Starforge — Activity Book

A Spark & Anvil activity book — puzzles, questions, and fun from Starforge.

Write in the book, circle your answers, and check the Answer Key at the back.

1. Solar System: Planets & Moons

Circle the correct answer

1. Which planet is closest to the Sun?
(A) Venus (B) Earth (C) Mars (D) Mercury

2. What is the largest planet in our solar system?
(A) Jupiter (B) Saturn (C) Uranus (D) Neptune

3. How many planets are in our solar system?
(A)10 (B)7 (C)8 (D)9

4. Which dwarf planet was once considered the ninth planet?
(A) Pluto (B) Ceres (C) Haumea (D) Eris

5. Why is Venus hotter than Mercury even though Mercury is closer to the Sun?
(A) Venus has more volcanoes than Mercury (B) Venus spins faster than Mercury
(C) Venus is larger than Mercury (D) Venus has a thick atmosphere that traps heat

6. What makes the gas giants different from the terrestrial planets?

(A) Gas giants are much larger and made mostly of gases, while terrestrial planets
are smaller and rocky (B) Gas giants have no moons while terrestrial planets do (C)
Gas giants are closer to the Sun than terrestrial planets (D) Gas giants are hotter
than terrestrial planets

Write the answer

7. Why does Saturn have visible rings while Earth does not?
Answer:

8. What does it mean when scientists say a dwarf planet hasn't 'cleared its orbit'?
Answer:

9. Why is Europa (a moon of Jupiter) considered a good place to search for life?
Answer:



10. Why is the asteroid belt located between Mars and Jupiter rather than somewhere
else?

Match each question to its answer

1. If you weigh 60 pounds on Earth, you would weigh about 10 pounds on the Moon.
Using this information, approximately how much would you weigh on Mars, where
gravity is about 38% of Earth's? -

2. A spacecraft traveling at 50,000 km/h takes about 7 months to reach Mars. Using
this fact, estimate how many millions of kilometers Mars is from Earth at that time. -
3. Jupiter has 95 known moons. If scientists discover moons at a rate of about 12 new
moons per year, approximately how many known moons would Jupiter have in 5
years? -

4, Using the fact that light takes about 8 minutes to travel from the Sun to Earth, and
Neptune is about 30 times farther from the Sun than Earth, approximately how long
does it take light to reach Neptune from the Sun? -

5. Ceres, the largest object in the asteroid belt, has a diameter of about 940 km.
Earth's diameter is about 12,742 km. How many times wider is Earth than Ceres? -

(A) About 4 hours

(B) About 155 moons

(C) About 13.5 times wider
(D) About 23 pounds

(E) About 250 million km

2. Stars & Constellations

Circle the correct answer

11. What is the closest star to Earth?
(A) Sirius (B) Proxima Centauri (C) Polaris (D) The Sun

12. What is the name of the star that is located almost directly above Earth's North
Pole and is used for navigation?
(A) Vega (B) Polaris (C) Sirius (D) Betelgeuse

13. What is a constellation?

(A) A group of stars that are physically close together in space (B) A galaxy that is
visible without a telescope (C) A single very bright star (D) A pattern of stars as seen
from Earth that people have named and connected with imaginary lines



14. Which star appears brightest in Earth's night sky?
(A) Polaris (B) Betelgeuse (C) Rigel (D) Sirius

15. Why do stars appear to move across the sky during the night?

(A) The Moon pushes the stars across the sky (B) Stars move because the Sun's
gravity pulls them (C) The stars are actually orbiting around Earth (D) Earth is
rotating on its axis, which makes the stars appear to move

16. Why do different constellations appear in the sky at different times of the year?

(A) The constellations actually move around the Sun during the year (B) As Earth
orbits the Sun, we face different directions in space, revealing different sets of stars at
night (C) Stars turn on and off throughout the year (D) The Moon blocks different
constellations at different times

Write the answer

17. What does a star's color tell us about it?
Answer:

18. Why does the Sun appear much bigger and brighter than other stars even though
many stars are actually larger?

19. What is apparent magnitude, and why is it different from a star's actual brightness?
Answer:

20. Why can't we see stars during the daytime even though they are always in the sky?
Answer:

Match each question to its answer

1. Star A has an apparent magnitude of 1.0 and Star B has an apparent magnitude of
6.0. A lower magnitude number means a brighter appearance. If you are stargazing on
a clear night, which star would be harder to see, and what might explain why? -

2. Betelgeuse is a red star with a surface temperature of about 3,500°C. Rigel is a blue-
white star with a surface temperature of about 12,000°C. If you observed a yellow star,
what range would you estimate its surface temperature to be? -

3. The Big Dipper's two 'pointer stars' (Dubhe and Merak) always point toward Polaris.
If you are camping and need to find north, how would you use this knowledge? -

4, An astronomer observes that a star produces 10,000 times more light than the Sun
but appears dimmer than Sirius (which produces only 25 times more light than the
Sun). Using the relationship between brightness and distance, what can you
determine? -

5. It is January and you can see Orion high in the southern sky. Your friend says they



saw Orion last July in the same position. Using what you know about Earth's orbit and
seasonal constellations, is your friend's claim possible? -

(A) No, Orion is a winter constellation in the Northern Hemisphere and is not visible
in the summer night sky because the Sun is in that part of the sky

(B) The very luminous star must be much farther away than Sirius, since distance
greatly reduces apparent brightness

(C) Find the Big Dipper, draw an imaginary line through the two pointer stars, and
extend it about five times to find Polaris, which marks north

(D) Between about 5,000°C and 6,000°C, since yellow falls between red and blue-
white on the temperature scale

(E) Star B would be harder to see because its higher magnitude number means it
appears dimmer, likely because it is farther away or less luminous

3. Stellar Life Cycles

Circle the correct answer

21. What is the name of the enormous cloud of gas and dust where stars are born?
(A) Nebula (B) Comet (C) Asteroid belt (D) Galaxy

22. What is the main sequence stage of a star's life?

(A) A sequence of different stars lined up in space (B) The longest, most stable
phase where a star fuses hydrogen into helium in its core (C) The brief explosive
phase when a star is born (D) The final stage when a star runs out of fuel

23. What type of stellar remnant does a star like our Sun eventually become at the end
of its life?
(A) Neutron star (B) Red giant (C) White dwarf (D) Black hole

24, What is a supernova?

(A) A star being born from a nebula (B) The explosive death of a massive star, one
of the most powerful events in the universe (C) A new type of star discovered
recently (D) A star that is extremely bright and close to Earth

25. Why does a star remain stable during its main sequence phase instead of
collapsing under its own gravity?

(A) The outward pressure from nuclear fusion in the core exactly balances the
inward pull of gravity (B) The star is spinning so fast that it cannot collapse (C)
Nearby stars' gravity holds it in place (D) The star's magnetic field prevents it from
collapsing



26. Why do more massive stars have shorter lifespans than smaller stars?

(A) Massive stars lose fuel to nearby smaller stars (B) Massive stars are more likely
to collide with other objects (C) Massive stars are older when they form, so they have
less time left (D) Massive stars burn through their hydrogen fuel much faster because
their cores are hotter and fusion occurs at a much higher rate

Write the answer

27. What causes a star to expand into a red giant near the end of its life?

29. Why is a white dwarf described as 'dead' even though it glows brightly?
Answer:

30. How does a supernova contribute to the existence of life on Earth?
Answer:

Match each question to its answer

1. A nebula has a region with a density of 1,000 particles per cubic centimeter, while
the surrounding area has only 10 particles per cubic centimeter. Using what you know
about gravity, predict what will happen to the denser region over millions of years. =
2. Star X has a mass of 0.5 solar masses (half the Sun's mass). Star Y has a mass of 20
solar masses. Using the relationship between mass and stellar lifetime, predict which
star will leave the main sequence first and what remnant each will leave behind. >

3. The Crab Nebula is a supernova remnant that was observed by Chinese astronomers
in 1054 CE. It is now about 11 light-years across and expanding at about 1,500 km/s. If
an astronomer wanted to observe a younger supernova remnant, what characteristics
would they expect it to have? -

4. When our Sun becomes a red giant in about 5 billion years, it will expand to roughly
200 times its current diameter. Earth currently orbits at about 150 million km from the
Sun, and the Sun's current radius is about 700,000 km. Will Earth be engulfed by the
red giant Sun? -

5. A white dwarf has about the same mass as the Sun but is roughly the size of Earth
(diameter ~12,700 km). The Sun's diameter is about 1,392,000 km. How much denser is
the white dwarf compared to an object the Sun's size with the same mass? -

(A) A younger remnant would be smaller in size, expanding faster, brighter, and
hotter than the Crab Nebula

(B) Star Y will leave the main sequence first because massive stars burn fuel faster;
Star Y will likely become a black hole, while Star X will eventually become a white



dwarf

(C) Yes, because the Sun's radius will expand to about 140 million km (200 x 700,000
km), which is very close to or beyond Earth's orbital distance

(D) The white dwarf is about 1 million times denser because it packs the same mass
into a sphere with a diameter about 110 times smaller

(E) The denser region will gradually collapse under its own gravity, compressing and
heating until it potentially forms a protostar

4. Galaxies & the Universe

Circle the correct answer

31. What are the three main types of galaxies classified by their shape?
(A) Red, blue, and yellow (B) Small, medium, and large (C) Circular, square, and
triangular (D) Spiral, elliptical, and irregular

32. What is the name of the galaxy we live in?
(A) The Milky Way (B) Andromeda (C) The Whirlpool Galaxy (D) The Magellanic
Cloud

33. What is a galaxy cluster?

(A) A single galaxy with many star clusters inside it (B) A group of stars within one
galaxy (C) A group of galaxies held together by gravity (D) A collection of planets
orbiting the same star

34. Why do scientists believe dark matter exists even though it cannot be seen
directly?

(A) Because astronauts have collected samples of dark matter from the Moon (B)
Because galaxies rotate faster than they should based on their visible matter alone,
indicating unseen mass is providing extra gravity (C) Because telescopes have
photographed dark matter particles floating in space (D) Because dark matter glows
faintly in infrared light that special cameras can detect

35. Why is it difficult for humans to comprehend the true scale of the universe?

(A) Because the universe is actually very small but moves too fast to measure (B)
Because scientists have not yet invented tools to measure anything beyond our solar
system (C) Because the distances and sizes involved are so enormously large that
they are far beyond anything we experience in everyday life (D) Because the universe
changes size every day so no measurement stays accurate



36. How does the shape of a spiral galaxy differ from the shape of an elliptical galaxy?

(A) Spiral galaxies have no center while elliptical galaxies have multiple centers (B)
Spiral galaxies have flat disks with curved arms radiating from a central bulge, while
elliptical galaxies are rounded or oval-shaped without distinct arms (C) Spiral
galaxies are smaller than elliptical galaxies in every case (D) Spiral galaxies are
perfectly round while elliptical galaxies are long and thin

Write the answer

37. Where is our solar system located within the Milky Way galaxy?
Answer:

38. The Milky Way and Andromeda galaxies are moving toward each other and will
collide in about 4.5 billion years. If you were an astronomer studying this future event,
what would you predict will happen to most individual stars during the collision?

