                                                        2
nd 

10.7MHz  
                                                        3

rd 
455 kHz excluding FM (wide) mode  

                                              512 ~ 999.999 MHz  
                                                        1

st 
266.7 MHz  

                                                        2
nd 

10.7 MHz  

                                                        3
rd 

455kHz excluding FM (wide) mode  

 Frequency control                   :  CPU based 100 Hz step digital PLL synthesizer 

 Number of memory channels : 99 channels  

Supply voltage                        : 117, 220 or 234V AC (50/60Hz)  
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Current drain                 :   Receiving 1.7 A at maximum audio output Squelched 1.4A 

Antenna impedance                 :     50 ohms  

Audio output                      :     More than 2.5W at 10% distortion with an 8 ohm load  

 Audio output impedance    :     4 ~ 8 ohms  

 Usable temperature             :    - 10
o
C ~ + 60

o
C  

 Dimensions                  :   286 (303) mm (W) x 110 (127) mm (H) x 276(319) mm (D)  
                                            Bracketed values include projections.  
 Weight                                 :   Approximately 8.0kg (excluding options)  

 

2.4.4 Recorder  

 The recorder used is an ADEPT made single channel strip chart recorder. The 

response time of the recorder is 0. 5 Sec and the impedance are 2.2 kilo-ohms. The 

strip chart recorder is having different speeds namely 10 cm/hr, 5 cm/hr, 10 cm/min 

and 5 cm/min. For the present study, the speed of the recorder is set at 10 cm/hr. The 

DC output from the receiver is given to the recorder for recording the amplitude 

changes in the incoming signal. The speed of the recorder can be adjusted depending 

on the requirement of the resolution of the data.  

 

2.5  RADIO OCCULTATION PRINCIPLE 

2.5.1  Brief introduction  

 The basic principle of occultation measurements is that an atmosphere acts as 

an optical device with an altitude dependent refractive index, n.  Indirect observations 

of n can be inverted to the atmospheric properties and including density, pressure, 

temperature and the amount of water vapor and ionospheric electron densities. As 

electromagnetic radiation passes through the atmosphere from a transmitter to a 

receiver, the non-unity refractive index of the air slows the signal, and the gradient of 

the refractive index affects the direction of the radiation. Knowing the exact position 

of the transmitter and receiver enables calculation of the refracted signal as a function 

of height. This can be inverted, e.g. through the Abel transform to an expression for 

the refractive index as a function of height.  

Using an equation that relates refractive index, temperature and pressure and 

assuming the ideal gas equation and hydrostatic equilibrium, profiles of the 

meteorological parameters including density, pressure and temperature can be derived. 
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Alternatively, the amount of water vapor in the atmosphere can be determined from 

models via assimilation of occultation measurements into an atmospheric model. In 

principle, the same refraction phenomenon is experienced with the GPS radio waves 

as with the sunlight at sunset: when we see the sunset, it is already below the horizon 

if a pure geometric consideration is made, because of the optical properties of the 

atmosphere we can look below the horizon. Since the early planetary missions, the 

ability of inverting limb soundings, which is also referred to as occupations, of 

planetary atmospheres and rings have been refined. The occultation method is one of 

the only methods of obtaining profiles of the atmosphere of the planets with a high 

vertical resolution without landing probes. The very first limb soundings were made 

as observations of stars fading as they were occulted by planets (e.g. (Elliot, 1979)). 

This occurs on a regular basis and is still observed. In stellar occultation the amplitude 

(strength) of the signal is measured, whereas in the GPS radio occultation method the 

phase of the signal is the main measurable. The first such radio occultation 

measurement was performed on Venus (Fjeldbo et al., 1971; Lipa and Tyler, 1979) 

and later on the other planets, including Mars (Kliore et al., 1972), Jupiter (Hinson 

and Tyler, 1982), Saturn (Lindal et al., 1985) and its rings (Marouf et al., 1986), 

Uranus (Lindal et al., 1987) and Neptune (Tyler et al., 1989; Lindal, 1992) and its 

moon Triton (Tyler et al., 1989). However, planets, including Mercury and Pluto have 

not been studied with RO techniques as they lack measurable (i.e., thick) atmospheres.   

