Stars and galaxies

CHAPTER 7. STARS AND GALAXIES

NATURE OF STARS
A fascinating topic! The nature of stars is a fundamental aspect of astronomy and astrophysics
What are stars?

Stars are massive, luminous balls of gas that are held together by their own gravity. They are primarily
composed of hydrogen and helium, and their life cycles are determined by their mass.

Life cycle of stars:

1. Protostar formation: A star is born from a giant molecular cloud of gas and dust that collapses under
gravity.

2. Main sequence: The star fuses hydrogen into helium in its core, releasing energy in the form of light
and heat.

3. Red giant: As the star's hydrogen fuel runs out, it expands to become a red giant, fusing helium into
heavier elements.

4. White dwarf: Once the star has exhausted its fuel supply, it contracts into a hot, compact white dwarf.

5. Supernova: Massive stars end their lives in a spectacular explosion, scattering heavy elements into
space

Characteristics of stars:
- Mass: The amount of matter in a star, which determines its life cycle and ultimate fate.
- Surface temperature: The temperature at the star's surface, which determines its color and spectral type.
- Luminosity: The amount of energy emitted by a star per unit time.

- Composition: The mix of elements present in a star, which changes over its life cycle.
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Types of stars:

- Main-sequence stars (like the Sun)
- Red giants
- White dwarfs
- Neutron stars
- Black holes
- Variable stars (e.g., Cepheid variables, RR Lyrae variables)
- Exotic stars (e.g., quark stars, preon stars)

COLOUR AND TEMPERATURE
Color:
The color of a star is determined by its surface temperature. Stars come in a variety of colors, including:
1. Red: Cool surface temperature (around 3,000-4,000 K)
2. Orange: Medium surface temperature (around 4,000-6,000 K)
3. Yellow: Medium-hot surface temperature (around 5,500-6,000 K)
4. White: Hot surface temperature (around 7,000-10,000 K)
5. Blue: Very hot surface temperature (above 10,000 K)
Temperature:

The surface temperature of stars ranges from about 3,000 K to over 60,000 K. The temperature
determines the color and also affects the star's life cycle and properties.

Temperature ranges:

1. Cool red dwarfs: 3,000-4,000 K

2. Main-sequence stars: 5,000-10,000 K
3. Hot blue giants: 10,000-50,000 K

4. Extremely hot stars: 50,000-100,000 K

Relationship between color and temperature
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As the surface temperature increases, the star's color shifts from red to orange, yellow, white, and finally
blue. This is because hotter stars emit more light in the blue and ultraviolet parts of the spectrum.

Keep in mind that there are other factors that can affect a star's color, such as interstellar gas and dust,
which can cause reddening or dimming. However, in general, the color of a star is a good indicator of its
surface temperature.

ENERGY IN STARS

A stellar topic! Energy is the lifeblood of stars, and it's what makes them shine. Here's a brief overview of
energy in stars:

Energy Sources:

1. Nuclear Fusion: The primary energy source for main-sequence stars like our Sun. Hydrogen atoms are
fused into helium, releasing vast amounts of energy in the form of light and heat.

2. Gravitational Contraction: As stars form, they contract under gravity, converting potential energy into
kinetic energy and heat.

3. Radioactive Decay: In some stars, energy is generated by the decay of radioactive elements like
uranium and thorium.

Energy Production:

1. Proton-Proton Chain: The most common fusion process in stars, where hydrogen nuclei (protons) are
fused into helium nuclei.

2. CNO Cycle: A secondary fusion process that occurs in hotter stars, involving carbon, nitrogen, and
oxygen nuclei.

3. Triple-Alpha Process: A process that occurs in very hot stars, where three helium nuclei are fused into
carbon.

Energy Transport:

1. Radiation: Energy is transferred through radiation, where photons carry energy from the core to the
surface.

2. Convection: Energy is transferred through convection, where hot material rises to the surface, cools,
and then sinks back down.