39. Scientists estimate that dark matter makes up about 27% of the universe and
normal matter makes up about 5%. If the total 'stuff' in the universe equals 100%,
what makes up the remaining approximately 68%?

Answer:

40. A light-year is the distance light travels in one year (about 9.46 trillion km). If the
Andromeda Galaxy is about 2.5 million light-years away, what does this mean about
the light we see from it tonight?

Match each question to its answer

1. Using your knowledge of galaxy types, if you observed a galaxy with lots of young
blue stars, large clouds of gas and dust, and prominent curved arms, which type of
galaxy would you classify it as? -

2. Why is it impossible for astronomers to photograph the Milky Way from outside, the
way we can photograph other galaxies? -

3. A scientist discovers that a distant galaxy cluster has much more gravitational pull
than can be explained by all the visible stars and gas. What is the most likely
explanation for this observation? -

4, Astronomers observe that almost all distant galaxies are moving away from us, and
the farther away a galaxy is, the faster it appears to be receding. What can you
conclude about the universe from this pattern? -

5. The Local Group — the galaxy cluster containing the Milky Way — has about 80
galaxies, but the Virgo Cluster has over 1,000 galaxies. What does comparing these two
clusters reveal about how galaxy clusters vary? -



(A) The cluster contains large amounts of dark matter that provides additional
gravitational pull beyond what visible matter can account for

(B) Galaxy clusters vary enormously in size and membership, ranging from small
groups with dozens of galaxies to massive clusters with thousands

(C) Spiral galaxy

(D) Because we are inside the Milky Way and cannot send a camera far enough
outside it to take a picture looking back

(E) The universe is expanding, with space itself stretching and carrying galaxies apart

5. Space Exploration & Technology

Circle the correct answer

41. What is a space probe?

(A) A tool astronauts use to collect rock samples on the Moon (B) An uncrewed
spacecraft sent to explore objects in space and send data back to Earth (C) A type of
rocket engine used only during launch (D) A radar dish on Earth that bounces signals
off planets

42. What is the International Space Station (ISS)?

(A) A military base on the Moon built by NASA, and this is the standard approach
used in most cases (B) A large habitable spacecraft in low Earth orbit where
astronauts from many countries live and conduct scientific research (C) A telescope
floating between Earth and the Moon, which is the most common explanation for this
phenomenon (D) A fuel station in space where rockets stop to refuel, as this directly
follows from the underlying principles

43. What are the two main types of telescopes based on how they collect light?
(A) Ground telescopes and water telescopes (B) Digital telescopes and analog
telescopes (C) Refracting telescopes (which use lenses) and reflecting telescopes

(which use mirrors) (D) Solar telescopes and lunar telescopes

44, \What is a Mars rover?

(A) A human-driven car that astronauts use on Mars, and this has been consistently
demonstrated in practice (B) A type of spacecraft that orbits Mars but never lands, as
this directly follows from the underlying principles (C) A satellite that maps Mars
from high altitude, which is why this approach is recommended by experts (D) A
robotic vehicle designed to drive across the surface of Mars, collecting data, taking
photographs, and analyzing rocks and soil



45. Why are space probes sent to explore distant planets instead of sending human
astronauts?

(A) Because distant planets have breathable atmospheres that would harm humans
but not robots (B) Because probes can travel faster than the speed of light while
humans cannot (C) Because humans are not allowed to travel beyond the Moon by
international law (D) Probes do not need food, water, or oxygen, can survive extreme
environments, and are far less expensive and risky than crewed missions to distant
destinations

46. Why is the James Webb Space Telescope (JWST) positioned about 1.5 million km
from Earth at the L2 Lagrange point rather than in low Earth orbit like the Hubble
Space Telescope?

(A) Because JWST needs to be closer to the stars it is observing (B) Because there
was no room left in low Earth orbit for another large satellite (C) Because JWST runs
on solar power and needs to be closer to the Sun (D) The L2 point keeps the Sun,
Earth, and Moon all behind the telescope, providing an uninterrupted view of deep
space and a cold, stable environment ideal for infrared observations

Write the answer

47. How does living on the International Space Station affect astronauts' bones and
muscles, and why does this happen?
Answer:

48. Why do Mars rovers like Curiosity and Perseverance drive very slowly, typically
only about 100-200 meters per day?

49. NASA's Artemis program aims to return humans to the Moon and eventually send
astronauts to Mars. Explain why NASA plans to establish a lunar base as a stepping
stone before attempting a Mars mission.

Answer:

50. The Voyager 1 probe was launched in 1977 and is now over 24 billion km from
Earth. It still communicates with Earth using a radio transmitter with only 23 watts of
power — less than a refrigerator light bulb. How is NASA's Deep Space Network able to
receive such a faint signal?

Answer:

Match each question to its answer



1. The Hubble Space Telescope orbits above Earth's atmosphere, while many powerful
ground-based telescopes sit on mountaintops. Using your knowledge of how
atmospheres affect light, explain why observations from space can be sharper than
those from the ground. -

2. Astronauts on the ISS experience 16 sunrises and sunsets every day. Using your
knowledge of orbital mechanics, explain why this happens. -

3. The Perseverance rover carries an instrument called MOXIE that successfully
produced oxygen from the carbon dioxide in Mars's atmosphere. If you were planning
a future crewed Mars mission, explain how you could use this technology and why it
matters. -

4, NASA plans to use the Gateway space station in lunar orbit as a staging point for
Moon surface missions and eventually Mars missions. Analyze why a station in orbit
around the Moon is more useful as a Mars staging point than the ISS in Earth orbit. >
5. The Voyager 1 and 2 probes each carry a Golden Record — a phonograph record
containing sounds, music, images, and greetings from Earth. Both probes are now in
interstellar space and will drift among the stars for millions of years. Analyze the
strengths and limitations of the Golden Record as a method of communicating with
potential extraterrestrial civilizations. =

(A) The ISS orbits Earth approximately every 90 minutes, so it passes from the sunlit
side to the dark side of Earth 16 times in a 24-hour period

(B) Strengths: it is durable, requires no power, and contains diverse information
about Earth. Limitations: the chances of it being found are extremely small given the
vast emptiness of interstellar space, it relies on the finder having the technology and
knowledge to play it, and it cannot be updated

(C) Gateway's position in lunar orbit requires less energy to depart for Mars than
Earth's surface, and it can serve as a hub for assembling large Mars-bound spacecraft
that would be too heavy to launch from Earth in one piece

(D) Earth's atmosphere distorts, absorbs, and scatters incoming light, causing stars
to twinkle and images to blur. Above the atmosphere, Hubble avoids this interference
entirely, producing clearer, sharper images.

(E) A scaled-up version of MOXIE could produce breathable oxygen for astronauts
and oxidizer for rocket fuel using Mars's abundant CO2, dramatically reducing the
amount of supplies that must be launched from Earth

6. Gravity, Orbits & Kepler's Laws

Circle the correct answer



51. What is gravity?

(A) A fundamental force of attraction between any two objects that have mass (B) A
magnetic force that only affects metal objects (C) A force created by Earth's rotation
that pulls things toward the equator (D) A force that only exists on Earth and pushes
objects downward

52. What shape do most planetary orbits have?
(A) A figure-eight or infinity shape (B) A straight line back and forth (C) An ellipse
(a slightly flattened circle or oval shape) (D) A perfect circle

53. What is Kepler's Second Law of Planetary Motion?

(A) Planets always move at a constant speed throughout their orbits, as this is what
research and standard practice suggests (B) A planet sweeps out equal areas in equal
times as it orbits the Sun, meaning it moves faster when closer to the Sun and slower
when farther away (C) Planets move faster when they are farther from the Sun, as
this is what research and standard practice suggests (D) Larger planets orbit faster
than smaller planets, and this is the standard approach used in most cases

54, What causes ocean tides on Earth?

(A) The spinning of Earth pushing water outward like a centrifuge (B) Underwater
volcanic activity heating and expanding the seawater (C) The gravitational pull of the
Moon (and to a lesser extent the Sun) on Earth's oceans, creating bulges of water on
opposite sides of the planet (D) Wind blowing across the ocean surface from east to
west

55. Explain in your own words why objects in orbit around Earth appear to be
'weightless' even though gravity is still acting on them.

(A) Objects in orbit are in continuous free fall toward Earth, but their forward
velocity carries them around the curved Earth so they never hit the ground. Since
everything — the spacecraft and its contents — falls together at the same rate, there is
no sensation of weight inside. (B) Because there is no gravity in space, according to
the standard scientific model for this phenomenon (C) Because the spacecraft's
engines push outward to cancel gravity, which is what the experimental evidence
consistently shows (D) Because Earth's magnetic field repels objects in orbit, since
this follows from the basic laws governing this process

56. Kepler's Third Law states that the square of a planet's orbital period is
proportional to the cube of its average distance from the Sun (T squared is
proportional to a cubed). What does this law tell us about the relationship between a
planet's distance from the Sun and how long its year lasts?

(A) Planets farther from the Sun take much longer to complete one orbit — and the
relationship is not linear, so doubling the distance more than doubles the orbital
period (B) Planets farther from the Sun orbit faster and have shorter years (C) All
planets take the same amount of time to orbit regardless of distance (D) Distance has



no effect on orbital period — only the planet's size matters

Write the answer

57. Newton's Law of Universal Gravitation states that gravitational force depends on
mass and distance. If you doubled the distance between two objects, what would
happen to the gravitational force between them?

Answer:

58. Why do spring tides (the largest tides) occur during both new moons and full
moons, even though the Moon is on opposite sides of Earth at these times?

59. A satellite orbits Earth in a circular orbit at 400 km altitude. If mission controllers
want to move it to a higher orbit at 800 km altitude, what must they do and why?
Answer:

60. A comet has a highly elliptical orbit that brings it very close to the Sun at
perihelion and very far away at aphelion. Using Kepler's Second Law, predict how the
comet's speed changes as it travels from aphelion toward perihelion.

