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The colorful festival of Teej 
 

Teej is the colorful festival of Hindus in North India (Uttar Pradesh, Bihar, Rajasthan, 
Haryana, and Punjab) and Nepal falling in the month of Shravan and Bhado (July, 
August and September). On this day the women go on fast and pray Lord Shiva and 
Goddess Parvati, seeking their blessings for marital bliss.  
There are three types of Teej festivals celebrated during the monsoon months. The first 
one is the Hariyali Teej, also known as Chhoti Teej or Shravan Teej, which falls on 
Shukla Paksha Tritiya—the third day of the bright fortnight of the Hindu monsoon 
month of Shravan.  Hariyali Teej is followed by Kajri Teej  (Badi Teej), which comes 
15 days after the Hariyali Teej. The third type of Teej, Haritalika Teej, comes one 
month after Hariyali Teej and is observed during Shukla Paksha Tritiya, or the third 
day of the bright fortnight of the Hindu month of Bhadrapada.  While ritual fasting is 
central to Teej, the festival is marked by colorful celebrations, especially by women, 
who enjoy swing rides, song, and dance. Swings are often hung from trees or placed in 
the courtyard of homes 
and decked with flow-
ers. Young girls and 
married women ap-
ply menhedi (henna) 
and wear colorful ban-
gles. Women wear 
beautiful saris and 
adorn themselves with 
jewelry, followed by  
visit to temples to offer 
special prayers to god-
dess Parvati. The deli-
cious ‘ghewar’ is the 
very special sweet on 
the occasion.    
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Dear VAANI Readers,  

 

Ahmedabad is the first Indian city inducted in the map of world heritage 
cities. In fact the whole Gujarat is a State of rich heritages. Few new 
‘heritages to be’ monuments have been created in Gujarat in the recent 
past. These are the Mahatma Mandir in Gandhinagar and Statue of Unity in 
Kevadia. Whereas the statue of liberty is that of India’s Iron Man Sardar 
Vallabh Bhai Patel,  Mahatma Mandir portrays the Gandhi’s life history amalgamated with latest 
marvels in civil engineering and architectural design. Last IITRAAA get-together was held in Ma-
hatma Mandir, Gandhinagar. One remains spell bound by the architectural beauty of the monu-
ments and the art of display of Gandhi’s life. Our get-togethers often give new experience and 
feeling making the visit to Mahatma Mandir as thought provoking and memorable.  

This issue of VAANI is brought out late hence it includes the matter from Aug’2018 to Jan 2019. 
VAANI says good bye to 2018 and welcomes 2019 wishing happy new year to all its readers.     

This year’s second AN Khosla Memorial Lecture was on ‘Disaster Management by Sri Kamal 
Kishore, an Alumnus of IITR-1992 batch of B.Arch. This issue also covers an article on Atomic 
clock which is one of the most important component of NAVIC system (equivalent to GPS). Hope 
the readers will enjoy the treasure of new knowledge in this issue.  

While releasing this issue I wish all the readers happy forthcoming festival of Holi.  

Vijai Kumar 

Editor- VAANI-The Voice of IITRAAA 

Vijai11946@yahoo.co.uk,  iitraaavaani@gmail.com 

mob no 09327008244 

EDITOR’S DESK 
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THE VISIT TO DANDI KUTIR COMPLEX IN GANDHINAGAR 

Announcement of visit to Dandi Kutir complex came as a big bang with great excitement. The 
complex has come up based on the theme ‘Gandhi in retrospect’. It is a magical site with unique 
theme based architectural design, built in Gandhinagar at the behest of Gujarat Government. Life 
of Mahatma Gandhi beginning from his childhood is lucidly displayed and narrated by audiovisual 
means while moving through the galleries of the museum, spread over various floors of the build-
ing. The building is in the form of a prism, representing the salt mound during the Gandhi’s Salt 
Walk to Dandi. Top floor is dedicated to Gandhi’s childhood life. The second floor gives a 
glimpse of Gandhi’s life in London and South Africa. First floor houses hi-tech displays on his life 
and freedom struggle in India. It won’t be an exaggeration to say that the tour in the Gandhi Kutir 
was a display of technological amusements as well.  
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The members along with their family enjoyed the fun filled tour to Gandhi 
Kutir and got their knowledge about Mahatma Gandhi refreshed, through 
illustrated displays.     

