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I am happy that 3rd issue of ISAS newsletter, July to September, 2023 is in our hand.

The period has been of exemplary feats, almost unique in the history of Indian scientific scenario, launching of Chandrayan-3 on 14 July,2023 and subsequently Aditya L 1, the two feathers in the cap of ISRO.

The modules, Vikram (lander) and Pragyan (Rover) of Chandrayan-3 went into sleeping mode with the fall of night on lunar surface on 2 September, 2023 after carrying out studies for fourteen days after soft landing of Chandryan-3 on southern polar region of moon (on 23 August,2023). But before safe parking, the rover has traversed 105 metres on the lunar surface from the Shiv Shakti point though originally planned to move about 300 to 350 meters. The lack of illumination during lunar night almost 15 days creating extreme conditions might have damaged many components of the equipment but the processing of the data collected may reveal fruitful information regarding lunar surface.

 The sun- rise in the lunar South Pole on moon at the end of lunar night (equivalent to almost 15 days half of the synodic period at low and intermediate latitude) has feeble chances of reawakening of the modules due to extreme conditions of the Moon. Many of the components might have been damaged. However, it cannot be end of Chandryan-3 mission as lot of data collected over is left to be processed. Aditya L 1 is on journey of 125 days from earth to L 1 to provide a unique perspective, enriching our understanding of the sun.

The saga speaks of dedicated, devoted and determined efforts of ISRO scientists and technologists emphasizing -improvisation to address failures. Mission Chandrayan-3 and Aditya L 1 are covered in the issue.

Dr. Raghav Saran

President ISAS

From Editor's Desk
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15 Lakh Kilometer away from earth. Every Bhartiya is wonderstruck, excited and feeling proud  of these  historical events. For common man , it is dream coming true. Many countries are finding it difficult to digest that India has really achieved. Chandryan-2 gave us lots of experience. This time we successfully achieved    soft landing. whole nation was gazing at TV screen,  but when successful soft landing was announced, people started dancing out of Joy.



Chandrayaan-3 consists of an indigenous propulsion module, lander module (Vikram), and a rover( Prgyan). Rover have two payloads: Alpha Particle X-ray Spectrometer (APXS) to determine the elemental composition (Mg, Al, Si, K, Ca,Ti, Fe) of Lunar soil and rocks around the lunar landing site. Laser Induced Breakdown Spectroscope (LIBS) for deriving the elemental composition in the vicinity of landing site.


    Aditya L1 has seven pay loads which were indigenously developed.   Visible Emission Line coronagraph(VELC)  for studying solar corona and dynamics of coronal mass ejections. Solar Ultra-violet Imaging Telescope (SUIT)  to image the Solar Photosphere and Chromosphere. Solar Low Energy X-ray Spectrometer (SoLEXS) and High Energy L1 Orbiting X-ray Spectrometer (HEL1OS) are designed to study the X-ray flares from the Sun. Aditya Solar wind Particle EXperiment and Plasma Analyser Package for Aditya (ASPEX) to study the solar wind and energetic ions. PAPA Plasma Analyser Package for Aditya for studying the composition of solar wind. Magnetometer (MAG) payload is capable of measuring interplanetary magnetic fields at the L1 point. My self has privilege of visiting Shri harikota,  Satish Dhavan Space Centre, just after launching of Chandrayn -1. 

BARC has made contribution towards Chandrayan -3 mission by  way of providing the indigenously designed the 32-meter-Deep Space Network (DSN) antenna    needed for Tracking, Telemetry, Command and Ranging (TTC&R). The antennae precisely points to the spacecraft orbiting around moon at about 4 lakh Km distance from earth for command-and-control operations.
India passed a milestone in nuclear power production; Gujarat‘s indigenously built 700 MW Kakrapar nuclear power plant is now fully operational. APSARA reactor at BARC, Trombay is being transformed into a public museum.


जय विज्ञान 

मेरा भारत महान
Dr. Pradeep Kumar

Chief Editor , ISAS Newsletter

	Sr. No.
	Title
	Page No

	1
	Aditya L-1 Mission , Pround moments for India in Space Science  


	6-29

	2
	Soft Landing of Chandyayan-3 at South Pole of Moon
	30-52

	3
	ECIL‘s Contribution for Chandrayaan-3 Mission


	53-54

	4
	India Passes a Milestone in Nuclear Power Production; 

Gujarat‘s Indigenously Built 700 MW Kakrapar Nuclear Power Plant is now Fully Operational


	55-56

	5
	APSARA: Celebrating Asia's First Nuclear Research Reactor


	57-61

	6
	BARC Achieves Breakthrough in Proton Accelerator – Indian Defence Research Wing


	62-64

	7
	India@77: How India Became a Nuclear Power Despite all Odds


	64-67

	8
	A Fifth Force of Nature? Subatomic Particles are Defying the Laws of Physics
	68-72

	9
	One photon is all it takes to kick off photosynthesis Researchers demonstrated the role of a single particle of light in photosynthetic bacteria


	73-75


Aditya L-1 Mission , Pround moments for India in Space Science  
September 02, 2023

India's first solar observatory has begun its journey to the destination of Sun-Earth L1 point The vehicle has placed the satellite precisely into its intended orbit

September 03, 2023

The next maneuvre (EBN#2) is scheduled for September 5, 2023, around 03:00 Hrs. IST. The first Earth-bound maneuvre (EBN#1) is performed successfully from ISTRAC, Bengaluru. The new orbit attained is 245 km x 22459 km The satellite is healthy and operating nominally. The launch of Aditya-L1 by PSLV-C57 is accomplished successfully.
September 5, 2023
Source: Telangana Today news paper September 5

Bengaluru: Aditya-L1 spacecraft, India’s first solar mission, has successfully performed the second earth-bound manoeuvre, the Indian Space Research Organisation (ISRO) said on Tuesday. “Aditya-L1 Mission: The second Earth-bound maneuvre (EBN#2) is performed successfully from ISTRAC, Bengaluru. ISTRAC/ISRO’s ground stations at Mauritius, Bengaluru and Port Blair tracked the satellite during this operation. The new orbit attained is 282 km x 40225 km,” ISRO said in a post on ‘X’ in the early hours of Tuesday. “The next manoeuvre (EBN#3) is scheduled for September 10, around 02:30 Hrs. IST,” ISRO added.
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Aditya-L1 Mission 
The first Indian space-based observatory-class solar mission to unlock the mysteries of the Sun

Distance: 15 Lakh  kilometre from the Earth, about 4 times farther than moon

Spacecraft :Space-based, observatory-class solar probe


Aditya L1 is  the FIRST space based Indian mission to study the Sun. The spacecraft shall be placed in a halo orbit around the Lagrange point 1 (L1) of the Sun-Earth system, which is about 15 lakh km from the Earth. A satellite placed in the halo orbit around the L1 point has the major advantage of continuously viewing the Sun without any occultation/eclipses. This will provide a greater advantage of observing the solar activities and its effect on space weather in real time. The spacecraft carries seven payloads to observe the photosphere, chromosphere and the outermost layers of the Sun (the corona) using electromagnetic and particle and magnetic field detectors. Using the special vantage point L1, four payloads directly 
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Selfie by Aditya L1 

view the Sun and the remaining three payloads carry out in-situ studies of particles and fields at the Lagrange point L1, thus providing important scientific studies of the propagatory effect of solar dynamics in the interplanetary medium. 

The suits of Aditya L1 payloads are expected to provide most crucial information to understand the problem of coronal heating, coronal mass ejection, pre-flare and flare activities and their characteristics, dynamics of space weather, propagation of particle and fields etc.

The Aditya-L1 mission will take around 109 Earth days after launch to reach the halo orbit around the L1 point, which is about 1,500,000 km  from Earth. The spacecraft will remain in the halo orbit for its planned mission duration while being maintained at a station keeping cost of 0.2–4 m/s per year. The 1,500 kg satellite carries seven science payloads with diverse objectives, including but not limited to, coronal heating, solar wind acceleration, coronal magnetometry, origin and monitoring of near-UV solar radiation (which drives Earth's upper atmospheric dynamics and global climate), coupling of the solar photosphere to the chromosphere and corona, in-situ characterisations of the space environment around Earth by measuring energetic particle fluxes and magnetic fields of the solar wind, and solar magnetic storms that have adverse effects on space and ground-based technologies.