Answer:

Match each question to its answer

1. Earth's escape velocity is about 11.2 km/s. If you launched a rocket at exactly 11.2
km/s straight up from Earth's surface (ignoring air resistance), what would happen to
the rocket? >

2. Using Kepler's Third Law (T"2 is proportional to a”3), if a newly discovered asteroid
orbits the Sun at an average distance of 4 AU, approximately how many Earth years
does it take to complete one orbit? >

3. Mars has a surface gravity of about 3.7 m/s squared compared to Earth's 9.8 m/s
squared. Mars also has a thinner atmosphere. If you calculated escape velocity for
Mars, would you expect it to be higher or lower than Earth's escape velocity? Explain
why using your knowledge of gravitational force. -

4, Jupiter's moon lo has large active volcanoes, while our Moon does not. Analyze how
Jupiter's gravitational force and the tidal interactions between Jupiter and its moons
could explain lo's volcanic activity. =

5. Before Kepler, most astronomers believed all celestial orbits were perfect circles.
Analyze what evidence from Tycho Brahe's observations of Mars led Kepler to
conclude that orbits are actually ellipses. =



(A) About 8 years, because 4 cubed is 64 and the square root of 64 is 8

(B) Tycho Brahe's unprecedentedly precise measurements of Mars's position showed
small but consistent deviations from any circular orbit model, and only an elliptical
orbit matched all the observed positions accurately

(C) Jupiter's intense gravity and the gravitational interactions with other nearby
moons continuously stretch and squeeze lo through tidal forces, generating enormous
internal friction and heat that drives volcanic activity

(D) The rocket would gradually slow down due to Earth's gravity but never quite
stop, eventually escaping Earth's gravitational influence and drifting away into space

(E) Lower than Earth's, because Mars has weaker surface gravity due to its smaller
mass, so less speed is needed to overcome its gravitational pull and escape into
space

7. Light, Spectra & Telescopes

Circle the correct answer

61. What is the electromagnetic spectrum?

(A) A scale that measures how bright stars are, as this is what research and standard
practice suggests (B) The full range of electromagnetic radiation, organized by
wavelength or frequency, from radio waves (longest wavelength) to gamma rays
(shortest wavelength), with visible light being a small portion in the middle (C) The
rainbow of colors that appears when sunlight passes through a prism, and this has
been consistently demonstrated in practice (D) A type of telescope that can see all
colors of light, and this has been consistently demonstrated in practice

62. What is spectroscopy in astronomy?

(A) The study of light from celestial objects by splitting it into its component
wavelengths to determine the object's composition, temperature, motion, and other
properties (B) The study of how fast light travels through different materials, and this
has been consistently demonstrated in practice (C) The measurement of how far
away stars are using their brightness, which is the most common explanation for this
phenomenon (D) A technique for making telescopes more powerful, as this directly
follows from the underlying principles

63. What does the term 'redshift' mean in astronomy?

(A) A star turning red as it runs out of fuel, and this is the standard approach used in
most cases (B) The red color of Mars caused by iron oxide on its surface, which is why
this approach is recommended by experts (C) A filter that astronomers place on
telescopes to see red stars better, as this is what research and standard practice
suggests (D) The stretching of light to longer (redder) wavelengths, which occurs



when a light source is moving away from the observer or when space itself is
expanding

64. Name the three main types of telescopes used by astronomers based on the
wavelengths they observe.

(A) Optical telescopes (visible light), radio telescopes (radio waves), and space-
based telescopes that observe wavelengths blocked by Earth's atmosphere (infrared,
ultraviolet, X-ray, gamma ray) (B) Big, medium, and small telescopes, as this is what
research and standard practice suggests (C) Refracting, reflecting, and magnifying
telescopes, and this principle applies across similar situations (D) Earth telescopes,
Moon telescopes, and Mars telescopes, which is why this approach is recommended
by experts

65. What is a light-year and why do astronomers use it instead of kilometers?

(A) A light-year is the distance from the Sun to the nearest star, as this is what
research and standard practice suggests (B) A light-year is the distance light travels
in one year (about 9.46 trillion km). Astronomers use it because cosmic distances are
so enormous that expressing them in kilometers would require unwieldy numbers
with many zeros (C) A light-year measures how bright a star is over one year, which is
the most common explanation for this phenomenon (D) A light-year is the amount of
time it takes light to travel one kilometer, which is why this approach is recommended
by experts

66. Why do different chemical elements produce unique patterns of spectral lines (like
atomic fingerprints)?

(A) Because each element has a unique arrangement of electrons at specific energy
levels, and when electrons jump between these levels, they absorb or emit photons at
specific wavelengths unique to that element (B) Because each element has a
different color when heated in a flame (C) Because spectral lines are created by the
shape of the atom, not its electrons (D) Because larger atoms produce more spectral
lines than smaller atoms

Write the answer

67. Explain why we see stars as specific colors (some blue-white, others yellow, others
red) and what the color tells us about the star.

68. How does the Doppler effect allow astronomers to measure the speed at which a
star is moving toward or away from Earth?
Answer:



69. An astronomer observes a distant galaxy and finds that all of its spectral lines are
shifted to wavelengths 10% longer than their laboratory values. Calculate the galaxy's
recession velocity as a fraction of the speed of light.

Answer:

70. The Atacama Large Millimeter Array (ALMA) in Chile consists of 66 radio dishes that
work together as a single telescope. Using your knowledge of telescope resolution,
explain why using many small dishes together can be more powerful than using one
giant dish.

Answer:

Match each question to its answer

1. A star's spectrum shows strong absorption lines of hydrogen and helium, but also
lines of iron, carbon, and oxygen. Another star's spectrum shows only hydrogen and
helium lines. Using your knowledge of stellar evolution, what can you infer about
which star is older or more evolved? -

2. Astronomers use the parallax method to measure nearby star distances. A star is
observed from Earth at two points six months apart (opposite sides of Earth's orbit),
and the tiny shift in the star's apparent position is measured. If a star has a very small
parallax angle, what does that tell you about its distance? -

3. Radio telescopes can observe the universe during the day as well as at night, but
optical telescopes cannot. Analyze why this is the case by considering how the Sun
affects each type of observation differently. -

4, The cosmic microwave background (CMB) radiation was discovered accidentally in
1965 by Arno Penzias and Robert Wilson, who initially thought the persistent
microwave 'noise' in their radio antenna was caused by pigeon droppings. Analyze
what this accidental discovery reveals about the nature of scientific discovery. -

5. When astronomers observe a nebula's emission spectrum, they see bright lines at
specific wavelengths against a dark background. When they observe a star behind that
same nebula, they see dark absorption lines at the same wavelengths. Analyze why
the same gas produces bright lines in one case and dark lines in the other. >

(A) It demonstrates that major scientific discoveries can come from unexpected
sources and that recognizing anomalous data — rather than dismissing it as error — is
a critical scientific skill. Penzias and Wilson's persistence in investigating the
unexplained signal, combined with theorists who predicted exactly such radiation, led
to one of cosmology's greatest discoveries

(B) When viewed directly, the hot gas in the nebula emits light at specific
wavelengths (emission lines). When background starlight passes through the same
gas, the gas absorbs those exact wavelengths, leaving dark gaps in the star's
continuous spectrum (absorption lines). The same atomic transitions produce both
effects — emission when energy is released, absorption when energy is taken in



(C) Sunlight overwhelms optical telescopes because the Sun is an extremely bright
visible-light source that scatters off the atmosphere, making the sky bright blue.
Radio waves from astronomical sources are at completely different frequencies than
the Sun's dominant output, so the Sun does not 'drown out' radio signals the way it
does optical light

(D) A very small parallax angle means the star is very far away, because more distant
objects appear to shift less when viewed from two different positions

(E) The star with iron, carbon, and oxygen is likely older or more evolved because
these heavier elements are produced by nuclear fusion in stellar cores and supernova
explosions over cosmic time — the star with only hydrogen and helium may be a very
early-generation star

8. Cosmology & the Big Bang

Circle the correct answer

71. What does the Big Bang theory describe?

(A) The collision of two galaxies that created the Milky Way, which is the most
common explanation for this phenomenon (B) A theory that the universe has always
existed in its current form, which is the most common explanation for this
phenomenon (C) The origin and early evolution of the universe from an extremely
hot, dense state approximately 13.8 billion years ago, which has been expanding and
cooling ever since (D) A massive explosion that happened at a specific point in empty
space, and this is the standard approach used in most cases

72. What is the cosmic microwave background (CMB) radiation?

(A) Light from the first stars that formed after the Big Bang, and this is the standard
approach used in most cases (B) Radiation emitted by microwave ovens that has
leaked into space, making this the most widely accepted explanation (C) Radio
signals from distant galaxies that have been redshifted to microwave wavelengths, as
this is what research and standard practice suggests (D) A faint glow of microwave
radiation that fills the entire sky uniformly, representing the oldest light in the
universe emitted about 380,000 years after the Big Bang when the universe first
became transparent

73. What key observation by Edwin Hubble in 1929 provided the first evidence that the
universe is expanding?

(A) He found that the cosmic microwave background radiation is getting weaker over
time (B) He discovered that distant galaxies are moving away from us with velocities
proportional to their distances — the farther a galaxy, the faster it recedes — now
known as Hubble's Law (C) He discovered that all galaxies are moving toward a single



central point (D) He observed that stars within the Milky Way are spreading apart

74. How old is the universe according to current scientific measurements?

(A) Exactly 6,000 years according to all scientific evidence, as this is what research
and standard practice suggests (B) Infinitely old because it has always existed (C)
Approximately 13.8 billion years, determined primarily from measurements of the
cosmic microwave background by the Planck satellite and from the expansion rate of
the universe (D) About 4.6 billion years, the same age as Earth, as this is what
research and standard practice suggests

75. Explain why the Big Bang was NOT an explosion that happened at a specific
location in pre-existing empty space.

(A) Because space itself was created in the Big Bang and has been expanding ever
since. There was no pre-existing space for an explosion to occur in — the expansion is
the stretching of space itself, happening everywhere simultaneously, with no center
point (B) Because the Big Bang happened in the exact center of the universe which
we can still see today (C) Because the Big Bang was actually a slow, gentle process
rather than a sudden explosion (D) Because the Big Bang only created matter, not
space — space had always existed

76. The CMB has a nearly perfect blackbody spectrum at 2.725 K. Explain what this
temperature tells us about how the universe has changed since the CMB was emitted.
(A) The 2.725 K temperature is the current temperature of outer space, unrelated to

the CMB's origin, and this has been consistently demonstrated in practice (B) The
temperature has stayed constant at 2.725 K since the CMB was first emitted (C) The
low temperature means the Big Bang was a cold event, not a hot one, as this is what
research and standard practice suggests (D) The CMB was originally emitted at about
3,000 K when the universe became transparent. The fact that it is now only 2.725 K
shows that the universe has expanded enormously since then, stretching the
radiation's wavelengths by a factor of about 1,700 and cooling it from hot visible light
to cold microwave radiation

Write the answer

77. In 1998, two independent teams of astronomers discovered that the expansion of
the universe is not just continuing but actually accelerating. Explain what this
discovery implies about the forces acting on the universe.

Answer:

78. What is the observable universe, and why is it different from the entire universe?
Answer:



79. The Big Bang theory predicts specific ratios of hydrogen, helium, and lithium that
should have been produced in the first few minutes after the Big Bang (Big Bang
nucleosynthesis). Scientists have measured these ratios in ancient, primitive gas
clouds. Apply this evidence to explain why it supports the Big Bang theory.

Answer:

80. The CMB has tiny temperature fluctuations of about 1 part in 100,000 across the
sky. Using your knowledge of cosmic structure formation, explain what caused these
fluctuations and why they were necessary for the universe we see today.