The occultation method used in the planetary missions was realized to be 

applicable to Earth with the establishment of the Global Positioning System (GPS) 

(Parkinson and Spilker, 1996). The GPS consists of (at least) 24 satellites as shown in 

Figure 2.9, operated by the American military, continuously transmitting radio signals 

enabling position determination to within ≈ 10 m with off-the-shelf receivers and 

within centimeters for advanced receivers. The signals are transmitted at two 

frequencies (L1 = 1.57542 GHz and L2 = 1.2276 GHz, roughly corresponding to 

wavelengths of 19 cm and 24 cm), and carry coded information on satellite 

identification, time, position and status for each satellite, along with parameters for a 

simple ionospheric model used for correction of the signals. Several codings are used:  
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                                                                                    GPS Satellite (Block IIF) 

 

Fig.2.9 GPS Nominal Constellation showing 24 satellites in 6 orbital planes, 4 
satellites in each plane at 20,200 km altitudes, with 55 degrees inclination (Source: 

Wikipedia web) 
 

The civil C/A (coarse acquisition) which is on L1 and well known, the P1 on L1 which 

is military (i.e. not available for civil users) and P2 on L2 which is also military. In 

order to determine the position of a receiver (which is the main objective of the GPS) 

four or more satellites have to be observed simultaneously in order to constrain both 

position (three degrees of freedom) and time (one degree of freedom). The 24 GPS 

satellites are arranged in six orbital planes with an inclination of 550. This orbit 

configuration ensures that at all time, at least four (and often many more) satellites are 

visible from any position on Earth. As a result the receiver position can always be 

determined (if there is an open sky view). Fortunately the GPS signals are emitted at 

so wide angles that even satellites can make use of them.  

This is widely used for orbit determination. In January 1999 a third civil 

frequency was decided to enter the GPS system, being L5 = 1.17645 GHz (λ5 = 25.5 

cm) with just a little longer wavelength than L1 (Dierendonck and Hegarty, 2000). 

This frequency is added to the system to the next generation satellite, called Block IIF 

planned for launch from 2005.The standard retrieval of atmospheric parameters is 

basically as outlined above, only does the atmosphere of the Earth often contain a 

significant amount of water vapor below the tropopause.  
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This ambiguity is often solved by using additional temperature information from 

a global weather model (e.g. from ECMWF - European Centre for Medium-range 

Weather Forecast), enabling retrieval of the two partial pressures. Meteorological 

measurements from the GPS radio signals are not only obtained in an occultation 

setup with the receiver in orbit as shown in Figure 2.10, also ground based GPS 

receivers play an important role as they are cheaper and easier to maintain. 

Furthermore, the meteorological product is an additional benefit from receivers 

anyway installed for geologic/geodetic measurements. Unfortunately ground based 

receivers only deliver integrated values of the atmosphere between the GPS satellite 

and receiver, but combining large numbers of line-of-sight measurements through a 

tomographic inversion enables mapping. 

The phase refractive index n of a medium is defined as: n≡ c/v, where c ≡ 

2.99792458*108m/ Sec which is the speed of light in a vacuum, and v the speed of the 

phase of electromagnetic waves in the medium. As the refractive index n for 

atmospheric air is very close to unity, the more convenient term ‘refractivity’ N is 

often used: N ≡ 106 (n − 1). For the Earth’s atmosphere this results in values between 

0 and 450, with the high values close to the ground because of the approximate 

exponential growth of air density towards the ground. Electromagnetic radiation 

passing from a medium with refractive index n1 to a medium with refractive index n2 

changes direction as stated by Snell’s law: n1 sin θ1 = n2 sin θ2, where the θ’s are the 

angles relative to the normal interface. The expression can be generalized to an 

infinite number of spherical symmetric interfaces, changing Snell’s law into a 

Bouguer’s formula: nrsin θ = const, ‘r’ is the distance from the center of symmetry. 

The law states that a ray path is confined to maintaining this constant when passing 

through media interfaces. 

 

 

 



57 
 

 

 
Fig.2.10 GPS Radio Occultation - Atmospheric Profiling with Global Navigation 

Satellite Systems (GNSS)  (http://www.earthzine.org/) 
 

2.5.2 Typical occultation geometry 

In the following the geometrical optics approach is applied. This approach 

implies that changes in the medium are on scales much larger than the probing (GPS) 

wavelength. This is valid as the majority of atmospheric phenomena are on (at least) 

kilometer-scale, only water vapor irregularities reaching into and below the hecto-

meter regime through turbulence. Due to the general behavior of rays in a spherically 

symmetric medium with increasing refractive index inwards (Born and Wolf, 1980), 

the geometry of the occultation as shown in Figure 2.11, with the rays bending 

towards the center of symmetry. The illustration is about the geometry in the 

occultation plane, i.e. the plane defined by the center of the Earth and the position of 

the receiver and the transmitter. The transmitter to the left at velocity VT and the 

receiver to the right with velocity VR, and respective distances rT and rR to the center 

of curvature (to a first approximation the center of the Earth). The angles θT and θR are 

between the radius vectors and the transmitted/received ray directions, γ the angle 

between the two radius vectors, and α, the bending of the ray or the change in the ray 

direction vector, a is the perpendicular ray distance - the impact parameter - and r the 

tangent point height. 
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Fig. 2.11 The occultation geometry projected onto the occultation plane. 

