3. Atomic Clock Cripples ISRO’s NaviC - Science & Technology

India’s indigenous navigation system NavIC has faced a technical setback with the failure of IRNSS-1F
due to malfunction of its last operational rubidium atomic clock. This highlights the critical dependence
of satellite navigation systems on high-precision timing devices and raises concerns about the long-

term reliability and maintenance of India’s navigation infrastructure.

1.About Atomic Clocks
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1. Definition and significance

1. Atomic clocks are ultra-precise timekeeping devices that use the natural vibration frequencies of
atoms such as rubidium or cesium.

2. They form the backbone of global navigation satellite systems by providing extremely accurate
timing signals.

2. Working principle

1. Atoms absorb or emit radiation at highly stable frequencies when transitioning between energy
levels.
These frequencies are measured and converted into precise time signals.
Even a deviation of a few nanoseconds can lead to significant positional errors in navigation
systems.

3. Importance in satellite navigation

1. Satellite positioning is based on trilateration, which requires precise time signals from multiple
satellites.

2. Any clock malfunction directly affects accuracy, reliability, and continuity of navigation services.

2.Navigation with Indian Constellation (NavIC)

1. Overview

1. NaviIC is India’s autonomous regional navigation satellite system developed by the Indian Space
Research Organisation.
It was earlier known as Indian Regional Navigation Satellite System.
The system became operational in 2018 after the deployment of its initial constellation.



2. Coverage and service area

1. Provides accurate Position, Velocity, and Timing services across India.
2. Extends coverage up to 1500 km beyond India’s borders.

3. Ensures strategic independence from foreign systems like GPS.

3. Constellation architecture
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Designed with a constellation of 7 satellites.
2. Three satellites are placed in geostationary orbit.
3. Four satellites are placed in inclined geosynchronous orbit.
4. Supported by a network of ground stations operating continuously.
4. Types of services
1. Standard Position Service for civilian users.
2. Restricted Service for authorized strategic and military users.
5. Accuracy and performance
1. Position accuracy better than 20 meters in the core service area.
2. Timing accuracy better than 40 nanoseconds.
3.Issue- Failure of IRNSS-1F Satellite
1. Technical cause
1. Failure of the last operational rubidium atomic clock onboard the satellite.
2. Atomic clock degradation is a known issue in earlier NavIC satellites.
2. Impact on NaviC system
1. Reduction in redundancy and reliability of the constellation.
2. Potential decline in accuracy of navigation services.
3. Increased dependence on replacement satellites or backup systems.
3. Broader concerns
1. Earlier satellites also faced atomic clock failures, indicating design or supply chain vulnerabilities.
2. Llimited domestic capability in high-precision atomic clock manufacturing.
4.Strategic and Technological Significance of NavIC
1. Strategic autonomy
1. Reduces dependence on foreign systems such as GPS (USA), GLONASS (Russia), and Galileo (EU).
2. Critical for military operations, missile guidance, and secure communications.
2. Civilian applications
1. Navigation in transport sectors such as aviation, shipping, and road transport.
2. Disaster management and search-and-rescue operations.
3. Integration with smartphones and vehicle tracking systems.
3. Economic potential
1. Enables development of indigenous navigation-based services and applications.
2. Supports Digital India and logistics efficiency.
Challenges
1. Technological limitations
1. Dependence on imported atomic clock components.
2. Reliability issues in earlier satellites.
2. Limited global coverage



1. NavlIC is regional, unlike global systems like GPS.
3. Adoption challenges
1. Limited integration in commercial devices and global platforms.
5.Way Forward
1. Indigenous development of atomic clocks
1. Strengthen domestic R&D in rubidium and cesium clock technology.
2. Reduce dependence on foreign suppliers.
2. Constellation augmentation
1. Launch replacement satellites with improved clock reliability.
2. Expand constellation for better redundancy and coverage.
3. Policy and ecosystem support
1. Promote NavIC integration in smartphones and transport systems.
2. Encourage private sector participation in navigation-based services.
Conclusion
The failure of IRNSS-1F underscores the critical role of atomic clock reliability in satellite
navigation systems. Strengthening indigenous technological capabilities and ensuring redundancy in
satellite constellations will be essential for sustaining NavIC as a cornerstone of India’s strategic and
technological autonomy.
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