A N KHOSLA LECTURE ON DISASTER MANAGEMENT 

The third Dr A N Khosla Lecture was delivered by Sri Kamal Kishore on 
Oct 27’2018 in IIT Gandhinagar premises on the topic “Changing Nature 
of Disaster Risks in 21st century –Evolving Role of Engineers”.  

Sri Kamal Kishore is an IITR alumnus belonging to B. Arch –1992 batch. 
He also did his ‘Master of Science, Urban Planning, Land and Housing 
Development’ in 1995-1996 from Asian Institute of Technology, Bangkok, 
Thailand.  

He is currently the member of ‘National Disaster Management Authority of India’ and has 22 
years of experience in this and other related fields. He worked for UNDP in various capacities for 
almost 13 years and visited many countries as UNDP advisor. He also worked as the Director-of 
Information and Research with Asian Disaster Preparedness Centre  which provides relevant ser-
vices for South East countries like Indonesia, Philippines and Vietnam. He was also actively in-
volved in disaster reconstruction and resettlement  tasks after major earthquakes which hit Latur 
and Uttarkashi.  

He labelled the scenario leading to high level risks as Hazards (earthquakes, floods, cyclones, 
draught and landslides), Exposure (large concentration of people, capital & economic activity in 
hazard prone areas) and Vulnerability of the socio-economic systems. The presentation enveloped 
the global as well as national scenario of disasters. What role can be played  by the  engineers, was 
one of the important highlight of his lecture. The audience attending the lecture included, members 
and families of IITRAAA, Teachers & Staff of IIT Gandhinagar and invited guests.  
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डॉ धीमान व उनकी प नी ीमती  रजनी अदबी  उडान सािहि यक सं था वारा स मािनत 

 
उदयपुर की प्रिसद्ध सािहि यक सं था अदबी उड़ान ने डाक्टर धीमान व उनकी प नी  ीमती रजनी 
धीमान को  उनके उ कृ ट सािह य सजर्न और  सवंहन म अमू य  योगदान  के  िलए  पु कृत  िकया . 
१४ अक्तुबर २०१८ को उदयपुर मे आयोिजत रा ट्रीय स मान समारोह मे  अदबी उडान सं था वारा उ ह  

यह २०१८ का राजकीय स मान व पुर कार िदया 
गया. बहुत बहुत बधाई.  
डा धीमान  ने IITR से १९७९ मे M.Sc –chem व 

१९८४ मे Phd-Chemistry िकया. २०१७  मे वो 
ONGC से सेवा िनवतृ हुए. वे अपने ONGC के 

कायर्काल के दौरान भी िहदंी की किवताये  िलखत े

रहे और  रा ट्रीय  किव स मेलन मे भाग लेते 
रहे. वे IIT Roorkee Alumni Association , Ah-

medabad के भी बहुत स मािनत सद य  रहे ह. 
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IITRAA ROORKEE UNDER NEW SHELTER  

The new IITRAA-Roorkee office was inaugurated by its 
president Sri B K Chaturvedi on Nov 2’2018. It will also 
serve as Alumni Welcome Centre and activity hub for 
IITRAAs around the globe. Hope it will provide global con-
nectivity and will include the details of alumni for the last 
half century. It is also hoped that it sets up a gallery display-
ing the alumni who excelled themselves in their professional 
field and social life.    

CONGRATULATIONS DISTINGUISHED ALUMNI 
2018, OF IITR Prof  Brij Agrawal; ME-Mech 1966, for academic & research excellence, cur-
rently the Distinguished Professor and Director, Adaptive Optics Center of Excellence for National 
Security and Director, Spacecraft Research and Design Center at Naval Postgraduate School (NPS) in 
Monterey, California (USA). 