Aditya-L1 will be able to provide observations of the sun's photosphere, chromosphere and corona. In addition, an instrument will study the solar energetic particles' flux reaching the L1 orbit, while a magnetometer payload will measure the variation in magnetic field strength at the halo orbit around L1. These payloads have to be placed outside the interference from the Earth's magnetic field and hence could not have been useful in the low Earth orbit as proposed in the original Aditya mission concept.


One of the major unsolved issues in the field of solar physics is that the upper atmosphere of the Sun is 1,000,000 K (1,000,000 °C) whereas the lower atmosphere is just 6,000 K (5,730 °C ). In addition, it is not understood how exactly the Sun's radiation affects the dynamics of the Earth's atmosphere on a shorter as well as a longer time scale. The mission will obtain near-simultaneous images of the different layers of the Sun's atmosphere, which will reveal the ways in which energy may be channeled and transferred from one layer to another. Thus, the Aditya-L1 mission will enable a comprehensive understanding of the dynamical processes of the Sun and address some of the outstanding problems in solar physics and heliophysics.
Uniqueness of Aditya L-1

First-time spatially resolved solar disk in the near UV band.
CME dynamics close to the solar disk (~ from 1.05 solar radius) thereby providing

information in the acceleration regime of CME, which is not observed consistently

Onboard intelligence to detect CMEs and solar flares for optimised observations and data volume Directional and energy anisotropy of solar wind using multi-direction observations
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Science Objectives of Aditya L1 Mission 
The major science objectives of Aditya-L1 mission are:

· Study of Solar upper atmospheric (chromosphere and corona) dynamics.

· Study of chromospheric and coronal heating, physics of the partially ionized plasma, initiation of the coronal mass ejections, and flares

· Observe the in-situ particle and plasma environment providing data for the study of particle dynamics from the Sun.

· Physics of solar corona and its heating mechanism.

· Diagnostics of the coronal and coronal loops plasma: Temperature, velocity and density.

· Development, dynamics and origin of  Corona Material Emission (CMEs).

· Identify the sequence of processes that occur at multiple layers (chromosphere, base and extended corona) which eventually leads to solar eruptive events.

· Magnetic field topology and magnetic field measurements in the solar corona .

· Drivers for space weather (origin, composition and dynamics of solar wind .
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Flight sequence of PSLV-C57

Launching  of Aditya L-1
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Indian Space Research Organisation’s (ISRO) Aditya-L1, India’s maiden solar mission, on board PSLV-C57 lifts off from the launch pad at Satish Dhawan Space Centre, in Sriharikota, on September 2, 2023 | Photo Credit: S.R. Raghunathan
Source : The Hindu Bureau : September 02, 2023
ISRO on September 2 launched the country’s ambitious Solar mission, Aditya-L1 eyeing history again after its successful lunar expedition, Chandrayan-3 a few days ago. As the 23:40-hour countdown concluded, the 44.4m tall Polar Satellite Launch Vehicle (PSLV) soared majestically at the prefixed time of 11:50 a.m. from this spaceport, located on the Eastern coast about 135 km from Chennai.
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Lagrange Points

For a two-body gravitational system, the Lagrange Points are the positions in space where a small object tends to stay, if put there. These points in space for a two-body system such as Sun and Earth can be used by the spacecraft to remain at these

positions with reduced fuel consumption. Technically at Lagrange point, the gravitational pull of the two large bodies equals the necessary centripetal force required for a small object to move with them. For two-body gravitational

systems, there are total five Lagrange points, denoted as L1, L2, L3, L4, and L5. The Lagrange point L1 lies between Sun-Earth line. The distance of L1 from Earth is approximately 1% of the Earth-Sun distance. 
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Trajectory to Aditya- L1
The Aditya-L1, Initially, the spacecraft will be placed in a Low Earth Orbit. Subsequently, the orbit will be made more elliptical and later the spacecraft will be launched towards the Lagrange point (L1) by using onboard propulsion. As the spacecraft travels towards L1, it will exit the Earths’ gravitationalSphere of Influence (SOI). After exit from SOI, the cruise phase will start and subsequently the spacecraft will be injected into a large halo orbit around L1. The total travel time from launch to L1 would take about four months for Aditya-L1. The Trajectory of Aditya-L1 mission is shown in the figure below.
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Major Science Objectives
· Coronal heating and solar wind acceleration

· Coupling and dynamics of the solar atmosphere

· Solar wind distribution and temperature anisotropy

· Initiation of Coronal Mass Ejection (CME), flares, and near-earth space weather

Aditya-L1 Payloads:

The instruments of Aditya-L1 are tuned to observe the solar atmosphere mainly the chromosphere and corona. In-situ instruments will observe the local environment at L1. There are total seven payloads on-board with four of them carrying out remote sensing of the Sun and three of them carrying in-situ observation.

Payloads along with their major capability of scientific investigation.
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The spacecraft carries seven scientific payloads for systematic study of the Sun. All payloads are indigenously developed in collaboration with various ISRO Centres.
Visible Emission Line Coronagraph(VELC)  is designed to study solar corona and dynamics of coronal mass ejections. The payload is developed by Indian Institute of Astrophysics, Bengaluru in close collaboration with ISRO.
Multi slit  spectrograph working in Littrow configuration. It is capable of spectroscopic observations at 530.3 nm, 789.2 nm and 1074.7 nm at four positions over the FoV. Simultaneous observation of Solar Corona in three modes i.e. Imaging, Spectroscopy and spectropolarimetry. Observation of solar corona closer to the solar limb (1.05 Ra) , previous observations are beyond 1.1 R a)Coronal magnetic field measurements. Observation of solar corona with high spectral resolution (1.25 arc sec, 2.5 arc sec) and with high cadence.  
Onboard  artificial intelligence for the detection of CMEs.
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VELC system configuration

Solar Ultra-violet Imaging Telescope (SUIT)  to image the Solar Photosphere and Chromosphere in near Ultra-violet (UV) and, to measure the solar irradiance variations in near UV. The payload is developed by Inter University Centre for Astronomy and Astrophysics, Pune in close collaboration with ISRO.
It used narrow band (NB)and Broad Band (BB) spectral filters  in the range of 200-400 nm with low stray light high contrast. Suit Provides unique opportunity to study the spatailly resolved solar spectral irradiance in near UV range -relevant for Sun-Climate relations -atmospheric dynamics of the earth. SUIT provides near-simultaneous coverage of the solar atmosphere from lower photosphere to the upper chromosphere-important to understand the coupling and dynamics of the solar atmosphere. SUIT will help in understanding Coupling & Dynamics of Solar Atmosphere: 

What are processes through which the energy is channelised and transferred from the photosphere to the chromosphere. Sun-Climate Studies: Why and how strongly does solar irradiance of the relevance for the Earth's climate vary. Solar Flare Studies: At what wavelength do flares radiate most of its energy, how do different phases of the flare appear in lower solar atmosphere.  Prominence studies: What are the mechanism responsible for the stability ,dynamics and eruption of solar prominences. 
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Solar Low Energy X-ray Spectrometer (SoLEXS) and High Energy L1

Orbiting X-ray Spectrometer (HEL1OS) are designed to study the X-ray flares from the Sun over a wide X-ray energy range. Both these payloads are developed at U R Rao Satellite Centre, Bengaluru.