3. Conduction: Energy is transferred through conduction, where energy is transferred through direct
contact between particles.

Energy Release:

1. Light: Energy is released as electromagnetic radiation, including visible light, ultraviolet (UV)
radiation, and X-rays.
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2. Heat: Energy is released as thermal energy, warming the star's surface and surrounding space.
3. Kinetic Energy: Energy is released as kinetic energy, powering stellar winds and outflows.
Energy Balance:

Stars maintain a delicate energy balance, where energy production equals energy loss. If a star were to
produce more energy than it loses, it would expand and cool. If it loses more energy than it produces, it
would contract and heat up.

EVOLUTION OF STARS

A stellar topic! The evolution of stars is a fascinating process that spans millions to billions of years.
Here's a brief overview:

Stage 1: Protostar Formation

- A giant molecular cloud collapses under gravity

- The core becomes increasingly hot and dense

- A protostar forms, fusing hydrogen into helium
Stage 2: Main Sequence

- The star fuses hydrogen into helium in its core

- Energy is released through radiation and convection
- The star remains stable, fusing hydrogen into helium
Stage 3: Red Giant Branch

- Hydrogen fuel runs out in the core

- The core contracts and heats up

- The star expands to become a red giant, fusing helium into heavier elements
Stage 4: Helium Flash

- Helium fusion ignites in the core

- A brief helium flash occurs, causing expansion
Stage 5: White Dwarf Cooling

- The star sheds its outer layers, leaving a hot core

- The core cools, becoming a white dwarf

- Energy is released through thermal radiation
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A stellar topic! The evolution of stars is a fascinating process that spans millions to billions of years.
Here's a brief overview:

Stage 1: Protostar Formation

- A giant molecular cloud collapses under gravity

- The core becomes increasingly hot and dense

- A protostar forms, fusing hydrogen into helium
Stage 2: Main Sequence

- The star fuses hydrogen into helium in its core

- Energy is released through radiation and convection
- The star remains stable, fusing hydrogen into helium
Stage 3: Red Giant Branch

- Hydrogen fuel runs out in the core

- The core contracts and heats up

- The star expands to become a red giant, fusing helium into heavier elements
Stage 4: Helium Flash

- Helium fusion ignites in the core

- A brief helium flash occurs, causing expansion
Stage 5: White Dwarf Cooling

- The star sheds its outer layers, leaving a hot core

- The core cools, becoming a white dwarf

- Energy is released through thermal radiation

Stage 6: Neutron Star or Black Hole

- Massive stars undergo a supernova explosion

- The core collapses into a neutron star or black hole
Additional Stages:

- Brown Dwarfs: Failed stars that never ignited fusion
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- Blue Stragglers: Stars that have undergone mass transfer or merger

- Variable Stars: Stars that change brightness due to various processes

Factors Influencing Evolution:

- Mass: Determines the star's life cycle and final fate

- Metallicity: Affects the star's opacity and energy production

- Rotation: Influences the star's internal mixing and angular momentum

- Binary Interactions: Can transfer mass, energy, and angular momentum
THE SUN

Our star, the Sun! Let's dive into some fascinating facts about our celestial companion:

Structure:

- Core: 15,000,000°C (27,000,000°F)

- Radiative zone: Energy transfer through radiation

- Convective zone: Energy transfer through convection

- Photosphere: Visible surface, 5,500°C (10,000°F)

- Chromosphere: Layer above photosphere, visible during eclipses

- Corona: Outer atmosphere, millions of degrees Celsius

Characteristics:

- Mass: 330,000 Earth masses

- Radius: 109 Earth radii

- Surface gravity: 28 times Earth's gravity

- Luminosity: 3.8 x 10726 Watts

- Temperature: 5,500°C (10,000°F)

- Composition: 75% hydrogen, 25% helium

Life Cycle:

- Current stage: Main Sequence (hydrogen fusion)