1. Prof Sudhir Jain; BE-Civil 1979, for Academic & Research Excellence. He is currently the 
Director IIT Gandhinagar, Gujarat and the President of IITRAA-Ahmedabad 

2.Sri Mahesh Chandra Tandon; BE-Civil 1962, for excellence in engineering and technology 
innovation,  currently the Managing Director of Tandon Consultants Pvt. Ltd 

3.Dr Ajay Kumar; BE-Mech 1968, for excellence in engineering and technology innovation. He 
was associated with NASA for more than three decades 

4. Sri Sanjiv Singh; BE-Chem 1980, for managerial excellence in private, Public or Government 
Sector, currently Chairman Indian Oil 

5.Dr Ajay Mathur; BE –Chem-1979, for managerial excellence in private, Public or Government 
Sector, currently the Director General-TERI 

6.Dr Ramachandra Naidu Galla; ME-E&C-1967, for entrepreneurial excellence, currently the 
Founder & Chairman of the Amara Raja Group of companies 
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IITRAA  AND IIT ROORKEE  NEWS (from the websites and news items) 

OBITUARY 
 
Dr AK Kamal, former Professor and Head of the Department-
E&C in IITR during 60s, died on April 19’2018 in Burlington. 
Born in Kairana, India, Adit received a Bachelor’s degree in 
Physics from Benares Hindu University, Masters in Science from 
Allahabad University and Master’s in Science in Electronics and 
Communications Engineering, from the reputed Indian Institute 
of Science, Bangalore. In IIT Roorkee he was responsible to es-
tablish the E&C Department and erect its landmark 15 story 
communication tower, a rare IITR identity today.  
He was 92 and survived by his wife Saroj Kamal, daughter Amita 
Sharma and two sons Pankaj and Arvind Kamal. 
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SOLAR POWER INITIATIVE AT IIT GANDHINAGAR  

IIT Gandhinagar has been pioneering 
the cause of  green energy in line with 
national perspective. The approach 
adopted was both, low energy con-
sumption and low energy cost. Re-
cently they took an initiative to meet 
part of the campus power requirement 
through solar power. They went ahead 
installing roof top photovoltaic 
(RTPV) solar power panels to gener-
ate about 1000 KW power. The build-
ings having a built up area of about 
84000 sqm were used to mount the 
RTPVs. The power so generated was used to meet the power requirement load for academic com-
plex and student hostels. No storage batteries were used. Bi-directional meters were used for net 
metering by Torrent Power (electricity supplier in Gandhinagar). 50% of the needed power is be-
ing generated through RTPV panels on existing building roof tops. Even car shed tops were also 

used to install the panels.  

Now effective solar power is avail-
able 5-6 hrs a day for 325 days of 
the year. The average solar power 
generation is 60000kWH per 
month. By this the Institute saved 
Rs 55 lakh per year. The institute 
reaps the benefit of additional sav-
ing of Rs 20 lakh per year using 
solar water heaters.  

The initiatives taken by the institute 
are highly commendable as it is  
developing the future power execu-

tives with hands on experience. Now the important question is ‘What is the plan to safely dispose 
off the out of life LTPV panels’ say after 15 years or so? If such question has not been addressed 
till now, the IITGn may take some initiative on this aspect also. The disposal of the out of life pan-
els could be faced worldwide and IITGn can take the lead to showcase the global solution to the 
problem.  

PAN-IIT NEWS (from the websites and news items) 

I will not let anyone walk through my mind with their dirty feet. 
Nobody can hurt me without my permission. 
If you want real peace in the world, start with children 
Service which is rendered without joy helps neither the servant nor the served. 

Mahatma Gandhi 

7 
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FIRST BIO-FUEL FLIGHT SUCCESSFULLY OPERATED BY SPICEJET (TOI) 

India, for the first time successfully experi-
mented flying a passenger aircraft powered by 
biofuel. The Spicejet Airline flew its aircraft 
Bombardier Q400 (VT-SUI) from Dehradun. It 
was in air for 22 minutes. According to prelimi-
nary studies, the power from biofuel was even 
better than regular aviation turbine fuel (ATF), 
as confirmed by SpiceJet chief strategy officer 
G P Gupta. The flight was supervised by 
DGCA joint chief and head of safety Lalit 
Gupta. USA and Australia have already tested 
commercial flights using bio-fuel. CSIR, Deha-
radun produced the bio-fuel as a part of pilot project. The bio-fuel is made of vegetable oil, sugar, 
animal fat and waste biomass. The fuel can be safely used by the existing aircraft engines without 
any modifications.   

This is the beginning of replacing the fossil fuel by bio fuel. A smooth switch over to eco-friendly 
green fuel from fossil fuel is quite exciting. The initiative will significantly reduce the dependence 
on geo-political sensitive fossil fuel.    

