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Document Approval & Preface

This comprehensive roadmap has been meticulously prepared by Divya Darsheel
Sharma and formally approved by the Physics Department of the National School of
Sciences. It is designed to serve as the definitive guide for students under the National
Examination Board (NEB) curriculum in Nepal who aspire to transition from standard
board examinations to the rigorous demands of the National Astronomy Olympiad
(NAO) and ultimately the International Olympiad on Astronomy and Astrophysics
(IOAA).

Approved by: The Physics Department, National School of Sciences. Prepared
by: Divya Darsheel Sharma. Date: September 2026.

Astronomy Olympiad preparation is fundamentally different from Physics or
Chemistry. It is not about memorizing space facts. Instead, it is an integration of
Astronomy, Physics, Mathematics, Observation, and Data Analysis. In Nepal, the
relevant senior competition is the National Astronomy Olympiad (NAO) run by the
Nepal Astronomical Society (NASO), which progresses through Provincial, National,
and Final Closed Camp stages. The international target is the I0OAA, whose official
syllabus explicitly expects strong astronomical knowledge plus high-school physics
and mathematics, without requiring complex numbers or differential equations for
standard solutions.
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Executive Summary

This document provides a structured, rigorous, and exhaustive syllabus breakdown for
NEB Grade 11-12 students. The curriculum is divided into progressive levels, from
Level 0 (Mathematical & Physics Toolkit) to Level 10 (Practical & Observational
Competence), followed by a strategic breakdown of the Provincial, National, and
International competition tiers. A central tenet of this roadmap is that astronomy
preparation should not become a giant memorization project. The correct approach is
to learn astronomical concepts, derive relationships, practice calculations, observe the
sky, analyze data, and solve unfamiliar problems.
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Level 0 — Mathematical & Physics
Toolkit

Before engaging with astronomical content, students must build the supporting
toolkit. The official IOAA syllabus specifically calls for high-school mathematics and
physics, including astronomical coordinate systems and calculations.

Mathematics & Geometry

- Algebra: Manipulation, ratios, scientific notation, logarithms, exponentials, and
approximation.

- Geometry & Trigonometry: Triangles, spherical geometry basics, sine/cosine
rules, and angular coordinates.

- Graphs: Slopes, intercepts, linear relationships, logarithmic plots, and exponential
relationships.

- Astronomy Mathematics: Angular size, parallax, inverse-square relationships,
and magnitude/logarithmic scales.

Physics Foundations

- Mechanics: Newton's laws, circular motion, and gravitation.

- Waves & Optics: Electromagnetic spectrum, Doppler effect, and basic telescope
optics.

- Thermodynamics: Blackbody radiation and heat transfer concepts.
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Level 1 — Astronomical Foundations

The Celestial Sphere & Coordinates (Priority:
Maximum)

This is one of the biggest foundations. Students must master the celestial sphere,
zenith, nadir, horizon, meridian, celestial poles, equator, ecliptic, and equinoxes/
solstices.

- Coordinate Systems: Altitude-azimuth, right ascension, declination, hour angle,
and introductory galactic coordinates.

- Core SKill: Given an observer's location and time, determine where a celestial
object appears in the sky.

Earth-Sky Geometry & Time

- Earth's rotation, revolution, axial tilt, precession, and circumpolar regions.

- Time Systems: Solar vs. sidereal day, local time, UTC, Julian Date, and the
equation of time.

- Calendars and time zones, and converting between observational time systems.
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Level 2 — Solar System

Sun-Earth-Moon System & Eclipses (Priority:
Maximum)

- Solar structure, surface, sunspots, activity, and radiation.
- Lunar phases, synodic vs. sidereal month, and lunar orbit.

- Eclipse geometry, conditions for solar/lunar eclipses, and tidal forces (spring/neap
tides).

Solar System Bodies & Comparative Planetology

Know the broad physical and orbital characteristics of the planets, dwarf planets,
asteroids, comets, and the Kuiper Belt/Oort Cloud. Do not memorize random trivia;
focus on why these planets are physically different (mass, radius, density, atmosphere,
magnetic fields, geological activity).

Orbital Mechanics (Priority: Maximum)

This is where astronomy becomes physics. Master Newton's law of universal
gravitation, gravitational potential, orbital/escape velocity, and Kepler's three laws. You
must be able to derive and use relationships involving orbital period, radius, mass, and
velocity. Higher-level topics include orbital energy, angular momentum, geostationary
orbits, and transfer orbits.
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Level 3 — Stellar Astronomy

This is one of the most important areas for serious IOAA preparation.