SoLEXS is a soft X-ray sun-as-a-star spectrometer. The Main objective of SoLEXS is to continuously measure solar soft X-ray flux (1 keV to 22 keV) from the Sun-Earth Langrngian point L1.   These solar soft X-ray measurements can be used to directly investigate the properties by magnetic field dynamics and high temperature plasma of over a million Kelvin. 
Flares and Coronal Heating: The source of the corona's much higher temperature is not yet fully understood and remains one of the fundamnetal unanswered questions in solar physics. SoLEXS observes solar flares and provides data for the study of DC heating mechanism complementary to the data from the visible Emission Line Coronograph (VELC)

Coronal Abundances and FIP: A key diagnostic for exploring the source of coronal heating is looking at the change in abundance for low first -ionisation potential(FIP) i.e elements with FIP below about 10eV  such as Si, Ca and Fe. SoLEX independentaly measures the coronal temperature ( and Differential Emission Measure-DEM) as well as abundances of coronal plasma.
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Qualification Model(mass model) of HEL1OS  on Vibration Table.
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Overall Configuration of HEL1OS 
Aditya Solar wind Particle EXperiment and Plasma Analyser

Package for Aditya (ASPEX) payloads are designed to study the solar

wind and energetic ions, as well as their energy distribution.

ASPEX is developed at Physical Research Laboratory, Ahmedabad.
PAPA is developed at Space Physics Laboratory,Vikram Sarabhai Space Centre, Thiruvananthapuram.
The ASPEX payload comprises of low and high energy particle spectrometer to carry out in-situ measurements of solar wind particles at the first Sun-Earth Lagrange point , L1 . ASPEX is configured to have two different  sub-system: SWIS (Solar Wind Ion Spectrometer)and STEPS ( Superathermal and Energetic Particle Spectrometer).  SWIS measures ion flux, primarily due to protons or alpha particles in the energy range 100eV to 20keV, while STEPS measures ion flux ( proton & alpha particles) from 20 keV to 5MeV.  

Multiple units are mounted to have simultaneous measurements from multiple direction.

 SWIS consists of two parts THA1 and THA2. 

THA1: Top Hat Analyzer-1, allows the particles to enter the system from elliptical plane.  The electrostatic analyser followed by Magnetic Mass Analyzer , enables separation of protons and alpha particles in solar wind.

THA2:    Top Hat Analyzer-2, allows the particles to enter the system from elliptical plane. No Magnetic Mass Analyser , hence integrated flux is measured.
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STEPS consists of two sub systems STEPS1 and SPEPS2.
STEPS1 unit consists of Sun-Radial(SR), Intermediate (IM), Parker Spiral (PS), and North -Pointing (NP) detector units. The faces of SR and PS detector units are square -shaped. The faces of IM and NP  detector units are circilar.  SR and NP separated protons and alpha particles beyond an energy threshlold whereas , IM and IP measure integrated fluxes. 
STEPS2:  It consists of STEPS 2A and STEPS 2B detector units.  STEPS 2A unit is called Earth-Pointing (EP) detector unit, whereas, STEPS 2B detector unit is called the South-Pointing (SP) unit. EP (square -faced) separates protons and beyond an energy threshold whereas, SP (circular-faced) measures integrated flux.
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PAPA Plasma Analyser Package for Aditya

The PAPA payload is developed by space Physics Laboratory (SPL), Vikrarm Sarabhai Space centre (VSSC), Thiruvanathapuram. It aims at studying the composition of solar wind and its energy distributions. The payload is conceived to have two sensors, SWEP ( Solar Wind Electron Energy Probe) and SWICAR (solar Wind Ion Composition Analyser), mounted perpendicular to each other and with a common PAPA Processing Unit (PPU) in the same chassis.

SWEEP Sensor: This sensor consists of two guiding plates ( for directional sweep) and , and, electrostatic analyser section contains the deflection plates( for energy analysis) ; using cylindrical geometry. The electrons after energy analysis are detected using a channel electron multiplier (CEM) detector and the signal is smoothed and conditioned by using Front -end Electron (FEE) card and then fed to PPU for further processing.
SWEEP is for electrons 10eV to 3 KeV.
SWICAR Sensor. This sensor has similar geometry for the energy analyser section of SWEEP. It can be used for energy analysis of electrons and ions. In additin, it is equipped with a linear Time of Flight (TOF) section with CEM detectors to facilitate mass analysis of ions in SWICAR ion mode operation.

1- 50 amu and electon energy 10 eV to 25 KeV.
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Magnetometer (MAG) payload is capable of measuring interplanetary

magnetic fields at the L1 point. The payload is developed at

Laboratory for Electro Optics Systems, Bengaluru.
The fluxgate Magnetometer(MAG) is a dual triaxial magnetic sensor which is installed on a 6m, 5-segment deployable boom, mounted on the Sun facing deck of Aditiya L1 Spacecraft. One set of MAG is placed on the tip of the boom whereas , the second sensor set is palced in the middle of the boom, 3 m away from the boom tip and spacecraft. 

The MAG fluxgate sensor is constructed by initially winding an excitation coil on a Supermalloy ring core in a toroidal fashion and placing it in a MACOR bobbin. Subsequently, a sense coil is wound on top of the bobbin , completely enclosing the excitation winding. Both triaxial fluxgate sensor have 3-orthogonally  mounted fluxgate sensors. A common electronics package processes output signals from these two sensors. MAG is developed by Laboratory for Electro Optics Systems (LEOS), Bengaluru.
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MAG Package

The primary objective of MAG is to measure the magnitude and direction of the interplanetary Magnetic Field (IMF) locally, and to study the transient solar events such as the Coronal Mass Ejections (CMEs), the impact of these extreme solar events on near Earth space environment , and the detection of solar plasma wave signatures at L1 point.
The MAG observations shall also supplement the solar wind studies carried out by other on board in-situ payloads such as PAPA and ASPEX onboard Aditya L1 space craft. 
BARC Scientist's Visit to  Satish Dhawan Space Centre, Sriharikota, Feb 2009. 
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Above  photos are Author's  visit during 2009  to Satish Dhawan Space Centre, Sriharikota, Andhra Pradesh. A delegate from BARC visited  the center after just after the Launching of Chndrayan -1.  
Soft Landing of Chandyayan-3 at South Pole of Moon
July 14, 2023
LVM3 M4 vehicle successfully launched Chandrayaan-3 into orbit. Chandrayaan-3, in its precise orbit, has begun its journey to the Moon. Health of the Spacecraft is normal.
July 15, 2023

The first orbit-raising maneuver (Earthbound firing-1) is successfully performed at ISTRAC/ISRO, Bengaluru. Spacecraft is now in 41762 km x 173 km orbit.
July 17, 2023

The second orbit-raising maneuver performed. The spacecraft is now in 41603 km x 226 km orbit. 
July 22, 2023

The fourth orbit-raising maneuver (Earth-bound perigee firing) is completed. The spacecraft is now in a 71351 km x 233 km orbit.
July 25, 2023

Orbit-raising maneuver performed on July 25, 2023. Next firing (TransLunar Injection), is planned for August 1, 2023.
August 01, 2023

The spacecraft is inserted into the translunar orbit. The orbit achieved is 288 km x 369328 km. Lunar-Orbit Insertion (LOI) is planned for Aug 5, 2023.
August 05, 2023

Chandrayaan-3 is successfully inserted into the lunar orbit. The orbit achieved is 164 km x 18074 km, as intended.
August 06, 2023

LBN#2 is successfully completed. The space craft is in 170 km x 4313 km orbit around the moon.