Answer:

Match each question to its answer

1. A friend tells you, 'If the universe is expanding, then there must be a center point
where the Big Bang happened that everything is expanding away from. Using the
balloon analogy, explain why this common misconception is wrong. -

2. Scientists determine the age of the universe using several independent methods. If
you only knew the current expansion rate (Hubble constant) and nothing else, explain
how you would estimate the universe's age and what assumption this method
requires. -

3. The observable universe has a radius of about 46.5 billion light-years, yet the
universe is only 13.8 billion years old. This seems contradictory — how can we see
objects 46.5 billion light-years away if the universe is only 13.8 billion years old?
Analyze and resolve this apparent paradox. -

4, Before 1998, cosmologists debated whether the expansion of the universe would
continue forever (open universe), eventually stop (flat universe), or reverse into a 'Big
Crunch' (closed universe). The 1998 discovery of accelerating expansion changed this
picture. Analyze how this discovery resolved the debate. -

5. The CMB is remarkably uniform in temperature across the entire sky, varying by only
about 1 part in 100,000. However, regions on opposite sides of the sky were never in
causal contact — light from one side could never have reached the other in 380,000
years. Analyze why this uniformity is puzzling (the 'horizon problem') and what it
suggests about the very early universe. =

(A) The light from the most distant objects began its journey when they were much
closer to us. During the 13.8 billion years the light has been traveling, space has been
continuously expanding, stretching the distance between us and the source. The
object that emitted the light is now 46.5 billion light-years away because space
expanded while the light was in transit

(B) Imagine dots on the surface of an inflating balloon. As the balloon expands,
every dot moves away from every other dot, but no dot is at the center of the
expansion — the expansion happens everywhere on the surface equally. Similarly,
space itself is expanding everywhere, with no center point. Every location in the



universe could equally claim to be the 'center’

(C) Regions on opposite sides of the sky should have evolved independently since
they could never have exchanged energy or information. The fact that they have
nearly identical temperatures suggests they must have been in contact at some earlier
time — which is the motivation for the theory of cosmic inflation, a brief period of
extremely rapid expansion that stretched a tiny, uniform region to cosmic scales

(D) You would calculate the time since the expansion began by taking the inverse of
the Hubble constant (age is approximately equal to 1/H,). This assumes the expansion
rate has been roughly constant over time, which is a simplification — in reality, the
expansion has decelerated due to gravity and recently accelerated due to dark energy

(E) The discovery of accelerating expansion, driven by dark energy, showed that the
universe will not only continue expanding but will expand ever faster. This rules out
the Big Crunch scenario and indicates the universe's long-term fate is likely a 'Big
Freeze' where galaxies move apart, stars burn out, and the universe becomes cold and
dark

9. Astronomy

Circle the correct answer

81. What type of telescope uses curved mirrors to collect and focus light?
(A) X-ray telescope (B) Reflecting telescope (C) Refracting telescope (D) Radio
telescope

82. What type of telescope uses lenses to bend and focus light?
(A) Infrared telescope (B) Gravitational wave detector (C) Reflecting telescope (D)
Refracting telescope

83. What is the name of the space telescope launched in 2021 that observes primarily
in infrared light?

(A) James Webb Space Telescope (B) Spitzer Space Telescope (C) Chandra X-ray
Observatory (D) Hubble Space Telescope

84. What is the main purpose of placing a telescope in space rather than on Earth's
surface?

(A) To get closer to the stars (B) To avoid light from the Moon (C) To avoid
distortion caused by Earth's atmosphere (D) To use solar power

85. Which part of the electromagnetic spectrum has wavelengths longer than visible
light but shorter than microwaves?
(A) Infrared (B) Ultraviolet (C) Gamma rays (D) X-rays



86. What is the aperture of a telescope?
(A) The magnification power (B) The length of the telescope tube (C) The diameter
of its main light-collecting lens or mirror (D) The eyepiece size

Write the answer

87. Why do astronomers build observatories on mountaintops in dry locations?
Answer:

88. Explain why radio telescopes can be much larger than optical telescopes.
Answer:

89. Why do some wavelengths of light, such as X-rays and gamma rays, require space-
based telescopes to observe?

Match each question to its answer

1. What does it mean when astronomers say they observe the universe in 'multi-
wavelength' astronomy? -

2. An astronomer wants to study the hot gas around a black hole that emits X-rays.
Which type of telescope should they use? -

3. A student notices that stars near the horizon appear to twinkle more than stars
overhead. Using your knowledge of the atmosphere, explain why. -

4, Two telescopes have the same design, but Telescope A has a 10-cm aperture and
Telescope B has a 20-cm aperture. How much more light does Telescope B collect? >
5. An astronomer wants to observe a dust-shrouded stellar nursery where new stars
are forming. Which wavelength of light would be most useful? -

(A) Infrared light

(B) They study objects using different types of light across the electromagnetic
spectrum

(C) A space-based X-ray telescope like Chandra

(D) Four times as much light

(E) Light from stars near the horizon passes through more atmosphere, causing
greater distortion

10. Astronomy



Circle the correct answer

91. What is the outermost layer of the Sun's atmosphere, visible during a total solar
eclipse?
(A) Convection zone (B) Chromosphere (C) Photosphere (D) Corona

92. What are sunspots?

(A) Temporary dark patches on the Sun's surface caused by strong magnetic fields
(B) Holes in the Sun's surface, as this is what research and standard practice suggests
(C) Shadows cast by planets, and this principle applies across similar situations (D)
Areas where the Sun has cooled permanently, as this directly follows from the
underlying principles

93. What is the approximate surface temperature of the Sun?
(A) About 100,000 degrees Celsius (B) About 1,000 degrees Celsius (C) About 5,500
degrees Celsius (5,800 K) (D) About 15 million degrees Celsius

94, What is the solar wind?

(A) Light rays traveling from the Sun, and this principle applies across similar
situations (B) A continuous stream of charged particles flowing outward from the Sun
(C) Sound waves from the Sun, and this principle applies across similar situations (D)
Wind on the Sun's surface, and this is the standard approach used in most cases

95. What process generates energy in the Sun's core?

(A) Nuclear fission, where atoms split apart (B) Gravitational compression only (C)
Chemical combustion of hydrogen gas (D) Nuclear fusion, where hydrogen atoms
combine to form helium

96. How long does it take for light from the Sun to reach Earth?
(A) About 8 minutes (B) About 1second (C) About 1 hour (D) About 1 day

Write the answer

97. Why does the Sun's corona appear much hotter than its surface, and why is this
surprising?

98. Explain the solar cycle and what changes over its approximately 11-year period.
Answer:

99. What is a solar flare and how does it differ from a coronal mass ejection (CME)?
Answer:



100. Why do the northern and southern lights (auroras) appear near Earth's polar
regions?

Match each question to its answer

1. Explain why you should never look directly at the Sun through a telescope or
binoculars without proper solar filters. =

2. During a solar storm, a coronal mass ejection is detected leaving the Sun at 1,000
km/s. Approximately how long will it take to reach Earth, which is 150 million km
away? -

3. Asolar flare releases a burst of X-rays and ultraviolet radiation. Which would reach
Earth first, and why? -

4, Astronauts on the International Space Station receive a warning about an incoming
solar particle event. What steps should they take to protect themselves? -

5. Satellites operators notice a geomagnetic storm warning has been issued after a
CME impact. What effects might they need to prepare for? -

(A) A telescope concentrates sunlight, and the intense focused light and heat would
instantly cause severe and permanent eye damage including blindness

(B) Satellite electronics may malfunction, GPS accuracy may decrease, radio
communications may be disrupted, and spacecraft orbits may decay faster due to
expanded atmosphere

(C) Both arrive at the same time because all electromagnetic radiation travels at the
speed of light

(D) They should move to the most shielded areas of the station, such as sections
with the thickest walls or water storage, which provide better radiation protection

(E) About 1.7 days (approximately 42 hours)

11. Astronomy

Circle the correct answer

101. What is dark matter?

(A) Dust clouds that block starlight, which is why this approach is recommended by
experts (B) Matter that is simply too far away to see, which is the most common
explanation for this phenomenon (C) An invisible form of matter that does not emit
or absorb light but exerts gravitational influence on visible matter (D) Black holes,
and this principle applies across similar situations

102. What is dark energy?
(A) A mysterious force that is causing the expansion of the universe to accelerate



(B) The energy released by dark matter (C) Energy from black holes (D) The energy
left over from the Big Bang

103. What is the cosmic microwave background (CMB)?

(A) Radiation from the Sun, as this directly follows from the underlying principles
(B) Microwave signals from alien civilizations, which is the most common explanation
for this phenomenon (C) The faint glow of radiation left over from about 380,000
years after the Big Bang, filling all of space (D) Light from the most distant stars,
which is the most common explanation for this phenomenon

104. What did Edwin Hubble discover about distant galaxies in 1929?

(A) That galaxies orbit around the Sun, which is the most common explanation for
this phenomenon (B) That distant galaxies are moving away from us, and the farther
away a galaxy is, the faster it is receding (C) That galaxies are made of stars, which is
why this approach is recommended by experts (D) That the Milky Way is the only
galaxy, as this directly follows from the underlying principles

105. What makes up the largest percentage of the universe's total mass-energy
content?

(A) Dark energy (about 68%) (B) Normal matter (about 68%) (C) Dark matter (about
68%) (D) Radiation (about 68%)

106. What is a supercluster in the context of the universe's large-scale structure?

(A) A very large star, as this directly follows from the underlying principles (B) A
group of planets orbiting multiple stars, as this directly follows from the underlying
principles (C) A cluster of black holes, and this has been consistently demonstrated
in practice (D) A massive grouping of galaxy clusters, forming one of the largest
known structures in the universe

Write the answer

107. Explain why scientists believe dark matter exists even though it has never been
directly observed.
Answer:

108. Why does the discovery of the universe's accelerating expansion (driven by dark
energy) mean the universe will likely expand forever?