BLOOMING ONCE IN TWELVE YEARS THE KURINGI FLOWER (tnn) 

The hills of Munnar in Kerala were painted pur-
ple during August-October in the year 2018, 
with Neelakurinji flowers which bloom once in 
12 years. The hill station witnessed huge inflow 
of tourists who enjoyed the eye feast of the na-
ture’s beauty.     

 

 

 

 

WHY THE SENTINELESE CHOOSE SOLITUDE EVEN 60,000 YEARS ON (TOI) 

There are six original tribes in Andman and Nicobar Islands. The congregation of 572 islands is 
spread over the Bay of Bengal from Land Fall Island in the north to the Great Nicobar Island in the 
south. Four of these tribes ‘Great Andamanese, Onge, Jarawa and Sentinelese’ are Negrito dark-
skinned ethnic groups who inhabit parts of south and southeast Asia. Survival International, a 
rights group for indigenous and uncontacted people, estimated Negrito tribes arrived in the Anda-
mans from Africa approximately 60,000 years ago. The remaining two are the Mongoloid tribes 
‘the Shompen and Nicobarese’ who most likely came from the Malay-Burma coast and have lived 
on Nicobar islands for thousands of years. Hostility to outsiders of these tribes has the valid reason 
because of barbaric intrusion of outsiders in the island.  

THE NEWS THAT ECHOED (from various websites) 

8 
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The intrusion of outsiders dates back 1789 in Chatham Island , now part of  Port Blair by British-
ers. The inhabitants of the island fought with them in 1859 for freedom but could not withstand the 
onslaught by Britishers, using just their bow and arrows. As a result their population shrunk from  
5000 to 44. Other tribes in the islands also met the same fate. Sentinelese migrated to deep forest 
for their survival and that is the reason why they are hostile to outsiders and do not trust them. 
They fire the deadly arrows as soon as they see them invading. US tourist killed in Andaman is a 
typical example of their feeling  of insecurity from outsiders.   

It seems some Indians have explored their region  with friendly gestures by offering them fish and 
other food items. The approach seems to have had positive response and gained their confidence to 
become friends.   

NEW SUPERSONIC AIRLINER ’OVERTURE’ WILL FLY PEOPLE AT 1,688 MPH 
(Yahoo Website)                                                                       

A commercial airliner, named ‘Overture’, will 
transport tens of millions of people around the 
globe at Mach 2.2 (more than two times the speed 
of sound), which is equivalent to a speed of 
1,688mph. The aircraft has been developed by 
Boom Supersonic. 

The prototype of the plane is expected to take off 
this year. Passenger flight service may start in 
2020. Future customers already include Virgin 
Group and Japan Airlines, which have pre-ordered 30 Overture airliners. The company Boom 
Supersonic said that the Overture will be environment friendly. The world is going to see a 
new era in overseas flying experience.  

ASIAN GAMES: GOLD FOR RICKSHAW-PULLER’S DAUGHTER IN HEPTATHLON 
(TOI) 

Swapna Barman, the 21 year old daughter of a rikshaw puller from 
Odisa, won India’s first heptathlon gold in the Asian Games held in 
Aug 2018 in Indonesia. Just prior to the winning day her jaw throbbed 
with pain. But she could valiantly overcome the trauma while on the 
track. This is really a great power of Indian women .  

 

 

 

ISRO TO USE A HUMANOID, NOT ANIMAL, FOR GAGANYAAN TESTS (TOI) 

India is slated to fly Indian astronauts by its own rocket in 2022. The manned space missions of 
other nations tested the astronaut module first by sending animals and plants. At times death of 
these living matter occurred during the flight may be due to inadequate life support system or in-
flight trauma. India will not test the module on animals. Instead it will send a robot having all rele-
vant sensors, in the initial flights, to find out the potential dangerous issues in the design and reali-
zation of the space systems of the Gaganyaan. This will be for the first time that any nation will 
send hymanoid instead of animals. "Our robot will be able to do whatever a man can do, although 
not as extensively as the man could do. We want to show that even the first flight will not go 

9 
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empty and utilise the opportunity to the maximum. We will use our own humanoid model," Dr 
Sivan, Chairman ISRO said. Experiments will be conducted to test medical equipments, do micro-
biological studies, evaluate life support system, biomedical waste management system & monitor 
toxic gases.   