All the contributions are assumed to be in the occultation plane, indicating that 

there is no variations perpendicular to the occultation plane (meaning no horizontal 

gradients). This assumption is not always valid as many atmospheric phenomena such 

as fronts (Kuo et al., 1998), high/low pressure areas, and ionospheric irregularities 

results in horizontal pressure gradients (Belloul and Hauchecorne, 1997; Ahmad and 

Tyler, 1999; Healy, 2001; Potula et al., 2011). 

The rays that tend to bend towards the center of symmetry results in the altitude 

of the tangent point can be negative if the straight line calculation is made, as 

indicated in (Sokolovskiy, 2001). Along each ray the Doppler frequency shift Δf 

depends on the projected velocity vector V to the ray direction (unit) vector. With 

subscripts T for transmitter and R for a receiver, the frequency shift is expressed as 

(Gorbunov and Sokolovskiy, 1993): in scalar notation with velocities and ray 

directions resolved into tangential and radial components (respective superscripts φ 

and r): 

RRR
r

RTTT
r

T VVVVC
f
f ���� �� sincossincos ����
�    (2.7) 
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From geometric consideration of the relation between the numeric values of ray 

bending, α, ray directions, θT and θR and angle between transmitter and receiver γ, it 

can be established that: 

����� ���� RT       (2.8) 

as the angle opposite to γ is γ = π − α and in general ����� 2���� RT   

From the three equations 2.7,2.8 and Bouguer’s formula and measurement of 

the excess phase (see below), velocities, and positions of the bending angle α can be 

derived as a function of impact height a for each ray and each frequency. The excess 

phase is the difference in signal path length caused by neutral atmosphere and 

ionosphere: 

                       ΔL = L measured – L straight line vacuum 

A profile of excess phase for L1 is seen in figure 2.12. The excess Doppler shift 

is expressed either as a frequency shift Δf or as a time derivative of the excess phase 

path ΔL, i.e. ΔL. They are related as: 

c
L

dt
Ld

cf
f �

�
�

�
� )(1       (2.9) 

In this case the atmospheric effect is measured in Hertz as compared to meters. 

As only constants of nature are involved in the conversion, it can be stated in the 

general case as 1 m/s~5. 25 Hz for L1 and 1 m/s~4. 09 Hz for L2. The excess Doppler 

shift is no real Doppler shift, but the pure contribution by the atmosphere as all effects 

of velocities and clock-errors are removed from the received signals (for details see 

Hocke, 1997; Gorbunov and Sokolovskiy, 1993). An example of an excess Doppler 

shift profile is in figure 2.12. The bending angle α is in (Fjeldbo et al., 1971) 

expressed as: 
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Fig.2.12. L1 excess phase (left) and excess Doppler shift (right) for occultation 

parameters. The excess Doppler shift is expressed in m/s. 
 

   

With a = rn being the impact height and a0 the smallest impact height of the ray, 

indicating a smallest ray height of r0 = a0/n(a0). The second equality is based on the 

assumption of symmetry around the tangent point, and the third on the spherical 

symmetric geometry. 

Equation 2.10 can mathematically be inverted by the Abel transformation to 

give the index of refraction as a function of impact height a assuming local spherical 

symmetry: 

da
aa

aan
a�
 �

�
�

0 2
0

2
1

0
)())(ln( ��      (2.11) 

Now, given excess phase and geometry during an occultation, a profile of the 

index of refraction can be derived as a function of height e.g. above a standard 

ellipsoid or geoide. For meteorological use the heights can be transformed into 

geopotential heights as in (Leroy, 1997). Complications arise due to the oblateness of 

the Earth, but it can be solved geometrically (Syndergaard, 1998). 

The geometry of the involved orbits (transmitter and receiver) determines the 

global pattern of occultations. Selecting a specific orbit can probe a certain region 

many times (Yan et al., 1999) if required. In reality an occultation rarely is in the 

same plane throughout the occultation, resulting in a drift of the tangent point. The 



61 
 

definition of the position of the retrieved profile hence can be done in several ways. In 

this study the profile position is defined to be the position of the tangent point for the 

last straight line connecting a GPS and low Earth orbit (LEO) satellite without 

penetrating the Earth, as this is where most of the bending takes place and hence most 

information is contained, especially when considering the water vapor. Other 

definitions of the profile position could be an average over the entire occultation or 

the tangent point of the lowest occultation sample or the position could be calculated 

for each altitude in the profile. This last approach could seem most correct, but as 

many inversion techniques assume spherical symmetry close to the tangent point, the 

individual positions are of no relevance. The drift of an occultation tangent point can 

be hundreds of kilometers if the LEO satellite is moving perpendicular to the line of 

sight (side viewing occultation), or very short if they have parallel velocities both 

towards or away from the tangent point (head on occultation). 

 

 

 

 

 

 

 

 

 

 

 

 

 