August 09, 2023

Chandrayaan-3's orbit is reduced to 174 km x 1437 km following a manuevre performed on August 9, 2023

August 14, 2023

The mission is in the orbit circularisation phase. The spacecraft is in 151 km x 179 km orbit
August 16, 2023

The spacecraft is in an orbit of 153 km x 163 km after the firing on August 16, 2023.
August 17, 2023

Lander Module is successfully separated from the Propulsion Module. Deboosting planned for August 18, 2023.
August 19, 2023

The Lander Module is in 113 km x 157 km orbit around the moon. Second de-boosting is planned for August 20, 2023
August 20, 2023

The Lander Module is in 25 km x 134 km orbit. Powered descent is expected to commence on August 23, 2023, around 1745 Hrs. IST
August 23, 2023
'I reached my destination and you too!': Chandrayaan-3

Chandrayaan-3 has successfully soft-landed on the moon. Congratulations, India!
August 24, 2023

Chandrayaan-3 ROVER: Made in India. Made for the MOON! The Ch-3 Rover ramped down from the Lander and India took a walk on the moon ! More updates soon.
August 27, 2023

The first observations from the ChaSTE payload onboard Vikram Lander

August 28, 2023

LIBS confirms the presence of Sulphur (S) on the lunar surface through unambiguous in-situ measurements.
August 30, 2023

APXS on-board Ch-3 rover detects the presence of minor elements

August 31, 2023

ILSA listens to the movements around the landing site RAMBHA-LP on-board Chandrayaan-3 measures near-surface plasma content.
NASA spacecraft spots Chandrayaan-3 lander on lunar surface

NASA's LRO spacecraft took a picture of Chandrayaan-3's landing site as it orbited the Moon.
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 Chandrayaan-3 mission: All set for automatic landing sequence, says ISRO
Details of  Chandrayaan -3

Chandrayaan-3 is a follow-on mission to Chandrayaan-2 to demonstrate end-to-end capability in safe landing and roving on the lunar surface. It consists of Lander and Rover configuration. It will be launched by LVM3 from SDSC SHAR, Sriharikota. The propulsion module will carry the lander and rover configuration till 100 km lunar orbit. 
The mission objectives of Chandrayaan-3 are:

    To demonstrate Safe and Soft Landing on Lunar Surface

    To demonstrate Rover roving on the moon and

    To conduct in-situ scientific experiments.

Mission sequence 
The various mission phases are classified as follows

Mission sequence 
The various mission phases are classified as follows: 

Earth Centric Phase (Phase-1)
   Pre-launch Phase 

  Launch and Ascent Phase 

  Earth-bound Manoeuvre Phase 

Lunar Transfer Phase (Phase-2)
Transfer Trajectory Phase 

Moon Centric Phase
Lunar Orbit Insertion Phase (LOI)-(Phase-3) 

Moon-bound Manoeuvre Phase (Phase-4) 

PM and Lunar Module Separation (Phase-5) 

De-boost Phase (Phase-6) 

Pre-landing Phase (Phase-7) 

Landing Phase (Phase-8) 

Normal Phase for Lander and Rover (Phase-9) 

Moon Centric Normal Orbit Phase (100 km circular orbit) - 
For Propulsion Module (Phase-10) 
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Chandrayaan-3 Launch Highlights: Chandrayaan-3 scripts new chapter in India's space odyssey, says PM Modi
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Chandrayaan Touches Down Safely on Lunar Surface
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Propulsion Module
Chandrayaan-3 consists of an indigenous propulsion module, lander module, and a rover with an objective of developing and demonstrating new technologies required for inter-planetary missions. The propulsion module will carry the lander and rover from injection orbit to till 100 km lunar orbit. It also carries a Spectro-polarimetry of Habitable Planetary Earth (SHAPE) payload to study the spectral and polarimetric measurements of earth from the lunar orbit.The main function of Propulsion Module is to carry the LM from launch vehicle injection orbit to till Lander separation. The propulsion module has Spectro-polarimetry of Habitable Planet Earth (SHAPE) payload to study the spectral and Polari metric measurements of Earth from the lunar orbit. SHAPE is meant for future discoveries of smaller planets in reflected light would allow us to probe into variety of Exo-planets which would qualify for habitability (or for presence of life).
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	Sl.No 
	Parameter 
	Specifications 

	1. 
	Lunar Polar Orbit 
	From 170 x 36500 km to lunar polar orbit 

	2. 
	Mission life 
	Carrying Lander Module & Rover upto ~100 x 100 km launch injection. Subsequently, operation of experimental payload for a period of 3 to 6 months. 

	3. 
	Structure 
	Modified version of I-3 K 

	4. 
	Dry Mass 
	448.62 kg (including pressurant) 

	5. 
	Propellant Mass 
	1696.39 kg 

	6. 
	Total PM Mass 
	2145.01 kg 

	7. 
	Power Generation 
	738 W, Summer solistices and with bias 

	8. 
	Communication 
	S-Band Transponder (TTC) – with IDSN 

	9. 
	Attitude Sensors 
	CASS, IRAP, Micro star sensor 

	10. 
	Propulsion System 
	Bi-Propellant Propulsion System (MMH + MON3) 


LVM3-M4/Chandrayaan-3 Mission
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LVM3-M4 Vehicle Characteristics
	Height
	43.5 m 

	Lift-off Mass
	642 t 

	Propulsion Stages

	Strap-on Motors
	2 x S200 (Solid)

	Core Stage
	L110 (Liquid)

	Upper Stage
	C25 (Cryo)

	Payload Fairing
	5 m OPLF 


Payload Accommodation 

LVM3-M4 Mission Specifications 

	GTO Apogee 
	36500 ± 500 km 

	GTO Perigee 
	170 ± 3.5 km 

	Inclination 
	21.3⁰ 

	Argument of Perigee 
	178 ± 0.2⁰ 

	Launch Pad 
	SLP 

	Launch Azimuth 
	107⁰ 


LVM3-M4 Stages at a Glance 

	Stages 
	Strap-Ons (2 x S200) 
	Core Stage (L110) 
	Upper Stage 
(C25) 

	Length (m) 
	26.22 
	21.4 
	13.5 

	Diameter (m) 
	3.2 
	4.0 
	4.0 

	Propellant Type 
	Solid 

(HTPB) 
	Liquid 

(UH25 + N2O4) 
	Cryo 

(LH2 & LOX) 

	Propellant Mass (t) 
	204.5 (each) 
	115.8 
	28.6 
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Lander payloads: 
Radio Anatomy of Moon Bound Hypersensitive ionosphere and Atmosphere (RAMBHA) and Langmuir Probe (LP) To measure the near surface plasma (ions and electrons) density and its changes with time.
Chandra’s Surface Thermophysical Experiment (ChaSTE) To carry out the measurements of thermal properties of lunar surface near polar region. Instrument for Lunar Seismic Activity (ILSA) To measure seismicity around the landing site and delineating the structure of the lunar crust and mantle. A passive Laser Retroreflector Array (LRA) from NASA is accommodated for lunar laser ranging studies. LRA is to understand the dynamics of Moon system.
Major Specifications of Lander
Mission life : 1 Lunar day (14 Earth days)

Mass : 1749.86 kg including Rover

Power : 738 W (Winter solstice)

Payloads : 3

Dimensions (mm3) : 2000 x 2000 x 1166

Communication : ISDN, Ch-2 Orbiter, Rover

Landing site : 69.367621 S, 32.348126 E

Rover payloads: Alpha Particle X-ray Spectrometer (APXS) to determine the elemental composition (Mg, Al, Si, K, Ca,Ti, Fe) of Lunar soil and rocks around the lunar landing site.  
Laser Induced Breakdown Spectroscope (LIBS) for deriving the elemental composition in the vicinity of landing site. Qualitative and quantitative elemental analysis & To derive the chemical Composition and infer mineralogical composition to further our understanding of Lunar-surface.
Major Specifications of Rover
Mission Life : 1 Lunar day

Mass : 26 kg

Power : 50 W

Payloads : 2

Dimensions (mm3) : 917 x 750 x 397

Communication : Lander
To achieve the mission objectives, several advanced technologies are present in Lander such as,

Altimeters: Laser & RF based Altimeters

 Velocimeters: Laser Doppler Velocimeter & Lander Horizontal Velocity Camera

 Inertial Measurement: Laser Gyro based Inertial referencing and Accelerometer package

 Propulsion System: 800N Throttleable Liquid Engines, 58N attitude thrusters & Throttleable Engine Control Electronics

 Navigation, Guidance & Control (NGC): Powered Descent Trajectory design and associate software elements

 Hazard Detection and Avoidance: Lander Hazard Detection & Avoidance Camera and Processing Algorithm