INDIAN-AUSTRALIAN, 3 OTHERS WIN ‘NOBEL OF MATHS’ (TOI) 

Venkatesh (36),born in New Delhi, won the ‘Fields Medal’ for his 
profound contribution to an exceptionally broad range of subjects in 
mathematics and his strikingly far-reaching conjectures. The medal is 
given every year in the International Congress of Mathematicians. 
Field Medal is treated as the Noble Prize of mathematics and is given 
to the youngest and brightest candidates around the world. Venkatesh 
is now a citizen of Australia. He has been a very bright student during 
his school days. He finished high school when he was 13 and went to 
the University of Western Australia, graduating with first class hon-
ours in mathematics in 1997, at the age of 16. In 2002, he earned his 
PhD at the age of 20. Since then, he has gone from holding a post-
doctoral position at MIT to becoming a Clay Research Fellow and, now a professor at Stanford 
University. Earlier he won many international awards in the field of mathematics.  

ISRO PLANS ITS FIRST OVERSEAS GROUND BASE AT NORTH POLE (TOI) 

India is going to set up its first space ground station at North Pole in order to augment the Indian 
Remote Sensing (IRS) operations crucial not just for civilian needs like disaster management but 
also for the armed forces. ISRO has a full-fledged IRS programme with a constellation of earth 
observation satellites, with the National Remote Sensing Centre (NRSC), Hyderabad managing 
data acquisition and processing, data dissemination, aerial remote sensing and decision support for 
disaster management. 

 

 Tallest Statue in the world designed and built by L&T in record 33 months  
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ATOMIC CLOCK 

Introduction  

 Atomic Clocks, are precise clocks, that manage to keep time 
within one second over more than 10,00000 days, just 10 days 
short of 274 years. Today, applications from Global Satellite Com-
munications to Satellite Navigation, Surveying, Transportation, Ra-
dio Astronomy, require such clocks. In this article, I will try to ex-
plain the principle of atomic clocks and how it is useful for such 
applications. Coordinated Universal Time (UTC), is the time scale 
used all over the world, based on atomic clocks, with regular cor-
rections to keep it close to the traditional solar time. This stable 
and precise standard is used worldwide in technologies ranging from Global Telecommu-
nications to Satellite Navigation. 

A Brief History of Time and Precise Time Maintenance  

The rotation of the Earth on its axis, and its orbit around the Sun, has served as the basis 
for timekeeping for a long time. The day was divided into 24 hours, each of which con-
tained 60 minutes, which in turn were broken down into 60 seconds. That is how a sec-
ond was defined. But it was realized later by scientists that earth’s rotation on its axis is 
slowing down and the second defined in such a way is not a constant. This was con-
firmed by the development of accurate atomic clocks. By international agreement, the 
second is now defined as the duration of 9 192 631 770 periods of a particular vibration of 
the caesium-133 atom.  

Basic Principle of Atomic Clocks 

The most commonly used atomic clocks are Cesium Beam Atomic Clocks. The core of 
the Cesium Atomic Clock is a tunable microwave cavity (See Fig. 1 below). Cesium at-
oms at ground state are emitted by heating in an Oven. They are passed through a mi-
crowave cavity, where radio waves are generated using a Quartz Crystal Oscillator 
(QCO). The outermost electron in the Cesium Atom, goes to Higher Hyperfine energy 

SCIENCE AND TECHNOLOGY 

 

Dr M R Sivaraman 
Retd ISRO Scientist 

 

Fig. 1 : Principle of Cesium Atomic Clock 
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level. The detector at the end of the cavity picks up only these electrons. These excited 
electrons meanwhile come back to the original stable level emitting electromagnetic waves of 
9192631770 Hz.. The more close the frequency of the Microwave signal from QCO to 
9192631770 Hz, the more Cesium atoms reach the detector. The detector feeds back to the crystal 
oscillator that generates the Radio waves. It synchronises the frequency of the radio waves gener-
ated by the crystal Oscillator, to this and thus improves the stability of the frequency of the Radio 
waves generated. Typically a crystal oscillator generates radio waves with a frequency stability of 
the order of 1 in 109. But with this, the stability improves to 1 in 1013. Further electronics that fol-
lows counts this frequency. As with single swing of a pendulum,  a second is counted, at the count 
of 9192631770 Hz. 