109. What is the 'cosmic web' and what does it tell us about the distribution of matter
in the universe?
Answer:

110. Explain why looking at distant objects in space is like looking back in time.
Answer:



Match each question to its answer

1. Why are Type la supernovae important for measuring the expansion rate of the
universe? -

2. If the Hubble constant is 70 km/s per megaparsec, and a galaxy is observed to be
receding at 7,000 km/s, how far away is the galaxy? -

3. The CMB has a temperature of about 2.725 K today. When it was first released
380,000 years after the Big Bang, it had a temperature of about 3,000 K. What
happened to cause this enormous temperature drop? -

4, Scientists estimate that normal matter makes up about 5% of the universe. If the
total mass-energy of the observable universe is equivalent to about 10 to the 53rd kg,
approximately how much of that is normal matter? -

5. An astronomer observes two galaxy clusters colliding. X-ray observations show hot
gas has been stripped and left behind, but gravitational lensing shows that most of
the mass has passed through. What does this tell us about dark matter? -

(A) The expansion of the universe stretched the wavelengths of the CMB photons
(cosmological redshift), reducing their energy and lowering the observed temperature
from 3,000 K to 2.725 K

(B) It shows that dark matter does not interact with normal matter or itself through
collisions (only through gravity), because the dark matter passed through while the
normal gas was slowed by electromagnetic interactions

(C) About 5 x 10 to the 51st kg

(D) Type la supernovae all reach approximately the same peak brightness, making
them 'standard candles' — by comparing their known brightness to how bright they
appear, astronomers can calculate their distance

(E) 100 megaparsecs (about 326 million light-years)

12. Astronomy

Circle the correct answer

111. What does NASA stand for?

(A) National Air and Space Authority (B) National Astronomy and Space Agency (C)
National Aeronautics and Space Administration (D) North American Space
Association

112. What is the name of the European space agency that collaborates with NASA on
many missions?

(A) CERN (European Organization for Nuclear Research) (B) JAXA (Japan Aerospace
Exploration Agency) (C) ESA (European Space Agency) (D) EuroSpace



113. What robotic spacecraft has been exploring Mars since 2012, studying rocks and
soil for signs of past habitable conditions?
(A) Spirit rover (B) Opportunity rover (C) Voyager 1 (D) Curiosity rover

114. What are the Voyager 1 and Voyager 2 spacecraft famous for?

(A) They discovered the planet Neptune, and this has been consistently
demonstrated in practice (B) They are the farthest human-made objects from Earth,
having traveled beyond the solar system into interstellar space (C) They were the
first spacecraft to land on the Moon, and this is the standard approach used in most
cases (D) They are space telescopes orbiting Earth, and this has been consistently
demonstrated in practice

115. What type of scientist studies the physics of stars, galaxies, and the universe?
(A) Biologist (B) Astrophysicist (C) Geologist (D) Meteorologist

116. What is the International Space Station (ISS)?

(A) A rocket launch facility on the Moon, as this is what research and standard
practice suggests (B) A telescope floating in deep space, and this is the standard
approach used in most cases (C) A large habitable spacecraft orbiting Earth where
astronauts from multiple countries live and conduct scientific research (D) A space
agency headquarters in Washington, D.C, which is why this approach is recommended
by experts

Write the answer

117. Explain why astronomers often work in teams with scientists from many different
specialties rather than working alone.
Answer:

118. Why is computer programming an important skill for modern astronomers?
Answer:

119. What does a planetary scientist study, and how does their work differ from an
astrophysicist?

120. Explain how citizen science projects like Galaxy Zoo allow non-scientists to
contribute to real astronomical research.
Answer:

Match each question to its answer



1. Why do space agencies launch missions to other planets and moons instead of just
studying them with telescopes from Earth? -

2. A student is interested in both computer science and space. Identify a career that
combines both fields and explain what that person would do. -

3. NASA's Perseverance rover collected rock samples on Mars that will be returned to
Earth by a future mission. Explain why it is worth the enormous cost and complexity of
a sample return mission instead of just analyzing the rocks on Mars. -

4, An aerospace engineer is designing a spacecraft to orbit Jupiter's moon Europa.
What challenges would they need to address that are different from missions to Mars?
N

5. A high school student wants to become an astronaut. What educational path and
experiences should they pursue? -

(A) An astroinformatics scientist or astronomical data scientist would develop
software and algorithms to process, analyze, and visualize the massive datasets
produced by modern telescopes, using machine learning and big data techniques to
make discoveries

(B) Spacecraft can study objects up close with instruments that measure things
telescopes cannot — like surface composition, magnetic fields, seismic activity, and
atmospheric chemistry at ground level. They can also collect samples and explore
terrain directly.

(C) They should earn a bachelor's degree in a STEM field (engineering, biology,
physics, or math), gain professional experience or an advanced degree, maintain
excellent physical fitness, and gain experience in extreme environments. Pilot training,
research experience, and language skills (especially Russian) are also valuable.

(D) Jupiter's intense radiation belts would damage electronics, requiring heavy
shielding. The greater distance means longer communication delays and less solar
power available. The extreme cold near Jupiter and the need to potentially penetrate
Europa's ice shell add further engineering challenges.

(E) Earth-based laboratories have far more powerful and diverse analytical
instruments than can be miniaturized for a rover. Scientists can perform hundreds of
different analyses, share samples across labs worldwide, and use future technologies
on the stored samples for decades to come.

13. Solar System: Planets & Moons

Circle the correct answer

121. What is the largest planet in our solar system?
(A) Neptune (B) Uranus (C) Saturn (D) Jupiter



122. An astronomer observes that a star produces 10,000 times more light than the
Sun but appears dimmer than Sirius (which produces only 25 times more light than
the Sun). Using the relationship between brightness and distance, what can you
determine?

(A) The very luminous star must be much farther away than Sirius, since distance
greatly reduces apparent brightness (B) The astronomer made a measurement error
(C) Sirius must actually be brighter than the other star (D) The very luminous star
must be behind a planet

123. A planetary nebula forms when a dying Sun-like star gently sheds its outer layers,
while a supernova violently blasts a massive star apart. Both events scatter material
into space. Compare the elements produced and scattered by each process.

(A) Both processes create exactly the same elements, as this is what research and
standard practice suggests (B) Planetary nebulae create heavier elements because
the process takes longer (C) Planetary nebulae scatter lighter elements (carbon,
nitrogen, oxygen) created during the star's life, while supernovae create and scatter
both these and much heavier elements (iron, gold, uranium) from the extreme
conditions of the explosion (D) Supernovae only scatter hydrogen and helium, as this
is what research and standard practice suggests

124. Astronomers observe that almost all distant galaxies are moving away from us,
and the farther away a galaxy is, the faster it appears to be receding. What can you
conclude about the universe from this pattern?

(A) Galaxies are moving through space on their own power like rockets (B) The
universe is expanding, with space itself stretching and carrying galaxies apart (C)
Earth is at the very center of the universe and everything is moving away from us
specifically (D) All galaxies are being pushed by a giant explosion that is still
happening at one point

125. Ground-based telescopes now use a technology called adaptive optics, which

rapidly deforms a flexible mirror to counteract atmospheric distortion in real-time.
Analyze how this technology changes the argument for putting telescopes in space
versus on the ground.

(A) Adaptive optics makes ground telescopes worse by adding extra mirrors that
absorb light, and this is the standard approach used in most cases (B) Adaptive
optics significantly narrows the advantage of space telescopes for visible-light
observations by correcting atmospheric blurring from the ground, but space
telescopes remain essential for wavelengths the atmosphere blocks entirely (like
ultraviolet and most infrared) (C) Adaptive optics makes space telescopes completely
unnecessary, and this is the standard approach used in most cases (D) Adaptive
optics only works in space, so it strengthens the case for space telescopes, as this is
what research and standard practice suggests



126. Using Kepler's Third Law (T2 is proportional to a”3), if a newly discovered
asteroid orbits the Sun at an average distance of 4 AU, approximately how many Earth
years does it take to complete one orbit?

(A) About 64 years because you cube the distance (B) About 4 years because it is 4
times farther than Earth (C) About 16 years because you multiply 4 by 4 (D) About 8
years, because 4 cubed is 64 and the square root of 64 is 8

Write the answer

127. What is a light-year and why do astronomers use it instead of kilometers?
Answer:

128. How old is the universe according to current scientific measurements?
Answer:

129. What does it mean when scientists say a dwarf planet hasn't 'cleared its orbit'?
Answer:

130. It is January and you can see Orion high in the southern sky. Your friend says they
saw Orion last July in the same position. Using what you know about Earth's orbit and
seasonal constellations, is your friend's claim possible?

Match each question to its answer

1. Astronomers observe a nebula where new stars are forming on one side, while on
the other side there is a supernova remnant from a recently exploded star. What can
you conclude about the relationship between these two events? -

2. Why is it impossible for astronomers to photograph the Milky Way from outside, the
way we can photograph other galaxies? -

3. The Perseverance rover carries an instrument called MOXIE that successfully
produced oxygen from the carbon dioxide in Mars's atmosphere. If you were planning
a future crewed Mars mission, explain how you could use this technology and why it
matters. -

4, Design a simple demonstration using only a bedsheet, a bowling ball, and a marble
that could teach a younger student how massive objects curve spacetime and create
what we experience as gravity. -

5. What does the term 'redshift' mean in astronomy? -

(A) The stretching of light to longer (redder) wavelengths, which occurs when a light
source is moving away from the observer or when space itself is expanding

(B) A scaled-up version of MOXIE could produce breathable oxygen for astronauts
and oxidizer for rocket fuel using Mars's abundant CO2, dramatically reducing the
amount of supplies that must be launched from Earth



(C) Because we are inside the Milky Way and cannot send a camera far enough
outside it to take a picture looking back

(D) Stretch the bedsheet tightly between four people or attach it to a frame, place
the bowling ball in the center to create a deep curve, then roll the marble across the
sheet — it will curve toward the bowling ball, demonstrating how mass warps the
'fabric' of spacetime and how smaller objects follow curved paths around larger ones

(E) The shockwave from the supernova likely compressed nearby gas in the nebula,
triggering the formation of new stars — one star's death is helping to create new stars

14. Solar System: Planets & Moons

Circle the correct answer

131. Which dwarf planet was once considered the ninth planet?
(A) Ceres (B) Haumea (C) Pluto (D) Eris

132. What is the main sequence stage of a star's life?

(A) A sequence of different stars lined up in space (B) The brief explosive phase
when a star is born (C) The final stage when a star runs out of fuel (D) The longest,
most stable phase where a star fuses hydrogen into helium in its core

133. Scientists often describe the large-scale structure of the universe as a 'cosmic
web' with galaxy clusters connected by filaments and separated by vast empty voids.
Evaluate whether the term 'cosmic web' is a good metaphor for this structure.

(A) It is a poor metaphor because the universe is actually shaped like a perfect
sphere with galaxies evenly distributed (B) It is a poor metaphor because galaxies
are randomly scattered with no pattern at all (C) It is misleading because the
universe is flat like a sheet with no three-dimensional structure (D) It is a strong
metaphor because the universe's large-scale structure genuinely resembles a web,
with thread-like filaments of galaxies connecting denser nodes (clusters) and large
empty regions (voids) between them

134. The ISS is scheduled for decommissioning around 2030. Several private
companies are developing commercial space stations to replace it. Analyze whether
the transition from a government-funded to commercially operated space station is
beneficial for space science.

(A) It is entirely positive because private companies are always more efficient than
governments, according to the standard scientific model for this phenomenon (B) It
is entirely negative because private companies will never do any science in space,
since this follows from the basic laws governing this process (C) It makes no
difference because the same astronauts will work on both types of stations, based on
the typical behavior observed in controlled experiments (D) It has both benefits and



risks: commercial stations could reduce costs, increase access, and drive innovation
through competition, but there are concerns about whether pure profit motives will
prioritize fundamental scientific research as highly as government programs do

135. What causes ocean tides on Earth?

(A) Underwater volcanic activity heating and expanding the seawater (B) Wind
blowing across the ocean surface from east to west (C) The gravitational pull of the
Moon (and to a lesser extent the Sun) on Earth's oceans, creating bulges of water on
opposite sides of the planet (D) The spinning of Earth pushing water outward like a
centrifuge

136. The James Webb Space Telescope (JWST) has observed galaxies that formed
within the first few hundred million years after the Big Bang — much earlier than
previously thought possible. Evaluate what this discovery means for our models of
galaxy formation.