  Landing Leg Mechanism.
The overall specifications for Chandrayaan-3 is provided below:

Mission Life (Lander & Rover ): One lunar day (~14 Earth days)
Landing Site (Prime): 4 km x 2.4 km 69.367621 S, 32.348126 E
Science Payloads: 
Lander:

    Radio Anatomy of Moon Bound Hypersensitive ionosphere and Atmosphere   

    (RAMBHA).  Langmuir Probe:To measure the near surface plasma (ions and
    electrons) density and its changes with time.
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    Chandra’s Surface Thermo physical Experiment (ChaSTE).
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To carry out the measurements of thermal properties of lunar surface near polar region.
    Instrument for Lunar Seismic Activity (ILSA)
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To measure seismicity around the landing site and delineating the structure of the lunar crust and mantle.
    Laser Retroreflector Array (LRA) Rover:

    Alpha Particle X-Ray Spectrometer (APXS)
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To derive the chemical composition and infer mineralogical composition to further enhance our understanding of lunar surface.
    Laser Induced Breakdown Spectroscope (LIBS) Propulsion Module:
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To determine the elemental composition (Mg, Al, Si, K, Ca,Ti, Fe) of lunar soil and rocks around the
    Spectro-polarimetry of HAbitable Planet Earth (SHAPE)
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 An experimental payload to study the spectro-polarimetric signatures of the habitable planet Earth in the near-infrared (NIR) wavelength range (1‑1.7 μm).
Two Module Configuration
    Propulsion Module (Carries Lander from launch injection to Lunar orbit)

    Lander Module (Rover is accommodated inside the Lander)
Mass
    Propulsion Module: 2148 kg

    Lander Module: 1752 kg including Rover of 26 kg

    Total: 3900 kg

Power Generation
    Propulsion Module: 758 W

    Lander Module: 738W, WS with Bias

    Rover: 50W

Communication
    Propulsion Module: Communicates with IDSN

    Lander Module: Communicates with IDSN and Rover. Chandrayaan-2 Orbiter is 

     also planned for contingency link.

    Rover: Communicates only with Lander.

Lander Sensors
    Laser Inertial Referencing and Accelerometer Package (LIRAP)

    Ka-Band Altimeter (KaRA)

    Lander Position Detection Camera (LPDC)

    LHDAC (Lander Hazard Detection & Avoidance Camera)

    Laser Altimeter (LASA)

    Laser Doppler Velocimeter (LDV)

    Lander Horizontal Velocity Camera (LHVC)

    Micro Star sensor

    Inclinometer & Touchdown sensors
Lander Propulsion System
Bi-Propellant Propulsion System (MMH + MON3), 4 nos. of 800 N Throttleable engines & 8 nos. of 58 N; Throttleable Engine Control Electronics
Lander Mechanisms
    Lander leg

    Rover Ramp (Primary & Secondary)

    Rover

    ILSA, Rambha & Chaste Payloads

    Umbilical connector Protection Mechanism,

    X- Band Antenna

Lander Touchdown specifications
    Vertical velocity: ≤ 2 m / sec

    Horizontal velocity: ≤ 0.5 m / sec

    Slope: ≤ 12 deg
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Chandrayaan-3 – Elements
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      Chandrayaan-3 Propulsion Module - Views
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Chandrayaan-3 Rover on Ramp and Deployed Views
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Chandrayaan-3 Lander

[image: image47.png]Rover on Ramp Rover Deployed from Lander





Chandrayaan-3 Rover -Views
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Chandrayaan-3 Rover
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Chandrayaan-3 – Mission Profile
Chandrayaan-3 mission: Nasa's LRO captures Vikram landing site
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ECIL‘s Contribution for Chandrayaan-3 Mission

24 August, 2023 | by psuconnect.in

 Source website link: https://www.psuconnect.in/news/ecils-contribution-for-chandrayaan-3-mission/38990/
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Electronics Corporation of India Limited, a Government of India Enterprise under Department of Atomic Energy, has been supporting country‘s space program right from inception by setting up the ground antenna network at all centers of Indian Space Research Organisation (ISRO) for communication.

It is proud to be associated with the Chandrayaan-3 Mission by way of providing the indigenously designed antenna systems needed for Tracking, Telemetry, Command and Ranging (TTC&R) operations of moon mission program through ISRO Telemetry Tracking and Command Network (ISTRAC).

ECIL supplied the 32-meter-Deep Space Network (DSN) antenna which facilitated the vital communication support for Chandrayaan mission.

This 300ton Antenna System has been built indigenously in  association with Bhabha Atomic Research Center (BARC), U R Rao Satellite Centre (URSC) and ISTRAC. The antennae precisely points to the spacecraft orbiting around moon at about 4 lakh KM distance from earth for command-and-control operations.

The Antenna System employs state-of-the-art technology of precision formed reflector surface with an accuracy better than 0.3 millimetres, Wheel and Track Mount, Beam Wave guide, Feed Systems and Servo Control System. The realization of this Antenna involved almost all the disciplines of engineering like soil mechanics, Structural Engineering, Mechanical, Radio Frequency & Microwave and Control Engineering.

 It will continue to play crucial role during acquisition of data and images from moon captured by Vikram and Pragyan. ECIL also provided 18,11 and 7.2-meter Antenna systems and 4.5-meter Ship borne Terminal to ISTRAC to support tracking, telemetry and command operations of space mission critical programs right from the time of launch. ECIL is closely working with ISRO for the indigenous design and realization of the antennae systems and Safe & Secure Programmable Logic Controllers (PLC) for the upcoming missions like Aditya, Gaganyaan and Mangalyaan 2.

India Passes a Milestone in Nuclear Power Production; 
Gujarat‘s Indigenously Built 700 MW Kakrapar Nuclear Power Plant is now Fully Operational
Source website links:https://english.janamtv.com/news/india/71292/india-passes-a-milestone-

in-nuclear-power-production-gujarats-indigenously-built-700 -mw -kakrapar-nuclear-power-plant-is-now-fully-operational/ 

India has achieved a significant breakthrough in its pursuit of clean and sustainable energy as the indigenously developed Kakrapar nuclear power plant in Gujarat reaches full operational capacity. The commissioning of the third unit of this cutting-edge nuclear power facility marks a historic moment for the nation‘s 
energy sector. 

Prime Minister Narendra Modi announced through his social media page that the Kakrapar nuclear power plant has achieved full operational status, propelling India into a new era of nuclear energy generation. With a production capacity of 700 MW, the newly commissioned unit underscores India‘s commitment to harnessing 

its nuclear capabilities to power its future. India achieves another milestone. 

The first largest indigenous 700 MWe Kakrapar Nuclear Power Plant Unit-3 in Gujarat starts operations at full capacity. Congratulations to our scientists and engineers. 
Narendra Modi (@narendramodi) August 31, 2023

The inauguration of the Kakrapar nuclear power plant‘s third un it was celebrated by Union Home Minister Amit Shah, who extended his warmest congratulations to the dedicated team of scientists and engineers responsible for making this accomplishment possible. The significance of this achievement lies not only in its contribution to India‘s energy production but also in the strides it takes towards 

realising Prime Minister Narendra Modi‘s vision of energy self -

sufficiency. 

India's power acquires a new dimension today as our largest indigenous 700 MWe Kakrapar Nuclear Power Plant Unit-3 in Gujarat starts operations at full capacity. It is a firm step towards attaining PM @narendramodi Ji's vision of self-sufficiency in power production. 

My...Amit Shah (@AmitShah) August 31, 2023

Kakrapar stands as a shining example of India‘s capabilities in nuclear technology, equipped with modern safety systems that place it at the forefront of third-generation nuclear power plants worldwide. Managed by the Nuclear Power Corporation of India Limited, a prominent public sector entity operating under the 

Department of Atomic Energy, the Kakrapar plant‘s journey from inception to full capacity has been a testament to India‘s scientific prowess and commitment to advancing its energy infrastructure. Although the reactors at the Kakrapar plant commenced commercial operations on June 30, it wasn‘t until this milestone that they achieved their maximum capacity. This accomplishment underscores the dedication and perseverance of the team involved in bringing this ambitious project to fruition. 