Other Atomic Clocks 

A Rubidium Standard or Rubidium Atomic Clock is a frequency standard in which a specified hy-
perfine transition of electrons in Rubidium-87 atom is used to control the output frequency of a 
QCO. It is very similar to Cesium Atomic Clock, where Cesium is replaced by Rubidium Vapor. 
.All commercial Rubidium Clocks operate by disciplining a crystal oscillator to the Rubidium hy-
perfine transition of 6834682610.904 Hz.  It is the most inexpensive, compact, and widely pro-
duced atomic clock. 

A Hydrogen Maser, also known as Hydrogen Frequency Standard, is a specific type of Maser that 
uses the intrinsic properties of the Hydrogen atom to serve as a precision frequency reference. Hy-
drogen atoms are used as source here. Both the Proton and Electron of a Hydrogen atom have 
spins. The atom has a higher energy, if both are spinning in the same direction and a lower energy 
if they spin in opposite directions. The amount of energy needed to reverse the spin of the electron 
is equivalent to a Photon at the frequency of 1,420,405,751.77 hertz (Hz), which corresponds to 
the 21 cm line in hydrogen line in the Hydrogen Spectrum. Hydrogen Masers are very complex 
devices and are very costly compared to Cesium and Rubidium Clocks. 

A new kind of Atomic Clock, using Strontium as source is more precise than any other clock built 
as yet, with the ability to tick smoothly for a duration which is thousand times the lifetime of the 
universe. In addition to being the best timekeeper to date, the new so-called quantum gas clock 
might one day offer insights into new physics. It is still not available commercially. It has been 
recently developed and tested experimentally by Scientists.   

Performance of Atomic Clocks:  

The performance of atomic clocks is measured in terms of frequency stability of the source. Fre-
quency stability is the degree to which a constant frequency is achieved. For example, if the fre-
quency stability of a quartz oscillator is quoted as 1 in 106 the oscillator will drift by one cycle in 
every 106 cycles. If a clock runs on this, by counting 106 cycles as one second, it will lose or gain 
one microsecond every one second. Since one day is approximately 105 seconds, the clock will 
lose or gain one second every 10 days. A Table giving the frequency stability of different atomic 
clocks is given in table 1 below. 

Table 1 : Frequency stability of different types of atomic clocks 

                 Type                    Working Frequency in Hz.         Stability.   

              Caesium                           9192631770                            10-13 

              Rubidium                          6834682610.                          10-12 

              Hydrogen                         1420405751                            10-15 

              Strontium                    429228004229873.9                    10-17 

12 
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The Cesium Atomic Clock has a frequency stability of 1 in 1013 , which means a cesium 
atomic clock keeps accurate time approximately within, 1 x 10-8 seconds, viz. 10 nano-
seconds per day. A Strontium Clock can keep accurate time within 10 Pico seconds per 
day. 

APPLICATIONS 

Global  Satellite Navigation Systems  

Satellite Navigation Systems like GPS, Glonass and Galileo, as well as our Indian Re-
gional Navigation Satellite System (IRNSS), popularly known as NAVIC, require accurate 
atomic clocks on board the satellites. GPS and Glonass systems of US and Russia, re-
spectively uses Cesium and Rubidium atomic clocks. Galileo of Europe uses Rubidium 
and even Hydrogen Maser Clocks on the satellites. The Indian satellites use Rubidium 
Clocks, three in all in each satellite for redundancy. The accuracy of positioning, obtained 
including aircrafts, depend on the accuracy of range measurements to the navigation sat-
ellites by a user receiver. Typically a range accuracy of at least 30 m is required to get 
the position accuracy better than at least 100 m and this depends on the accuracy of the 
clock. 100 m accuracy in positioning is sufficient for many applications like Navigation of 
Car, Railway Trains, Ships etc. An accuracy better than 10 m, in positioning required for 
Aircraft Navigation, Land Survey, Land Slide Monitoring, etc can be obtained using a 
technique called Differential Positioning (DGPS) or Augmentation systems like GAGAN. 
The range determination is carried out by measuring the arrival time of a Pseudo Ran-
dom Noise (PRN) code, modulated on a radio transmission from a satellite, in compari-
son to a replica of the precisely timed replica of the PRN code in the user receiver and 
multiplication of this time interval with velocity of light. The code and the transmission fre-
quencies are derived from an atomic clock on the satellite. If the code generated by the 
satellite is off by say 100 nanoseconds, the range measured will be in error by 30 m. If 
rubidium atomic clocks of stability 1 in 10-12 is used, over a day the clock will drift by 10 
nano seconds ( a day consists of approximately 105  seconds, which can cause a range 
error of only 3 m over a day. Usually in satellite navigation systems, the satellite clock is 
compared with a better more accurate ground clock and the satellite clock drift is deter-
mined. This is transmitted by the satellite to the users to correct for this day to day clock 
drift. Thus at least a rubidium clock is required onboard a navigation satellite, as in the 
case of Indian Navigation Satellites, NAVIC.  