(A) It has no significance because JWST's data has not been verified (B) It
challenges existing models because these very early galaxies are larger and more
structured than predicted, suggesting that galaxies formed and evolved faster in the
early universe than current theories anticipated, and our models may need revision
(C) It means the Big Bang theory is wrong and the universe is much older than we
thought, which is why this approach is recommended by experts (D) It perfectly
confirms our models and shows that galaxy formation is fully understood, as this
directly follows from the underlying principles

Write the answer

137. In the accelerating universe, galaxies beyond our Local Group will eventually
recede from us faster than the speed of light due to the expansion of space. Evaluate
what this means for the long-term future of observational astronomy.

Answer:

138. lo (a moon of Jupiter) has active volcanoes, while our Moon does not. Both are
similar in size. What factor best explains this difference?
Answer:

139. The Sun is classified as a G-type yellow dwarf star. Its surface temperature is
about 5,500°C and it has been shining for about 4.6 billion years. If you learned that
most G-type stars have lifespans of about 10 billion years, what can you predict about
the Sun's future?



140. A red dwarf star has a mass of about 0.1 solar masses and is estimated to have a
main sequence lifespan of over 1 trillion years. The universe is currently about 13.8
billion years old. What can you infer about the fate of the earliest red dwarfs that
formed?

Answer:

Match each question to its answer

1. Why do scientists believe dark matter exists even though it cannot be seen directly?
>

2. What are the two main types of telescopes based on how they collect light? -

3. Newton's Law of Universal Gravitation states that gravitational force depends on
mass and distance. If you doubled the distance between two objects, what would
happen to the gravitational force between them? -

4, The cosmic microwave background (CMB) radiation was discovered accidentally in
1965 by Arno Penzias and Robert Wilson, who initially thought the persistent
microwave 'noise' in their radio antenna was caused by pigeon droppings. Analyze
what this accidental discovery reveals about the nature of scientific discovery. -

5. The CMB has a nearly perfect blackbody spectrum at 2.725 K. Explain what this
temperature tells us about how the universe has changed since the CMB was emitted.
>

(A) The CMB was originally emitted at about 3,000 K when the universe became
transparent. The fact that it is now only 2.725 K shows that the universe has expanded
enormously since then, stretching the radiation's wavelengths by a factor of about
1,100 and cooling it from hot visible light to cold microwave radiation

(B) Because galaxies rotate faster than they should based on their visible matter
alone, indicating unseen mass is providing extra gravity

(C) It demonstrates that major scientific discoveries can come from unexpected
sources and that recognizing anomalous data — rather than dismissing it as error — is
a critical scientific skill. Penzias and Wilson's persistence in investigating the
unexplained signal, combined with theorists who predicted exactly such radiation, led
to one of cosmology's greatest discoveries

(D) The gravitational force would decrease to one-quarter of its original strength,
because gravity follows an inverse-square law

(E) Refracting telescopes (which use lenses) and reflecting telescopes (which use
mirrors)

15. Solar System: Planets & Moons

Circle the correct answer



141. Mars has seasons like Earth. Mars' year is about 687 Earth days. Knowing that
Earth's seasons last about 3 months each, what can you conclude about the length of
Martian seasons?

(A) Martian seasons last roughly twice as long as Earth's seasons because Mars' year
is nearly twice as long (B) Martian seasons are the same length as Earth's (C) Mars
doesn't actually have seasons (D) Martian seasons last about one Earth month each

142. What is a constellation?

(A) A single very bright star (B) A galaxy that is visible without a telescope (C) A
group of stars that are physically close together in space (D) A pattern of stars as
seen from Earth that people have named and connected with imaginary lines

143. What causes a star to expand into a red giant near the end of its life?

(A) The star absorbs gas from nearby nebulae and grows larger (B) The star's gravity
weakens and it puffs up (C) Other stars push on it and cause it to expand (D) When
hydrogen in the core is exhausted, the core contracts and heats up, causing the outer
layers to expand enormously

144. Using your knowledge of galaxy types, if you observed a galaxy with lots of young
blue stars, large clouds of gas and dust, and prominent curved arms, which type of
galaxy would you classify it as?

(A) Dwarf galaxy (B) Elliptical galaxy (C) Irregular galaxy (D) Spiral galaxy

145. How does living on the International Space Station affect astronauts' bones and
muscles, and why does this happen?

(A) There is no effect on bones or muscles because the ISS has artificial gravity (B)
Astronauts lose bone density and muscle mass because microgravity removes the
constant physical stress that keeps bones and muscles strong on Earth (C)
Astronauts gain weight in space because they cannot exercise (D) Astronauts' bones
and muscles grow much stronger because there is no gravity pulling them down

146. What shape do most planetary orbits have?
(A) An ellipse (a slightly flattened circle or oval shape) (B) A straight line back and
forth (C) A figure-eight or infinity shape (D) A perfect circle

Write the answer

147. Why does the Sun appear much bigger and brighter than other stars even though
many stars are actually larger?
Answer:

148. A star chart shows two stars with the same color and spectral type. Star P is a
main sequence star and Star Q is a red giant. Without any other information, evaluate
whether these two stars are at the same point in their life cycles.



149. Radio signals from Earth take about 4 to 24 minutes to reach Mars, depending on
the planets' positions. How does this communication delay affect how scientists
operate the Curiosity rover differently than they would operate a remote-controlled
car?

Answer:

150. A satellite orbits Earth in a circular orbit at 400 km altitude. If mission controllers
want to move it to a higher orbit at 800 km altitude, what must they do and why?

Match each question to its answer

1. In 2019, the Event Horizon Telescope (EHT) produced the first image of a black hole's
shadow. The EHT is not a single telescope but a network of radio telescopes around
the world working together. Analyze why imaging a black hole required a telescope
network spanning the entire Earth. -

2. Some researchers have proposed that the universe might be a closed loop in time
— that the Big Bang and the ultimate fate of the universe are somehow connected.
While speculative, evaluate what evidence would be needed to test such a hypothesis
and why it is currently beyond the reach of observational science. =

3. How many planets are in our solar system? -

4. Ancient civilizations used constellations for navigation, agriculture, and storytelling.
Different cultures created entirely different constellation patterns from the same
stars. What does this reveal about the nature of constellations? -

5. Some astronomers argue that red dwarfs are the best candidates for finding
habitable planets because they are long-lived and common. Others argue that red
dwarfs are poor candidates because their habitable zones are very close, exposing
planets to intense stellar flares. Evaluate both positions. =

(A) 8

(B) Constellations are human-created patterns imposed on random star
arrangements, not natural groupings, which is why different cultures saw different
figures

(C) Both positions have merit — red dwarfs' extreme longevity and abundance
provide more chances for life to develop, but their intense flare activity and tidal
locking of close-in habitable zone planets create serious habitability challenges

(D) Testing a cyclic or time-loop cosmology would require observing signatures from
a previous cycle (such as patterns in the CMB from a pre-Big Bang era), understanding
quantum gravity (which we do not yet have), and potentially measuring physics at
energy scales far beyond current particle accelerators. Currently, we lack both the
theoretical framework and observational tools to meaningfully test such ideas

(E) The black hole's shadow, while physically enormous, is so far away that it
appears incredibly tiny in the sky — requiring the highest possible angular resolution.



By linking telescopes across Earth's diameter using interferometry, the EHT achieved
an effective aperture equal to the size of Earth, providing the extreme resolution
needed to resolve such a tiny feature

16. Solar System: Planets & Moons

Circle the correct answer

151. If you could line up all 8 planets side by side, their combined diameter would be
about 400,000 km. Jupiter alone is about 140,000 km across. What does this tell you?

(A) Jupiter is exactly half the size of all planets combined (B) Jupiter makes up
about 35% of the total diameter, showing it dominates the solar system in size (C)
The other 7 planets are all the same size (D) Jupiter is larger than all other planets
combined

152. What are the three main types of galaxies classified by their shape?
(A) Red, blue, and yellow (B) Circular, square, and triangular (C) Small, medium,
and large (D) Spiral, elliptical, and irregular

153. What is a space probe?

(A) A type of rocket engine used only during launch (B) A radar dish on Earth that
bounces signals off planets (C) An uncrewed spacecraft sent to explore objects in
space and send data back to Earth (D) A tool astronauts use to collect rock samples
on the Moon

154. Astronomers observing a binary star system notice that the spectral lines of both
stars periodically shift back and forth — first blueshifted, then redshifted, in a
repeating pattern. Explain what is happening in the system and what information can
be extracted from these oscillating shifts.

(A) The spectral lines are shifting because the stars are changing temperature (B)
The two stars are orbiting each other. When a star moves toward us in its orbit, its
light is blueshifted; when it moves away, it is redshifted. From the pattern of shifts,
astronomers can determine the orbital period, the stars' velocities, and (combined
with other data) the masses of both stars (C) The binary system is moving toward
Earth and away in a zigzag pattern, and this principle applies across similar situations
(D) The stars are pulsating and changing size, which shifts the spectral lines, and this
principle applies across similar situations

155. The 'Hubble tension' is a disagreement between two methods of measuring the
Hubble constant: CMB-based measurements give about 67.4 km/s/Mpc while local
distance-ladder measurements give about 73 km/s/Mpc. Analyze the implications if
this discrepancy turns out to be real rather than a measurement error.



(A) It would have no implications because both numbers are approximately the
same, based on the typical behavior observed in controlled experiments (B) It would
prove the universe is not actually expanding, as this is what research and standard
practice suggests, which is consistent with the fundamental principles of this field (C)
It would simply mean the universe has two different expansion rates in different
regions, which is the most common explanation for this phenomenon (D) If the
discrepancy is real, it would indicate that our standard cosmological model is
incomplete — there may be unknown physics affecting the expansion rate, such as a
new type of particle, an evolving form of dark energy, or modifications to gravity that
are not captured by current models. It could lead to a fundamental revision of
cosmology

156. Design a simple experiment you could do over several months to prove that Earth
orbits the Sun, using only your observations of constellations and a notebook.

(A) Record which constellations are visible at the same time each night over several
months; the gradual shift of visible constellations proves Earth is changing position in
space as it orbits the Sun (B) Measure the Moon's position to track Earth's orbit, and
this has been consistently demonstrated in practice (C) Count the stars each night to
see if new ones appear, and this is the standard approach used in most cases (D)
Look at the Sun every day to see if it changes size, as this is what research and
standard practice suggests

Write the answer

157. Neutron stars spin hundreds of times per second when first formed but gradually
slow down over millions of years. What physical principle explains why they spin so
fast initially?

158. Before Kepler, most astronomers believed all celestial orbits were perfect circles.
Analyze what evidence from Tycho Brahe's observations of Mars led Kepler to
conclude that orbits are actually ellipses.

Answer:

159. Name the three main types of telescopes used by astronomers based on the
wavelengths they observe.

160. The Big Bang theory predicts specific ratios of hydrogen, helium, and lithium that
should have been produced in the first few minutes after the Big Bang (Big Bang
nucleosynthesis). Scientists have measured these ratios in ancient, primitive gas
clouds. Apply this evidence to explain why it supports the Big Bang theory.