Stellar Properties & Magnitudes (Priority: Maximum)

- Luminosity, apparent brightness, flux, radius, temperature, mass, and density.

- Key Relationships: Stefan-Boltzmann law (L = 47R*B T%), Wien's law, and the
inverse-square law.

- Magnitude System: Apparent vs. absolute magnitude, brightness ratios, and
distance modulus. Understand the logarithmic nature of the system.

Spectra & The Hertzsprung-Russell Diagram
(Priority: Maximum)

- Continuous, emission, and absorption spectra. Spectral classification (O, B, A, F, G,
K, M) linked to surface temperature.

- HR Diagram: Luminosity, absolute magnitude, temperature, spectral type, main
sequence, giants, supergiants, and white dwarfs.

- Stellar Evolution: Protostars, main sequence hydrogen burning, red giants,
helium burning, white dwarfs, neutron stars, supernovae, and black holes.
Understand how initial mass dictates the evolutionary pathway.

Stellar Structure & Nuclear Processes

- Hydrostatic equilibrium, energy generation, radiation transport, and convection.

- Nuclear processes: Proton-proton chain, CNO cycle, and helium burning.
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Level 4 — Galactic & Extragalactic
Astronomy

The Milky Way & Galaxies

- Galactic structure: Disk, bulge, halo, spiral arms, globular/open clusters, and the
interstellar medium.

- Galaxy morphology: Spiral, elliptical, irregular, active galaxies, and galaxy
clusters.

- Advanced: Galactic rotation curves and dark matter evidence.

Distances & Cosmology (National/International
Priority)

- The Distance Ladder: Parallax, standard candles, Cepheid variables, and
supernovae.

- Cosmology: Expansion of the universe, Hubble's law, redshift, cosmic microwave
background, Big Bang model, dark matter, and dark energy.

- Relativity & High-Energy: Special relativity basics, mass-energy equivalence,
black holes, event horizons, accretion disks, and pulsars.
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Levels 5, 6 & 7 — Astrophysics,
Observation & Data Analysis

Astrophysics & Binary Systems (Priority: Maximum)

- Doppler Effect: Redshift, blueshift, radial velocity, and spectroscopic binaries.

- Binary Stars: Visual, spectroscopic, and eclipsing binaries. Mass determination
and orbital periods.

- Exoplanets: Transit method, radial-velocity method, transit depth, and basic
habitability concepts.

Observational Astronomy

- Naked-Eye: Major constellations, bright stars, planets, cardinal directions, and
seasonal sky changes.

- Star Charts: Planispheres, constellation maps, and coordinate conversion.

- Telescopes: Refractors vs. reflectors, aperture, focal length, magnification,
resolution, and light-gathering power.

Astronomical Data Analysis (Priority: Maximum)

IOAA explicitly emphasizes correct SI units, rounding, and appropriate significant
digits. The main skill is transitioning from Data > Model - Physical Interpretation.

- Photometry: Light curves, variable stars, and transit depth analysis.

- Spectroscopy: Wavelength measurement, Doppler shifts, and chemical
composition inference.

- Error & Uncertainty: Random vs. systematic error, error propagation, and best-fit
relationships.
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Levels 8, 9 & 10 — Technology,
Advanced Topics & Practical
Competence

Space Technology & Modern Astrophysics

- Multiwavelength Astronomy: Why different objects are studied at radio, infrared,
visible, X-ray, and gamma-ray wavelengths.

- Compact Objects & High-Energy Phenomena: Supernovae, gamma-ray bursts,
active galactic nuclei, quasars, and jets.

- Dark Universe & Gravitational Waves: Rotation curves, gravitational lensing,
accelerating expansion, and binary mergers.

Practical & Observational Competence

This needs to run throughout preparation. Students must be able to identify stars/
planets, read sky maps, estimate angular separations, measure brightness and time,
calculate distances and orbital parameters, and interpret spectra and light curves while
handling measurement uncertainty.
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The Four Olympiad Levels

Unlike Chemistry, Astronomy should not be prepared as 'finish all chapters first. The
stages should progressively shift from astronomy knowledge to astronomical
calculation, observation, and astrophysical reasoning.

Provincial Round — Foundation + Awareness

Focus heavily on the solar system, Earth-Moon-Sun geometry, basic celestial
coordinates, seasons, eclipses, and foundational physics/math. Objective: Know
astronomy and calculate basic quantities quickly.