Ground Based Time Signal Transmission Service : 

Many users like Railways, Internet services, Satellite Prediction and Tracking, Meteoro-
logical Services and Astronomy require precise time to accuracy better than 1 millisec-
ond. Many countries have Laboratories set up having a Atomic Clock, basically Cesium 
Beam Atomic Clock that maintains precise time. This is well synchronized to the UTC, 
maintained by BIPM, Paris. In our country, The National Physical Laboratory (NPL) in 
New Delhi, maintains time Standard. NPL transmits at 5 MHz frequency, this time stan-
dard which can get be used by any users in India to maintain their clocks accurate within 
1 millisecond, which is accurate enough for many applications.  

Radio Astronomy 

Very Long Baseline Technique (VLBI) is used in Radio Astronomy to map distance Radio 
stars and Radio Galaxies, to a better angular resolution than Optical Telescopes. It basi-
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cally measures time difference between Radio Transmissions received from Radio Stars 
or Galaxies at two Radio Telescopes set up 1000 kms wide apart on the surface of the 
earth. Higher resolution and position of Radio Stars is possible with better accuracy of meas-
urement of this time difference. Atomic clocks are used at these stations to measure this time dif-
ference very accurately.  

Geodesy  

Geodesy is the measurement and study of earth’s size and shape as well as measuring Tectonic 
motions on earth and monitoring Polar motions. They are respectively known as Geometric and 
Physical Geodesy. GPS and other satellite navigation systems as well as VLBI Techniques, that 
have Atomic Clocks in use, are used in Geometric Geodesy extensively. By setting up a  network 
of GPS stations or VLBI stations at well surveyed points on the earth are used to monitor Earth’s 
crustal motions and study of Plate Tectonics. Earth while rotating on its axis, wobbles around a 
fixed point in space and this polar motion can be studied using GPS and VLBI Techniques.  

Satellite Laser Ranging  

Satellite Laser Ranging (SLR) as its name suggests ranges (or measures distance) to  

orbiting satellites using a powerful laser to detect a satellite's variation from its predicted orbit. The 
satellites are fitted with Cube Corner Retroreflectors for this. It is uniquely suited to accurately 
determining the variation of the Earth's centre of mass, along with the orbit parameters of satellites 
orbiting the Earth. The principle of Laser Ranging to the satellites is illustrated in Fig. 2 above. 
Atomic clocks are used at the stations to accurately synchronise the clocks used in this. Data from 
a global network of SLR stations are used to estimate the orbital parameters of satellites which 

 

Fig. 2  : Principle of Satellite Laser Ranging 
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revolve around the Earth's centre of mass. Therefore the position of the Earth's geocentre, the ori-
gin of the global reference frame, can be monitored through time. SLR has become an important 
geodetic instrument to be used for the establishment of an accurate global geodetic infrastructure 
and Earth monitoring science. 

SLR contributes to 

The definition of the International Terrestrial Reference Frame (ITRF)  by being the only space 
geodetic technique which defines the Earth's centre of mass. In addition, provides scale and the 
core network for the ITRF. ITRF defines Geodetic Latitude and Longitude of any place on the 
earth and is used in Satellite Navigation Systems to define the Coordinates. 

Monitoring Earth rotation and polar motion to provide the relationship with The International Ce-
lestial Reference Frame (CRF).  

Modelling the temporal and spatial variation of the Earth's gravity field.  

Determination of the Ocean and Earth tides  

Monitoring tectonic plates and horizontal and vertical crustal deformation  

Orbit determination for spaceborne altimeters and radar measurements for studies in global ocean 
circulation and changes in ice masses. 

Testing Theory of Relativity: 

In October 1971, Joseph C. Hafele, a physicist, and Richard E. Keating, an astronomer, took four 
cesium-beam atomic clocks aboard commercial airliners. They flew twice around the world, first 
eastward, then westward, and compared the clocks against others that remained at the United 
States Naval Observatory. When reunited, the three sets of clocks were found to disagree with one 
another, and their differences were consistent with the predictions of special and general relativity. 
They published their results in a Journal “Science”, Vol. 177, Pages 166-170, July, 1972.  