- Age: 4.6 billion years
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- Expected life: 10 billion years

- Final fate: Red Giant, then White Dwarf

Interesting Facts:

- The Sun is a G-type main-sequence star (G2V)

- It makes up 99.8% of our solar system's mass

- The Sun's light takes 8 minutes and 20 seconds to reach Earth

- The Sun's energy is essential for life on Earth

- The Sun has sunspots, solar flares, and coronal mass ejections

Cultural Significance:

- The Sun has been worshiped and revered across cultures

- Ancient civilizations tracked its movements and cycles

- The Sun is a symbol of life, energy, and warmth
GALAXIES

Galaxies are massive, gravitationally bound systems consisting of stars, stellar remnants, interstellar gas,
dust, and dark matter, typically dominated by a central supermassive black hole. Let's dive into some
fascinating aspects of galaxies:

Types of Galaxies:

1. Spiral Galaxies (e.g., Milky Way): Disk-shaped with spiral arms

2. Elliptical Galaxies: Football-shaped, mostly older stars

3. Irregular Galaxies: Chaotic, no distinct shape

4. Active Galaxies (e.g., Quasars): Extremely luminous, powered by supermassive black holes
5. Dwarf Galaxies: Small, low-luminosity galaxies

Galaxy Evolution:

1. Formation: Gas and dust collapse, fragmentation, and merging

2. Star Formation: Gas collapse, star birth, and evolution

3. Galaxy Interactions: Merging, tidal forces, and starbursts

4. Black Hole Growth: Supermassive black hole evolution and feedback
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5. Cosmic Web: Galaxies are connected through filaments and voids
Galaxy Components:
1. Stars: Various ages, masses, and chemical compositions
2. Interstellar Medium (ISM): Gas and dust
3. Dark Matter: Invisible, non-luminous matter
4. Supermassive Black Holes: Central, massive black holes
5. Globular Clusters: Ancient, dense star clusters
Observational Evidence:
1. Galaxy Rotation Curves: Stars and gas move faster than expected
2. Galaxy Clusters and Large-Scale Structure: Distribution and web-like patterns
3. Cosmic Microwave Background Radiation: Residual heat from the Big Bang
4. Gravitational Lensing: Bending of light around massive galaxies
Theoritical Frameworks:
1. Cold Dark Matter (CDM) Model: Successful on large scales, but faces challenges on small scales
2. Alternative Theories: Modified Newtonian Dynamics (MOND), TeVeS, and others
Open Questions and Research Areas:
1. Dark Matter Nature: Composition and properties
2. Galaxy Formation and Evolution: Detailed processes and feedback mechanisms
3. Black Hole Growth and Feedback: Impact on galaxy evolution
4. Cosmic Web and Large-Scale Structure: Galaxy distributions and properties
CHAPTER: 8
SATELLITES AND COMUNICATION

Satellites and communication go hand-in-hand, enabling global connectivity and data transfer. Here's a
brief overview:

Types of Satellites:
1. Geostationary (GEO): Orbit at 36,000 km, stationary relative to Earth's surface

2. Medium Earth Orbit (MEO): Orbit between 2,000-36,000 km
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3. Low Earth Orbit (LEO): Orbit below 2,000 km

4. Polar Orbiting Satellites: Orbit over polar regions

5. Sun-Synchronous Orbit (SSO): Orbit in sync with the Sun
Communication Satellite Applications:

1. Telecommunications: Voice, data, and internet connectivity
2. Broadcasting: Television and radio signals

3. Navigation: GPS, GLONASS, and other satellite navigation systems
4. Weather Forecasting: Meteorological data and imaging

5. Earth Observation: Land use, climate monitoring, and scientific research
6. Scientific Research: Space exploration and astronomy
Communication Satellite Components:

1. Transponders: Receive, amplify, and retransmit signals

2. Antennas: Transmit and receive data

3. Propulsion Systems: Station-keeping and orbit maintenance
4. Power Systems: Solar panels and batteries

5. Control Systems: Monitor and control satellite operations
Communication Satellite Frequency Bands:

1. C-Band: 4-8 GHz

2. Ku-Band: 12-18 GHz

3. Ka-Band: 26-40 GHz

Communication Satellite Components:

1. Transponders: Receive, amplify, and retransmit signals

2. Antennas: Transmit and receive data

3. Propulsion Systems: Station-keeping and orbit maintenance
4. Power Systems: Solar panels and batteries

5. Control Systems: Monitor and control satellite operations
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Communication Satellite Frequency Bands:

1. C-Band: 4-8 GHz

2. Ku-Band: 12-18 GHz

3. Ka-Band: 26-40 GHz

4. L-Band: 1-2 GHz

5. S-Band: 2-4 GHz

Notable Communication Satellites:

1. Intelsat 1 (Early Bird): First commercial communications satellite
2. Telstar 1: First satellite to transmit television signals

3. Iridium: Constellation of 66 satellites for global phone coverage
4. Hubble Space Telescope: Orbiting observatory for astronomical research

5. International Space Station (ISS): Orbiting laboratory and testbed

Satellites play a vital role in modern communication, enabling global connectivity and data transfer.
SATELLITE ORBITS

Satellite orbits are the paths that satellites follow as they revolve around the Earth or other celestial
bodies. Here are some key aspects of satellite orbits:

Types of Orbits:

1. Low Earth Orbit (LEO): Altitude of around 160-2,000 km

2. Medium Earth Orbit (MEO): Altitude of around 2,000-36,000 km

3. Geostationary Orbit (GEO): Altitude of around 36,000 km, stationary relative to Earth's surface

4. High Earth Orbit (HEO): Altitude of around 36,000-40,000 km

5. Polar Orbit: Orbit over polar regions, often used for weather and Earth observation satellites

6. Sun-Synchronous Orbit (SSO): Orbit in sync with the Sun, often used for Earth observation satellites
7. Molniya Orbit: Highly elliptical orbit, used for communication satellites

8. Tundra Orbit: Highly elliptical orbit, used for communication satellites

Orbital Parameters:

EXCELL IN O’LEVEL PHYSICS BY YIGA ASHRAF KASUMBA ©2023 first edition Page 10



Stars and galaxies

1. Semi-major axis (a): Average distance from the center of the Earth

2. Eccentricity (e): Shape of the orbit (circular, elliptical, etc.)

3. Inclination (i): Angle between the orbit and the equatorial plane

4. Longitude of the ascending node (Q2): Angle between the orbit and the reference meridian

5. Argument of periapsis (®): Angle between the orbit and the closest approach to the Earth

6. True anomaly (f): Angle between the satellite's position and the closest approach to the Earth
Orbit Maintenance:

1. Station-keeping: Maintaining the satellite's position and velocity

2. Orbit raising/lowering: Adjusting the satellite's altitude

3. Orbital maneuvers: Changing the satellite's trajectory

Orbit Types and Applications:
1. Communication satellites: GEO, MEO, LEO
2. Navigation satellites: MEO, GEO
3. Weather satellites: GEO, LEO
4. Earth observation satellites: LEO, SSO
5. Scientific research satellites: Various orbits
GLOBAL POSITIONING SYSTEM (G.P.S)

The Global Positioning System (GPS) - a network of satellites orbiting the Earth, providing location
information to GPS receivers on the ground. Let's break it down:

Components:

1. Satellites (24-32): Orbiting the Earth at an altitude of approximately 20,000 km
2. GPS Receivers: Detecting and decoding signals from GPS satellites

3. Ground Control: Monitoring and correcting satellite positions and clocks
How GPS Works:

1. Satellites transmit radio signals containing their location and time

2. Receivers detect signals from multiple satellites (at least 4)
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3. Receiver calculates its distance from each satellite (using time delay)