National Round — Application

Shift toward celestial coordinates, orbital mechanics, Kepler's laws, magnitudes, stellar
properties, and HR diagrams. Begin prioritizing observational and data problems (e.g.,
inferring properties from light curves or spectra).

National Final / Closed Camp — Serious Olympiad

Very high priority on spherical astronomy, coordinate transformations, time systems,
binary stars, and spectroscopy. Start solving integrated problems: Observation -
Astronomy Model - Physics Equation - Numerical Result.

International (I0AA) Level

Combine observation, mathematics, physics, astrophysics, and data analysis to solve
unfamiliar problems. Theoretical and practical/observational components are equally
weighted and rigorous.
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Final Priority Map

S-Tier — Master First (The Backbone)

- 1. Celestial sphere & coordinates

- 2. Earth-Sun-Moon geometry

- 3. Gravitation & Kepler's laws

- 4. Orbital mechanics

- 5. Stellar properties & Magnitudes
- 6. Spectra & HR diagram

- 7. Stellar evolution

- 8. Observational astronomy & Data analysis

A-Tier — Very Important

- Binary stars, Solar system dynamics, Time systems, Spherical astronomy,
Doppler effect, Photometry, Telescope optics, Galactic astronomy, Cosmology,
Eclipses & Tides.

B-Tier — Advanced Edge (National/International)

- Exoplanets, Radio/CCD astronomy, Compact objects (White dwarfs, Neutron stars,
Black holes), Gravitational waves, Dark matter/energy, High-energy astrophysics.

Roadmap to the International Astronomy Olympiad Page 11 of 14



NATIONAL SCHOOL OF SCIENCES SEPTEMBER 2026

The Clean Master Checklist

Domain Core Topics

Foundations Celestial sphere, coordinates, time systems, Earth-Moon-Sun, seasons,
eclipses

Solar System Planets, dwarf planets, small bodies, comparative planetology, orbital
mechanics

Stellar Luminosity, flux, blackbody, magnitudes, spectra, HR diagram, stellar

evolution, binaries

Galactic/ Milky Way, galaxy types, distance ladder, Hubble's law, cosmology

Extragalactic

Observational Naked-eye, star charts, telescopes, CCDs, photometry, spectroscopy, data
analysis

Modern Exoplanets, compact objects, high-energy phenomena, dark universe,

Astrophysics gravitational waves

Supporting Mechanics, gravitation, waves, optics, algebra, trigonometry, spherical

Toolkit geometry, statistics
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Conclusion

The most important thing for a Nepal Grade 12 student is that Astronomy preparation
should not become a giant memorization project. The wrong approach is to memorize
planets, stars, constellations, and facts. The right approach is to learn concepts, derive
relationships, practice calculations, observe the sky, and analyze data. You do not need
university-level mathematics to be competitive; high-school physics and
mathematics are explicitly sufficient for the IOAA toolkit.

The preparation hierarchy should be: Spherical Astronomy + Orbital Mechanics +
Stellar Astronomy + Observational Astronomy + Data Analysis, followed by Solar
System, Spectroscopy, Binary Stars, Galactic Astronomy, and Cosmology. This
curriculum starts realistically at Nepal's NAO senior level and scales cleanly toward the
IOAA.

Roadmap to the International Astronomy Olympiad Page 13 of 14



NATIONAL SCHOOL OF SCIENCES SEPTEMBER 2026

References and Recommended
Literature

[1] Nepal Astronomical Society (NASO). National Astronomy Olympiad (NAO) Guidelines and
Selection Framework. NASO, 2024.

[2] International Olympiad on Astronomy and Astrophysics (I0AA). Official Syllabus and
Organizational Governance. IOAA Secretariat.

[3] USAAAO. Syllabus of the International Olympiad on Astronomy and Astrophysics.
USAAAQ, 2016.

[4] Ministry of Education, Curriculum Development Centre (CDC). Secondary Level Physics
Curriculum, Grades 11-12. Government of Nepal, 2078 (2021).

(5] Carroll, B. W, & Ostlie, D. A. An Introduction to Modern Astrophysics. Cambridge University
Press, 2017.

(6] Zeilik, M., & Gregory, S. A. Introductory Astronomy and Astrophysics. Brooks Cole, 1998.

Roadmap to the International Astronomy Olympiad Page 14 of 14