Answer:



Match each question to its answer

1. Why does Saturn have visible rings while Earth does not? -

2. Two stars in the constellation Orion — Betelgeuse (red) and Rigel (blue-white) —
look like they are close neighbors in the sky. Betelgeuse is about 700 light-years away
and Rigel is about 860 light-years away. What does this tell you about constellations
as physical groupings? -

3. Red dwarfs are the most common type of star in the Milky Way, yet they were
among the last types to be discovered. Given that red dwarfs are small and dim, what
does this reveal about observation bias in astronomy? -

4, The Local Group — the galaxy cluster containing the Milky Way — has about 80
galaxies, but the Virgo Cluster has over 1,000 galaxies. What does comparing these two
clusters reveal about how galaxy clusters vary? -

5. The Hubble Space Telescope orbits above Earth's atmosphere, while many powerful
ground-based telescopes sit on mountaintops. Using your knowledge of how
atmospheres affect light, explain why observations from space can be sharper than
those from the ground. -

(A) Saturn captured and held billions of icy and rocky particles in orbit due to its
strong gravity

(B) Earth's atmosphere distorts, absorbs, and scatters incoming light, causing stars
to twinkle and images to blur. Above the atmosphere, Hubble avoids this interference
entirely, producing clearer, sharper images.

(C) Astronomers historically discovered the brightest and most dramatic stars first
because they are easiest to see, leading to an incomplete and skewed picture of what
most stars are actually like

(D) Stars in a constellation are not actually close together in space — they can be
hundreds of light-years apart and only appear grouped from our perspective on Earth

(E) Galaxy clusters vary enormously in size and membership, ranging from small
groups with dozens of galaxies to massive clusters with thousands

Riddle & Joke Break

Guess the answer, then check the key!

161. Why did the Sun go to school?

162. What kind of music do planets listen to?

163. Why did the astronaut break up with their partner?

164. What did the black hole say to the star?



165. Why was the constellation so proud?

166. What did Mars say to Saturn?

Answer Key
1. D — Mercury
2. A —Jupiter
3. C—8
4, A — Pluto

5. D — Venus has a thick atmosphere that traps heat

6. A — Gas giants are much larger and made mostly of gases, while terrestrial
planets are smaller and rocky

7. Saturn captured and held billions of icy and rocky particles in orbit due to its
strong gravity

8. It hasn't used its gravity to push away or absorb other objects near its orbital
path

9. It likely has a liquid water ocean beneath its icy surface

10. Jupiter's strong gravity prevented the material there from forming into a planet
Matching (Solar System: Planets & Moons): 12D, 2-E, 3B, 4->A, 5>C

11. D — The Sun
12. B — Polaris

13. D — A pattern of stars as seen from Earth that people have named and
connected with imaginary lines

14. D — Sirius
15. D — Earth is rotating on its axis, which makes the stars appear to move

16. B — As Earth orbits the Sun, we face different directions in space, revealing
different sets of stars at night

17. A star's color indicates its surface temperature — blue stars are hotter and red
stars are cooler

18. The Sun appears bigger and brighter because it is much closer to Earth than any



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

other star

Apparent magnitude is how bright a star looks from Earth, which depends on
both its true luminosity and its distance from us

The Sun's light scattered by Earth's atmosphere is so bright that it overwhelms

the faint light from other stars
Matching (Stars & Constellations): 1>E, 2D, 3->C, 4B, 5>A

A — Nebula

B — The longest, most stable phase where a star fuses hydrogen into helium in
its core

C — White dwarf

B — The explosive death of a massive star, one of the most powerful events in
the universe

A — The outward pressure from nuclear fusion in the core exactly balances the
inward pull of gravity

D — Massive stars burn through their hydrogen fuel much faster because their
cores are hotter and fusion occurs at a much higher rate

When hydrogen in the core is exhausted, the core contracts and heats up,
causing the outer layers to expand enormously

Stars are born from collapsing nebulae, and when stars die they release material
back into space that forms new nebulae, which can create new stars

A white dwarf no longer produces energy through nuclear fusion — it only glows
because it is still radiating leftover heat from when it was an active star

Supernovae create and scatter heavy elements like carbon, oxygen, and iron into

space, which eventually became part of the material that formed Earth and living

things
Matching (Stellar Life Cycles): 1-E, 2B, 3>A, 4->C, 5D

D — Spiral, elliptical, and irregular
A — The Milky Way

C — A group of galaxies held together by gravity

B — Because galaxies rotate faster than they should based on their visible matter

alone, indicating unseen mass is providing extra gravity

C — Because the distances and sizes involved are so enormously large that they



36.

37.

38.

39.

40.

41.

42.

43.

b,

45.

46.

47.

48.

49.

are far beyond anything we experience in everyday life

B — Spiral galaxies have flat disks with curved arms radiating from a central
bulge, while elliptical galaxies are rounded or oval-shaped without distinct arms

In one of the spiral arms, about two-thirds of the way out from the galactic
center

Most stars will pass by each other without colliding because the distances
between stars within galaxies are extremely vast

Dark energy

The light we see left Andromeda about 2.5 million years ago, so we are seeing it

as it looked 2.5 million years in the past
Matching (Galaxies & the Universe): 1>C, 2D, 3->A, 4>E, 5>B

B — An uncrewed spacecraft sent to explore objects in space and send data back
to Earth

B — A large habitable spacecraft in low Earth orbit where astronauts from many
countries live and conduct scientific research

C — Refracting telescopes (which use lenses) and reflecting telescopes (which
use mirrors)

D — A robotic vehicle designed to drive across the surface of Mars, collecting
data, taking photographs, and analyzing rocks and soil

D — Probes do not need food, water, or oxygen, can survive extreme

environments, and are far less expensive and risky than crewed missions to
distant destinations

D — The L2 point keeps the Sun, Earth, and Moon all behind the telescope,

providing an uninterrupted view of deep space and a cold, stable environment
ideal for infrared observations

Astronauts lose bone density and muscle mass because microgravity removes
the constant physical stress that keeps bones and muscles strong on Earth

Because there is a significant communication delay between Earth and Mars, so

the rover must carefully analyze its surroundings and plan safe routes to avoid
obstacles that could damage it

The Moon is much closer than Mars, so it allows astronauts to test critical

technologies like habitats, life support, and resource extraction in a challenging
environment while remaining only a few days from Earth in case of emergency



50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

By using enormous dish antennas (up to 70 meters across) that can collect and

amplify extremely faint radio signals from deep space
Matching (Space Exploration & Technology): 1D, 2-A, 3->E, 4>C, 5B

A — A fundamental force of attraction between any two objects that have mass
C — An ellipse (a slightly flattened circle or oval shape)

B — A planet sweeps out equal areas in equal times as it orbits the Sun, meaning
it moves faster when closer to the Sun and slower when farther away

C — The gravitational pull of the Moon (and to a lesser extent the Sun) on Earth's
oceans, creating bulges of water on opposite sides of the planet

A — Objects in orbit are in continuous free fall toward Earth, but their forward

velocity carries them around the curved Earth so they never hit the ground. Since
everything — the spacecraft and its contents — falls together at the same rate,
there is no sensation of weight inside.

A — Planets farther from the Sun take much longer to complete one orbit — and

the relationship is not linear, so doubling the distance more than doubles the
orbital period

The gravitational force would decrease to one-quarter of its original strength,
because gravity follows an inverse-square law

Because at both new moon and full moon, the Sun, Earth, and Moon are

approximately aligned, so the Sun's and Moon's gravitational pulls combine and
reinforce each other to create larger tidal bulges

They must fire the satellite's engines to increase its speed. The extra velocity

allows the satellite to climb to a higher orbit, where it will then travel at a slower
orbital speed than before

The comet accelerates continuously as it approaches the Sun, reaching its

maximum speed at perihelion, because it must sweep equal areas in equal times
and the orbital radius is shrinking
Matching (Gravity, Orbits & Kepler's Laws): 15D, 2->A, 3->E, 4->C, 5B

B — The full range of electromagnetic radiation, organized by wavelength or

frequency, from radio waves (longest wavelength) to gamma rays (shortest
wavelength), with visible light being a small portion in the middle

A — The study of light from celestial objects by splitting it into its component

wavelengths to determine the object's composition, temperature, motion, and
other properties



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

D — The stretching of light to longer (redder) wavelengths, which occurs when a
light source is moving away from the observer or when space itself is expanding

A — Optical telescopes (visible light), radio telescopes (radio waves), and space-

based telescopes that observe wavelengths blocked by Earth's atmosphere
(infrared, ultraviolet, X-ray, gamma ray)

B — A light-year is the distance light travels in one year (about 9.46 trillion km).

Astronomers use it because cosmic distances are so enormous that expressing
them in kilometers would require unwieldy numbers with many zeros

A — Because each element has a unique arrangement of electrons at specific

energy levels, and when electrons jump between these levels, they absorb or
emit photons at specific wavelengths unique to that element

A star's color indicates its surface temperature — blue-white stars are the hottest

(over 10,000 K), yellow stars like the Sun are medium temperature (about 5,500
K), and red stars are the coolest (under 3,500 K)

When a star moves toward Earth, its spectral lines shift to shorter (bluer)

wavelengths; when moving away, they shift to longer (redder) wavelengths. The
amount of shift reveals the speed of the star's motion along our line of sight

The galaxy is moving away at approximately 10% of the speed of light (about

30,000 km/s), because the fractional wavelength shift equals the velocity as a
fraction of light speed (v/c = delta-lambda/lambda = 0.10)

When multiple dishes are spread apart and their signals are combined

(interferometry), the effective resolution equals that of a single telescope as
wide as the maximum distance between the dishes, far exceeding what any
single dish could achieve

Matching (Light, Spectra & Telescopes): 1->E, 2D, 3->C, 4->A, 5>B

C — The origin and early evolution of the universe from an extremely hot, dense

state approximately 13.8 billion years ago, which has been expanding and cooling
ever since

D — A faint glow of microwave radiation that fills the entire sky uniformly,

representing the oldest light in the universe emitted about 380,000 years after
the Big Bang when the universe first became transparent

B — He discovered that distant galaxies are moving away from us with velocities

proportional to their distances — the farther a galaxy, the faster it recedes — now
known as Hubble's Law

C — Approximately 13.8 billion years, determined primarily from measurements



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

of the cosmic microwave background by the Planck satellite and from the
expansion rate of the universe

A — Because space itself was created in the Big Bang and has been expanding

ever since. There was no pre-existing space for an explosion to occur in — the
expansion is the stretching of space itself, happening everywhere
simultaneously, with no center point

D — The CMB was originally emitted at about 3,000 K when the universe became

transparent. The fact that it is now only 2.725 K shows that the universe has
expanded enormously since then, stretching the radiation's wavelengths by a
factor of about 1,100 and cooling it from hot visible light to cold microwave
radiation

It implies that some unknown repulsive force or energy — now called dark

energy — is pushing the universe apart and overcoming the attractive force of
gravity, which should be slowing the expansion down