Scientists have known for decades that time passes faster at higher elevations—a curious aspect of 
Einstein's theories of relativity that previously has been measured by comparing clocks on the 
Earth's surface and a high-flying rocket.  Clocks tick a little faster if you're a foot higher, NIST 
experiments have shown, confirming predictions from Einstein's general theory of relativity. In 
India, National Physical Laboratory, Delhi uses Cesium Beam Atomic Clocks to provide Time 
Services in India. Indian Space Research Organisation (ISRO) uses Rubidium Vapour Atomic 
Clocks on Indian Regional Navigation Satellite System (IRNSS aka NAVIC) Satellites for Satel-
lite Navigation for Defense and Civilians in India. 

NAVIC, A BOON FOR CHENNAI FISHERMAN 
 

In support of deep sea rescue operations under disaster management, the Tamil Nadu fishermen 
will soon receive satellite phones, NAVIC receivers and NavTEX (Navigational Text messages) 
equipments. There are around 1,500 deep sea boats on Tamil Nadu coast. These will be divided 
into 80 clusters of 15 vessels each, Each cluster would get two satellite phones, procured from the 
State-run BSNL that will provide connectivity using Inmarsat. It is an all-weather instrument and 
connectivity will be available from anywhere in the globe. A total of 160 satellite phones will be 
procured at a cost of ₹1.68 crore for the boats. Each cluster will get three NavIC message receiv-
ers and two NavTEX receivers. The boats in the clusters will be able to communicate with each 
other through VHF sets. NavTEX will receive navigational warnings, urgent information for boats 
and weather forecasts from the India Meteorology Department and other data providing sources 
through transmitters installed by the Directorate General of Lighthouses and Lightships, installed 
all along the coast. NAVIC will tell the exact location.  
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READER’S REFLECTIONS ON APRIL’2018 ISSUE 

 
Thanks for the VAANI. it's very informative. 

R S Varshney 
GJ67 

Very much informative & interesting 

Er Som Dutt Gupta 
GJ67 

Thanks a lot for sharing. I always enjoy reading Vaani.          

K. N. Agarwal, President, MZN, Chapter. 

Thank you very much for sending me the e-copy of Vaani July 2018 issue. By this, I always 
feel myself connected with the IITRAAA. I sincerely thank you, your team and the members 
and families of the IITRAAA that they still feel us worth sharing the events happening in 
their world. As usual this issue of Vaani is splendid and a perfect blend of information and 
entertainment in short. 

Shubhendu Banerjee 

Many thanks one again sharing the IITRAAA Voices with us and Covering Nepal informa-
tion on this issue. 

Shashi Bhattarai, (1982 -1986 BE Civil) 
+9779851055544 

A very laudable venture to connect with Alumni 

Shailendra Hajela  

Congratulations and thanks to you, Vijai Kumar ji for sharing Vaani with all of us. Your 
selfless efforts in putting together a bulletin of this type and its wide-spread distribution via e
-mails are commendable. Vaani seems to update so many out-dated or outmoded, but in-
quisitive, individuals, like us, to current activities of the engineering community in India. 
Please keep up the good work. 

Anand Prakash, Ph.D., P.E., FIE, F.ASCE (1957 Roorkee) 
Western Springs, Illinois, USA 

anandkanta1@gmail.com 
 

ISRO TO PROVIDE HEALING TOUCH TO SIACHEN SOLDIERS 
 

In an effort to provide emergency medical treatment to security forces deployed in remote areas like Sia-
chen Glacier, Indian Space Research Organisation (ISRO) has 
recently signed an agreement with the Defense Ministry for 
setting up telemedicine nodes. It will establish 53 more nodes 
in the first phase to the existing 20 set up for the Army, Navy 
and Air Force across the country. 
ISRO will up small telemedicine hubs in these areas and link 
them to big hospitals in cities through its GSAT-series com-
munication satellites. Specialist doctors in these hospitals in-
teract with ailing or injured soldiers and prescribe them medi-
cines. The prescribed medicines are then provided to ailing 
soldiers from the medicine stock stored in that place.” 

 