4. Receiver determines its location (latitude, longitude, altitude) using trilateration

GPS Applications:

1. Navigation (aviation, maritime, land)

2. Tracking (vehicles, packages, people)

3. Mapping and surveying

4. Timing (synchronization of clocks)

5. Agriculture (precision farming)

6. Emergency services (location-based)

GPS Signal Structure:

1. L1 and L2 frequencies (1575.42 MHz and 1227.60 MHz)

2. C/A (Coarse/Acquisition) and P(Y) (Precise) codes

3. Navigation data (satellite position, clock correction, etc.)

GPS Augmentation Systems:

1. WAAS (Wide Area Augmentation System)

2. EGNOS (European Geostationary Navigation Overlay System)

3. MSAS (Multi-Functional Satellite Augmentation System)

Challenges and Limitations:

1. Signal multipath and interference

2. Atmospheric delays (ionospheric and tropospheric)

3. Satellite geometry and visibility

4. Receiver noise and bias

GPS has revolutionized navigation and timing, with applications in various fields.
SPACE EXPLORATION

Space exploration - the final frontier! Humanity's quest to explore and understand the vastness of space
has led to incredible achievements and discoveries. Let's embark on a journey through the highlights of
space exploration:
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Early Years:
1. Sputnik 1 (1957): First artificial satellite
2. Explorer 1 (1958): First successful US satellite

3. Luna 2 (1959): First spacecraft to impact the Moon
Moon Landing:

1. Apollo 11 (1969): First manned mission to land on the Moon
2. Neil Armstrong and Buzz Aldrin: First humans to set foot on the Moon
Space Stations:
1. Salyut 1 (1971): First space station
2. Skylab (1973): First US space station
3. Mir (1986): First modular space station
4. International Space Station (1998): Collaborative project between space agencies
Planetary Exploration:
1. Mars:
- Viking 1 and 2 (1975): First successful Mars landers
- Curiosity Rover (2012): Exploring Gale Crater
2. Venus:
- Venera 7 (1970): First successful landing
- Magellan (1990): Mapped Venus' surface
3. Jupiter and Saturn:
- Pioneer 10 and 11 (1972): First flybys
- Voyager 1 and 2 (1977): Twin probes exploring the outer Solar System
4. Uranus and Neptune:

- Voyager 2 (1986): Only spacecraft to visit Uranus and Neptune
Recent Advances:

1. Reusability: SpaceX's Falcon 9 and Dragon
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2. Private Spaceflight: Companies like Virgin Galactic, Blue Origin, and SpaceX
3. Exoplanet Discoveries: Over 4,000 exoplanets discovered so far
4. Asteroid Exploration: NASA's OSIRIS-REXx and Japan's Hayabusa2
Ongoing and Future Missions:
1. Artemis Program: NASA's return to the Moon by 2024
2. Mars 2020 and Perseverance Rover
3. Europa Clipper and Jupiter Icy Moons Explorer
4. Square Kilometre Array (SKA) Telescope
REVISION QUESTIONS
1. One of the most important components of our solar system is the sun. Another
important component of our solar systems are the big masses called planets.

(a) Name all the planets found in our solar system.

(b) (i) Identify the planet that sustains life in our solar system.

(ii) How are the times and seasons of the year explained on the planet mentioned in
(ii) above?

(c) Explain the statement “the sun has a life cycle

2. On November 7th 2022, Uganda launched its first satellite named Pearl AfricaSat-1 into
space with the help of National Aeronautics and Space Administration (NASA). The
purpose of the mission was to study weather patterns. Students of physics were availed
with data collected over a certain of time and they noticed the following while some
places were having day time. Other places were having night time. Various places were
having different seasons.

Task:

As a learner of physics

() Explain why some places had daytime while it was night time at other places.
(b) Explain why different places had weather patterns and how world- wide
communication is made possible through satellites
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