APSARA: Celebrating Asia's First Nuclear Research Reactor

Source website link: https://yourstory.com/2023/08/apsara-celebrating-legacy-asia-first-nuclear-research-reactor
04 August, 2023 | by Nucleus_AI  Exploring the journey of APSARA, Asia's first

research reactor that set India on a path of nuclear advancement, and its continuing impact on nuclear research and medical applications.
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APSARA: Celebrating Asia's First Nuclear Research Reactor

Today, August 4, marks a significant milestone in the annals of nuclear history. It was on this day in 1956 that APSARA, Asia's first research reactor, achieved criticality in India, setting off a wave of nuclear advancement in the region that continues to shape our present and future.

Named after the celestial nymphs in Hindu mythology, APSARA became the cornerstone of nuclear research in India, epitomising the country's commitment to harnessing nuclear energy for peaceful purposes. The genesis of APSARA dates back to the early 1950s, under the pioneering leadership of Dr Homi J. Bhabha, often referred to as the father of the Indian Nuclear Programme.

APSARA: The Backbone of the Nuclear Programme

Housed in the Trombay campus of the Bhabha Atomic Research Centre (BARC), APSARA symbolised the fusion of advanced technology with Indian ingenuity. As a pool-type reactor of 1MW power, it used highly enriched uranium, weighing 4.5 kg, as fuel. The fuel took the form of plates, with light water serving the dual role of moderator and coolant. Boasting a maximum neutron flux of around 10^13 neutrons/cm^2/s, APSARA was instrumental in various fields, from isotope production and basic research to shielding experiments and neutron activation analysis.

A Legacy Continued: APSARA-upgraded

The reactor also played a critical role in neutron radiography and the testing of neutron detectors. Following over five decades of unwavering service to the nuclear research sector, APSARA was decommissioned in June 2009. However, its legacy was far from over.

Fast forward to September 10, 2018, and a new chapter in APSARA's story began to unfold. APSARA-upgraded, a higher-capacity swimming pool type research reactor, was inaugurated at Trombay. Constructed with indigenous resources and expertise, the modern reactor used plate type dispersion fuel elements made of Low Enriched Uranium (LEU).

The Future of Nuclear Research

With a higher neutron flux, APSARA-upgraded is poised to increase indigenous radio-isotope production for medical applications by about fifty percent. It's also expected to be a key player in research areas such as nuclear physics, material science, and radiation shielding.

APSARA's journey from its inception in 1956 to its upgrade in 2018 stands as a testament to the scientific prowess and determination of India. As we commemorate the day APSARA achieved criticality, let's celebrate the spirit of scientific inquiry, innovation, and progress that it embodied and continues to inspire. Here's to the past, present, and future of nuclear research, and to many more milestones in the journey of discovery and innovation.

Historic APSARA Reactor Transformed into Public Museum: Unveiling India's Nuclear Odyssey

Source website link: https://economictimes.indiatimes.com/news/new-updates/historic-apsara-reactor-transformed-into-public-museumunveiling-

indias-nuclear-odyssey/articleshow/102493238.cms?from=mdr
07 August, 2023 | by ET online

India's Apsara reactor at the Bhabha Atomic Research Centre (BARC) in Trombay is being transformed into a public museum in a project that could set a global precedent. Marking the genesis of the nuclear era for India and Asia when it was

opened by Prime Minister Jawaharlal Nehru in 1956, the one-megawatt reactor is to become a historical and educational artifact that will provide an immersive experience, offering visitors a glimpse into India's nuclear journey. The museum is

expected to be completed in around a year and will offer schoolchildren a firsthand encounter with the nation's nuclear journey.

In an unprecedented endeavor that could set a global precedent, the APSARA reactor at the Bhabha Atomic Research Centre (BARC) in Trombay is undergoing a transformation into a public museum. The reactor hailed for its groundbreaking significance, wasinaugurated 67 years ago on August 4, 1956, by India's first Prime

Minister Jawaharlal Nehru.

Serving as a pivotal milestone not only for India but also for Asia, the Apsara reactor marked the genesis of the nuclear era in the region. After over six decades of scientific exploration, it was finally decommissioned, and a novel chapter is now being scripted as it evolves into a museum. Rechristened as Apsara U, the one-megawatt reactor played a vital role in diverse scientific disciplines including nuclear physics, medical applications, material science, and radiation shielding.
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Plan to turn India‟s oldest nuclear reactor at Trombay into museum

In 2009, it was temporarily halted for a comprehensive refurbishment, later resuming its activities on September 10, 2018.However, shortly after, the decision to transform this iconic reactor into an educational and historical artifact was taken.

A milestone in this evolution was unveiled on a recent occasion, where memoirs of former Indian nuclear chief R Chidambaram were introduced, aptly titled 'India Rising: Memoirs of a Scientist'. During this event, BARC's director and the chairman of the Atomic Energy Commission, A K Mohanty, revealed the project's exciting prospects.

He confirmed the metamorphosis of Apsara into a museum that would unfold India's nuclear journey for the public. This ambitious endeavor, which has the potential to be unmatched globally, is envisaged as an immersive experience. It's intended to offer visitors a glimpse into the history of India's nuclear advancements, including the chance to witness the place where the renowned scientist Homi Bhabha once worked within the reactor. To ensure its historical authenticity, BARC is even collaborating with the Nehru Science Centre for guidance.

The innovative challenge faced by this project is how to enable public access to the museum while maintaining the stringent security standards of the BARC complex, a crucial hub for India's nuclear program. The current concept envisions visitors entering through the south gate, near the refineries. Despite these complex logistics, the project is gradually taking shape, with Mohanty indicating an approximate timeline of around a year for its completion. This transformation is not only a unique opportunity for history enthusiasts but also a promising prospect

for education. Once the Apsara museum attains its "criticality," schoolchildren are slated to visit in batches, providing them with a firsthand encounter of the nation's nuclear journey. 
The Apsara reactor's history has even found its way into popular culture, as it features in the TV series 'Rocket Boys,' albeit with a touch of cinematic embellishment Its origin story, as recounted in M R Srinivasan's autobiography

'From Fission to Fusion,' reflects the determined spirit of India's scientific pioneers.

This journey, marked by challenges and successes, is etched into the legacy of the Apsara reactor, which is now poised to inspire and educate generations to come.

BARC Achieves Breakthrough in Proton Accelerator – Indian Defence Research Wing

13 August, 2023 | by idrw.org

Source website link: https://idrw.org/barc-achieves-breakthrough-in-proton-acceleratorbarc-achieves-breakthrough-in/
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In a ground-breaking achievement, India‘s Low Energy High Intensity Proton Accelerator (LEHIPA) at the Bhabha Atomic Research Centre (BARC) has successfully reached its target energy of 20 MeV (Mega-electronvolts) with an intensity of approximately 2 milliamperes (mA). This remarkable feat marks a significant advancement in the realm of high-current and high-energy proton accelerators within the country, opening doors to a range of innovative applications.

LEHIPA‘s major sub-systems have been meticulously designed by Indian scientists and engineers from the Department of Atomic Energy (DAE) and developed primarily by Indian Micro, Small and Medium Enterprises (MSMEs).

One of the most promising applications of LEHIPA‘s breakthrough is in the field of advanced cancer treatment. The high-energy proton accelerator has the potential to significantly enhance cancer therapy, offering more precise and targeted treatments with reduced side effects. Proton therapy, known for its ability to deliver radiation to tumors while sparing healthy tissues, can revolutionize cancer

treatment by improving patient outcomes and quality of life.

Additionally, LEHIPA‘s achievement holds immense promise for isotope production, a critical component in medical imaging and diagnostics. Isotopes produced through proton accelerators play a crucial role in diagnosing and treating various medical conditions, offering non-invasive insights into the human body‘s functioning.