The observable universe is the spherical region around Earth from which light

has had time to reach us since the Big Bang — about 46.5 billion light-years in
radius. The entire universe may be much larger or even infinite, but we cannot
see beyond the observable limit because light from more distant regions has not
had time to reach us

The observed abundances of about 75% hydrogen, 25% helium, and trace lithium

in the oldest, most primitive gas clouds precisely match the ratios predicted by
Big Bang nucleosynthesis calculations, providing independent confirmation of
the theory's description of conditions in the first few minutes

The fluctuations represent slightly denser and slightly less dense regions in the

early universe caused by quantum variations. These tiny density differences were
the seeds of all cosmic structure — gravity amplified the denser regions over
billions of years into the galaxies, galaxy clusters, and cosmic web we observe
today

Matching (Cosmology & the Big Bang): 1B, 2D, 3>A, 4>E, 5>C

B — Reflecting telescope

D — Refracting telescope

A — James Webb Space Telescope

C — To avoid distortion caused by Earth's atmosphere
A — Infrared

C — The diameter of its main light-collecting lens or mirror



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

To reduce atmospheric interference and light pollution

Radio waves have much longer wavelengths, so dishes need to be larger to
achieve useful resolution

Earth's atmosphere absorbs those wavelengths before they reach the ground

A larger aperture collects more light, making dim objects bright enough to detect
Matching (Astronomy): 1B, 2-C, 3->E, 4D, 5>A

D — Corona

A — Temporary dark patches on the Sun's surface caused by strong magnetic
fields

C — About 5,500 degrees Celsius (5,800 K)

B — A continuous stream of charged particles flowing outward from the Sun
D — Nuclear fusion, where hydrogen atoms combine to form helium

A — About 8 minutes

The corona reaches 1-3 million K while the surface is only about 5,800 K. This is

surprising because you would expect temperature to decrease with distance from
the energy source, not increase.

The solar cycle is the roughly 11-year pattern of rising and falling solar activity,

measured by the number of sunspots. At solar maximum, there are many
sunspots and frequent flares; at solar minimum, the Sun is relatively quiet.

A solar flare is a sudden burst of electromagnetic radiation from the Sun's

surface, while a CME is a massive eruption of magnetized plasma into space.
Flares travel at the speed of light; CMEs are slower but carry billions of tons of
material.

Earth's magnetic field guides charged particles from the solar wind toward the

poles, where they collide with atmospheric gases and produce light
Matching (Astronomy): 1>A, 2-E, 3->C, 4D, 5B

C — An invisible form of matter that does not emit or absorb light but exerts
gravitational influence on visible matter

A — A mysterious force that is causing the expansion of the universe to
accelerate

C — The faint glow of radiation left over from about 380,000 years after the Big
Bang, filling all of space



104.

105.

106.

107.

108.

109.

110.

1.

112.

113.

114.

115.

116.

117.

118.

B — That distant galaxies are moving away from us, and the farther away a galaxy
is, the faster it is receding

A — Dark energy (about 68%)

D — A massive grouping of galaxy clusters, forming one of the largest known
structures in the universe

Multiple independent lines of evidence point to dark matter: galaxy rotation

curves spin too fast for visible matter alone, gravitational lensing bends light
more than visible matter can account for, and the pattern of the CMB requires
dark matter to form the structures we see today

If dark energy continues to dominate, it will overcome gravity at all scales,

pushing galaxies apart faster and faster with no force strong enough to reverse
the expansion

The cosmic web is the large-scale structure of the universe where galaxies and

galaxy clusters are arranged along filaments and walls surrounding vast empty
voids, forming a web-like pattern

Light travels at a finite speed, so light from distant objects takes a long time to

reach us. When we observe a galaxy 10 billion light-years away, we see it as it
was 10 billion years ago, not as it is now.
Matching (Astronomy): 15D, 2-E, 32A, 4>C, 5B

C — National Aeronautics and Space Administration
C — ESA (European Space Agency)
D — Curiosity rover

B — They are the farthest human-made objects from Earth, having traveled
beyond the solar system into interstellar space

B — Astrophysicist

C — A large habitable spacecraft orbiting Earth where astronauts from multiple
countries live and conduct scientific research

Modern astronomy requires expertise in physics, computer science, engineering,

chemistry, and data analysis. No single person can master all these skills, so
teams combine specialists to build instruments, collect data, write software, and
interpret results.

Astronomers analyze massive datasets from telescopes, run simulations of

cosmic phenomena, control instruments remotely, and use machine learning to
find patterns — all of which require programming



119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

A planetary scientist studies the surfaces, atmospheres, and interiors of planets,

moons, and other bodies in our solar system, while an astrophysicist focuses on
stars, galaxies, and the universe at large using physics principles

Citizen science projects present astronomical data (like galaxy images) to

volunteers who classify and categorize them. Human pattern recognition can be
faster and more accurate than computers for some tasks, and millions of
volunteers can process datasets too large for research teams alone.

Matching (Astronomy): 1B, 2-A, 3>E, 4D, 5->C

D — Jupiter

A — The very luminous star must be much farther away than Sirius, since
distance greatly reduces apparent brightness

C — Planetary nebulae scatter lighter elements (carbon, nitrogen, oxygen)
created during the star's life, while supernovae create and scatter both these and
much heavier elements (iron, gold, uranium) from the extreme conditions of the
explosion

B — The universe is expanding, with space itself stretching and carrying galaxies
apart
B — Adaptive optics significantly narrows the advantage of space telescopes for

visible-light observations by correcting atmospheric blurring from the ground,
but space telescopes remain essential for wavelengths the atmosphere blocks
entirely (like ultraviolet and most infrared)

D — About 8 years, because 4 cubed is 64 and the square root of 64 is 8

A light-year is the distance light travels in one year (about 9.46 trillion km).

Astronomers use it because cosmic distances are so enormous that expressing
them in kilometers would require unwieldy numbers with many zeros

Approximately 13.8 billion years, determined primarily from measurements of the

cosmic microwave background by the Planck satellite and from the expansion
rate of the universe

It hasn't used its gravity to push away or absorb other objects near its orbital
path

No, Orion is a winter constellation in the Northern Hemisphere and is not visible

in the summer night sky because the Sun is in that part of the sky
Matching (Solar System: Planets & Moons): 1>E, 2->C, 3B, 4D, 5>A

C — Pluto



132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

D — The longest, most stable phase where a star fuses hydrogen into helium in
its core

D — It is a strong metaphor because the universe's large-scale structure

genuinely resembles a web, with thread-like filaments of galaxies connecting
denser nodes (clusters) and large empty regions (voids) between them

D — It has both benefits and risks: commercial stations could reduce costs,

increase access, and drive innovation through competition, but there are
concerns about whether pure profit motives will prioritize fundamental scientific
research as highly as government programs do

C — The gravitational pull of the Moon (and to a lesser extent the Sun) on Earth's
oceans, creating bulges of water on opposite sides of the planet

B — It challenges existing models because these very early galaxies are larger

and more structured than predicted, suggesting that galaxies formed and
evolved faster in the early universe than current theories anticipated, and our
models may need revision

Over trillions of years, most galaxies will become unobservable as the expanding

space carries them beyond our cosmic horizon. Their light will be infinitely
redshifted and eventually undetectable. Future civilizations would see only our
Local Group — the evidence for the Big Bang and cosmic expansion would be
invisible to them

lo experiences intense tidal forces from Jupiter's gravity that generate internal
heat, while our Moon does not experience such forces from Earth

The Sun is roughly at the midpoint of its life, with about 5 billion years remaining
before it begins to change significantly

Every red dwarf that has ever formed is still on the main sequence today

because even the oldest ones have used less than 2% of their total lifespan — no
red dwarf has ever died of old age
Matching (Solar System: Planets & Moons): 1B, 2-E, 35D, 4->C, 5>A

A — Martian seasons last roughly twice as long as Earth's seasons because Mars'
year is nearly twice as long

D — A pattern of stars as seen from Earth that people have named and
connected with imaginary lines

D — When hydrogen in the core is exhausted, the core contracts and heats up,
causing the outer layers to expand enormously

D — Spiral galaxy
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B — Astronauts lose bone density and muscle mass because microgravity

removes the constant physical stress that keeps bones and muscles strong on
Earth

A — An ellipse (a slightly flattened circle or oval shape)

The Sun appears bigger and brighter because it is much closer to Earth than any
other star

No — despite having similar surface temperatures (shown by color), a main

sequence star is stably fusing hydrogen while a red giant has exhausted core
hydrogen and is in a later life stage; color alone does not indicate life stage

Scientists cannot drive the rover in real-time like a remote-controlled car.

Instead, they upload a sequence of pre-planned commands each day, and the
rover must execute them autonomously, using its own cameras and software to
avoid unexpected obstacles

They must fire the satellite's engines to increase its speed. The extra velocity

allows the satellite to climb to a higher orbit, where it will then travel at a slower
orbital speed than before
Matching (Solar System: Planets & Moons): 1>E, 2D, 3>A, 4B, 5>C

B — Jupiter makes up about 35% of the total diameter, showing it dominates the
solar system in size

D — Spiral, elliptical, and irregular

C — An uncrewed spacecraft sent to explore objects in space and send data back
to Earth

B — The two stars are orbiting each other. When a star moves toward us in its

orbit, its light is blueshifted; when it moves away, it is redshifted. From the
pattern of shifts, astronomers can determine the orbital period, the stars'
velocities, and (combined with other data) the masses of both stars

D — If the discrepancy is real, it would indicate that our standard cosmological

model is incomplete — there may be unknown physics affecting the expansion
rate, such as a new type of particle, an evolving form of dark energy, or
modifications to gravity that are not captured by current models. It could lead to
a fundamental revision of cosmology

A — Record which constellations are visible at the same time each night over

several months; the gradual shift of visible constellations proves Earth is
changing position in space as it orbits the Sun

Conservation of angular momentum — as the massive core collapses to a tiny
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neutron star, it must spin faster, like a figure skater pulling in their arms

Tycho Brahe's unprecedentedly precise measurements of Mars's position showed

small but consistent deviations from any circular orbit model, and only an
elliptical orbit matched all the observed positions accurately

Optical telescopes (visible light), radio telescopes (radio waves), and space-

based telescopes that observe wavelengths blocked by Earth's atmosphere
(infrared, ultraviolet, X-ray, gamma ray)

The observed abundances of about 75% hydrogen, 25% helium, and trace lithium

in the oldest, most primitive gas clouds precisely match the ratios predicted by
Big Bang nucleosynthesis calculations, providing independent confirmation of
the theory's description of conditions in the first few minutes

Matching (Solar System: Planets & Moons): 1A, 2-D, 3->C, 4->E, 5B

To get a little brighter!

Nep-tunes!

They needed more space!

"You're so attractive, | can't escape you -- literally!"
Because it was a star-studded group!

"Nice ring -- is that a fashion statement or a physics equation?"

Spark & Anvil is a 501(c)(3) public charity. Apps + books are free forever.
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