The successful realization of LEHIPA also paves the way for further advancements in proton accelerator technology. The breakthrough has implications for a wide range of applications, including radioactive ion beam research and the development of accelerator driven reactor systems (ADS). These technologies have the potential to contribute significantly to the fields of nuclear research and energy production.

India‘s commitment to advancing scientific knowledge and technological capabilities is underscored by Prime Minister Narendra Modi‘s recent announcement of a US$ 140 million in-kind contribution to the DAE-Fermilab PIP-II collaboration. This collaboration emphasizes India‘s dedication to pushing the boundaries of scientific exploration and harnessing the potential of proton accelerator technology for the greater good.

Dr. A. K. Mohanty, Secretary of the Department of Atomic Energy and Chairman of the Atomic Energy Commission, recently met and inspired the LEHIPA team in the control room following the successful achievement of the 20 MeV energy target. The momentous occasion not only celebrates the efforts of Indian scientists and engineers but also highlights the nation‘s determination to be at the forefront of scientific progress.

India@77: How India Became a Nuclear Power Despite all Odds

14 August, 2023 | by Apoorva Shukla

India not only acquired nuclear power but also emerged as a responsible nuclear state, thus strengthening New Delhi‟s geopolitical outreach.

 Source website link: https://www.republicworld.com/india-news/general-news/india-at-77-how-india-became-a-nuclear-power-despite-all-oddsarticleshow.
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After the collapse of the Soviet Union in 1991, Moscow had left thousands of nuclear weapons stationed on the newly independent Ukrainian soil. Ukraine decided to denuclearize and gave up its nuclear weapons in exchange for security guarantees from three countries- the US, the UK and Russia under the Budapest Memorandum (1994). Then hailed as a triumph of arms control, less than 30 years later, one of the guarantors attacked Ukraine. There is a lesson and that brings us to India‘s decision to acquire nuclear weapons. As the country celebrates its 77th Independence Day, let‘s have a look at India‘s nuclear journey. How a country which began as a proponent of peace and non-violence went to test highly destructive nuclear devices within a few decades of its independence.

India’s humble beginnings

India, after gaining independence in 1947, was facing several challenges- from ensuring food security to building infrastructure to hostilities on the borders. However, despite all this India pursued nuclear ambitions, initially for civilian causes which later turned into military capabilities.

India‘s nuclear programme traces its origin back to 1945 when Homi Bhabha founded the Tata Institute of Fundamental Research (Nuclear Research Centre) and the first reactor, Apsara was built, in 1956. The journey kicked off with the initial contributions of Homi JBhabha, first Prime Minister Jawaharlal Nehru, and former PM Lal Bahadur Shashtri, Dorabji Tata among others.

When did India feel the need to acquire nuclear weapons?

India was a proponent of peace and non-violence on the global stage, however, surrounded by two hostile neighbours- China and Pakistan and having fought 4 wars (1948, 1962, 1965 and 1971),India decided to acquire nuclear weapons as it could act as a deterrent to the aggression of the neighbours. With the defeat of China in 1962, the Indian Government decided to pursue military use of nuclear power.

In the aftermath of the 1971 Indo-Pak war, having lessons from the past, then Prime Minister Indira Gandhi authorised work on a fission device. The operation was called ‗Smiling Buddha‘. Seventy-five scientists and engineers at the Bhabha Atomic Research Centre (BARC) worked on the project which was indigenously developed.

When Buddha smiled in Pokhran!

The test was conducted on May 18, 1974, at Rajasthan's Pokhran range. The Indian Government then referred to it as a ―peaceful explosion‖ that would complement the country's development. What followed the explosion was sanctions from the Western world. 
However, India maintained firm on its stand and refused to sign the Non-Proliferation Treaty. In 1968, after the US, the UK, France, China and Russia had tested their nuclear bombs. Later, the group came up with the Non-Proliferation Treaty to prevent the non-nuclear states from acquiring or manufacturing nuclear weapons.

Nuclear winter and India’s bounce back

India battled economic sanctions and the relief came only after the LPG (Liberalisation, Privatisation and Globalization) reforms. However, there was a nuclear winter after Operation Smiling Buddha. The PV Narasimha Rao Government did try to relaunch India‘s nuclear programme but was forced to halt the project after  being caught red-handed by American satellites hovering over the

Indian subcontinent.

India realised its nuclear ambitions during PM Atal Bihari Vajpayee‘s tenure, when India tested 5 nuclear bombs, both fission and fusion, namely Shakti-1,2,3,4,5 between May 11-13, 1998. India was a nuclear-armed State by now, however, PM Vajpayee declared a moratorium on nuclear tests and laid out the infamous No First Use Doctrine,‘ which means that India would not use nuclear weapons first.

The emergence of India on the global stage

The Western powers were taken aback by India‘s endeavours and sanctions followed. The US President directed India to ―halt its nuclear program and join the countries singing CTBT (Comprehensive Test Ban Treaty).‖ However, India was in a better economic condition as compared to the previous tests. Under Prime Minister Manmohan Singh, India signed an agreement with the United States to cooperate in civil nuclear power. Through the Indo-US nuclear deal, India gained a special waiver which allowed it to cooperate with other countries on the nuclear front and separate its civilian and military programmes related to nuclear energy.

India, in its journey as an independent nation, not only acquired nuclear power but also emerged as a responsible nuclear state, thus strengthening New Delhi‘s geopolitical outreach.

A Fifth Force of Nature? Subatomic Particles are Defying the Laws of Physics

15 August, 2023 | by Chrissy Sexton
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Scientists at the US Energy Department‘s Fermilab in Batavia, Illinois may be on the brink of an astonishing breakthrough. Observations of a mysterious ―wobble‖ in muons – subatomic particles similar to electrons – may open up a new chapter of

physics. The unusual activity could potentially represent a fifth force of nature.

For years, physicists have tried to decode the intricacies of the universe on the most fundamental scale: the subatomic level. This is the world beyond what we can perceive, where particles smaller than atoms come into play. Atoms, which we can consider as the basic units of matter, interact to form molecules, the constituents of solids, gases, and liquids.

Finding a fifth force of nature

The cornerstone theory that describes the universe‘s mechanics at this scale is the Standard Model of particle physics. Conceived in the early 1970s, the Standard Model proposes that everything in existence is an outcome of interactions between a handful of fundamental particles. These interactions are mediated by four foundational forces of nature: the strong force, the weak force, the electromagnetic force, and gravity. 
Throughout the 20th century, the Standard Model emerged as a robust theory, demonstrating uncanny accuracy in predicting diverse phenomena. However, it‘s not without its blind spots. Some profound questions, like the constituents of dark matter and the reason for the observed imbalance between matter and antimatter,

remain unanswered.

Studying subatomic particles

To shed light on these enigmas, scientists at Fermilab embarked on a remarkable journey, diving deep into the world of muons. These particles, comparable to electrons but with a mass 200 times greater, come into existence when cosmic rays interact with the Earth‘s atmosphere. Being magnetic, muons exhibit a ―wobble‖ or ―precess‖ when exposed to intense magnetic fields.

The Fermilab‘s ―Muon g-2‖ experiment plunged these particles into a vast, donut-shaped superconducting magnetic storage ring, cooled to a staggering -268°C (-450°F). As muons raced around this ring at almost the speed of light, they revealed their dance by interacting with other subatomic particles, thereby altering their wobble.  Detectors meticulously tracked this wobble, comparing the observed

behavior to predictions from the Standard Model.

Fascinating possibilities

Brendan Casey, a senior scientist at Fermilab and a principal investigator of the study, noted, ―We are looking for an indication that the muon is interacting with something that we do not know about.‖ This ―something‖ could span from previously unknown subatomic particles and forces to unprecedented properties of

space-time. Casey even suggests the possibility of violating the Lorentz invariance, which claims the constancy of physical laws throughout the universe. ―That would be insane and revolutionary, he said.

Strong evidence

The revelations in the Fermilab mirror findings from 2021, but are even more convincing as they are supported by over four times the data. This bolsters the case for a departure from the Standard Model. ―With all this new knowledge, the result still agrees with the previous results, and this is hugely exciting,‖ said Dr. Rebecca

Chislett of University College London.

―Results further reinforce our team‘s previous precise  measurements of the muon‘s anomalous magnetic moment, reaching unprecedented accuracy in testing the Standard Model and probing deeper into the subatomic world.‖ This potential fifth force of nature serves as a pivotal milestone on the journey to fully understanding the subatomic realm.

The forces of nature

The forces of nature are fundamental interactions that govern how objects and particles interact with each other in the universe. These forces include:

Gravitational force

Gravitational force is a fundamental force of nature that causes any two masses to be attracted to each other. It‘s what keeps planets in orbit around the sun, causes apples to fall from trees, and holds galaxies together. This force is described by Sir Isaac Newton‘s law of universal gravitation and further refined by Albert Einstein‘s theory of general relativity. Both of these theories have been tested extensively and have been found to predict the behavior of objects under the influence of gravity quite accurately. However, under certain extreme conditions, general relativity offers more accurate predictions than Newtonian gravity.

Electromagnetic force

The electromagnetic force governs the interactions between charged particles and is responsible for a vast range of phenomena observed in the universe. The electromagnetic force can be attractive or repulsive. It acts between objects with electric charge. Like charges (e.g., two positive charges or two negative charges) repel each other, while opposite charges (a positive and a negative) attract each other.

It is mediated by photons, which are quanta of the electromagnetic field. These are the same photons that make up visible light, as well as other forms of electromagnetic radiation like radio waves, X-rays, and ultraviolet light. The electromagnetic force plays a crucial role in determining the structure and behavior of molecules and solids. It is responsible for chemical bonds, the behavior of electrical circuits, the operation of electronic devices, the transmission of light and

radio waves, and many other phenomena that we encounter in daily life.

Weak nuclear force

The weak nuclear force, often simply called the weak force or weak interaction, is responsible for certain types of particle interactions, particularly those involved in the process of radioactive decay. The most well-known effect of the weak force is beta decay. In betaminus decay, for instance, a neutron inside an atomic nucleus is

transformed into a proton while emitting an electron and an antineutrino. Conversely, in beta-plus decay, a proton can be converted into a neutron, with the emission of a positron and a neutrino.

The weak force plays a crucial role in the fusion processes that power the Sun and other stars. The proton-proton chain reaction, which is the dominant energy-producing process in the Sun, involves weak interactions to produce deuterium (a type of hydrogen nucleus), positrons, and neutrinos.

The weak interaction, along with the electromagnetic and strong nuclear force, is described within the framework of the Standard Model of particle physics. The Standard Model provides a unified description of these three forces, with gravity being the only fundamental force not yet integrated into this framework. Despite its name, the weak force is considerably stronger than gravity, but its effects are typically masked in everyday life due to its short range and the specific types of particles it affects.

Strong nuclear force

The strong nuclear force, often simply called the strong force or strong interaction, is primarily responsible for holding the protons and neutrons together within atomic nuclei. The primary role of the strong nuclear force is to bind protons and neutrons (collectively referred to as nucleons) together within the atomic nucleus. This is particularly remarkable considering that protons are positively charged and would repel each other due to electromagnetic forces. However, the strong force is much stronger than the electromagnetic force at short distances, overcoming the repulsive electromagnetic force between protons and binding them together inside the nucleus. The strong nuclear force is essential for the stability of atomic nuclei and, by extension, the existence of atoms, molecules, and matter as we know it.

These forces govern everything from the structure of atoms to the motion of galaxies, and their underlying principles are described by modern physics, including the theory of relativity and quantum field theory.

Source website link: https://www.earth.com/news/a-fifth-force-of-nature-subatomic-particles-are-defying-the-laws-of-physics
One photon is all it takes to kick off photosynthesis Researchers demonstrated the role of a single particle of light in photosynthetic bacteria
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In photosynthetic bacteria like Rhodobacter sphaeroides (pictured), photosynthesis is kicked off by an individual particle of light, new laboratory experiments have confirmed.

By Emily Conover

June 14, 2023 at 11:00 am

For photosynthesis, one photon is all it takes. Only a single particle of light is required to spark the first steps of the biological process that converts light into chemical energy, scientists report June 14 in Nature.While scientists have long assumed that the reactions of photosynthesis begin upon the absorption of just one photon, that hadn’t yet been demonstrated, says physical chemist Graham Fleming, of the University of California, Berkeley. He and colleagues decided “we would just look to see was it really true that one photon was enough to start the whole thing off.”  The sunlight that falls on Earth’s surface seems brilliant to human eyes. But on small scales, that translates to a dribble of photons. Only a few tens of photons of the appropriate wavelengths of sunlight fall on a square nanometer per second, the scale of the tiny chlorophyll and bacteriochlorophyll molecules that are central to photosynthesis in plants and bacteria.

Many laboratory experiments on photosynthesis use lasers, much more powerful light sources, to kick off the reactions. Instead, Graham and colleagues used a source of light that produces just two photons at a time. One photon served as a herald, going off to a detector to let researchers know when two photons were released. The other photon went into a solution containing photon-absorbing structures from the photosynthetic bacterium Rhodobacter sphaeroides. These structures, called light-harvesting 2 complexes, or LH2, are made up of two rings of bacteriochlorophyll and other molecules. 

In a normal photosynthesis reaction, LH2 absorbs a photon and passes its energy to another LH2 complex, and then another, like a game of hot potato. Eventually the energy reaches another type of ring, called the light-harvesting 1 complex, or LH1, which then passes it to the reaction center where the energy is finally converted into a form that the bacterium can use. In the experiment, there was no LH1, so the LH2 instead emitted a photon of a different wavelength than the first, a sign that energy had been transferred from the first ring of LH2 to the second, a first step of photosynthesis. The researchers detected that second photon, and by comparing the detection times to those of the initial herald photons, confirmed that the LH2 needed to absorb only one photon to kick things off.


Plants and bacteria use different processes for photosynthesis, but the initial steps are similar enough that in plants, too, a single photon would set off the initial steps, Fleming says. However, in plants, multiple independently absorbed photons are needed in order to complete the reaction. The role of single photons isn’t surprising, says biochemist Richard Cogdell of the University of Glasgow in Scotland. The important thing the researchers have done, he says, is to demonstrate the new technique. “By doing this you’re able to essentially interrogate what will be happening in nature,” he says.   Some scientists suspect that photosynthesis relies on quantum physics (SN: 2/3/10). While it’s not clear whether the new technique could resolve the role of quantum effects, it could help scientists disentangle natural effects from artifacts of using intense sources of light in studies of photosynthesis. “You can really work out what’s happening in the early reactions in photosynthesis as it were outside,” says Cogdell, “[as if] you could shrink yourself down and watch these photons moving around.”

 LVM3 is the operational heavy lift launch vehicle of ISRO and has a spectacular pedigree of completing 6 consecutive successful missions. This is the 4th operational flight of LVM3, aims to launch the Chandrayaan-3 spacecraft to Geo Transfer Orbit (GTO).


LVM3 has proved its versatility to undertake most complex missions like: 


Injecting multi-satellites 


Mission planning to ensure safe relative distance among separated satellites through re-orientation and velocity addition maneuvers. 


Multi orbit (LEO, MEO, GEO) and execute interplanetary missions. 


India’s largest and heaviest launch vehicle ferrying indian and international customer satellites.


LVM3-M4 will be launched from the Second Launch Pad (SLP), SDSC, SHAR.








 This is very -very special issue as Bharat has witnessed two proud incredible historical events, landing of Chandryan-3  and Launching of Aditya L1 on . september 2.Bharat has achieved the honor of  being first country in the world to land on south pole of moon and fourth country in the world to land on moon. So far America, Russia and china have landed on moon. September 02, 2023, Bharat's first solar observatory has begun its journey to the destination of Sun-Earth L1 point 
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