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Introduction

The CosmosForge cast was authored to embody the curriculum, not decorate around it.
Each of the 6 characters you'll meet in this book teaches a specific primitive —

a particular tactic, a particular technique, a particular way of seeing.

Together they form an ensemble: the cast IS the curriculum.

Read in any order. Each chapter stands alone.
Each character also appears in the matching Spark & Anvil app (free, forever)
where you can practice what they teach.

— The editors at Spark & Anvil



Edge and Gleam

cosmic-scale pair — Edge marks the boundary of the observable universe (cosmological horizon). Gleam marks the photon
journeys that bring us evidence of distant things (light's travel time = look-back time). Together they teach how we KNOW what we
know at cosmic scale.

The observatory deck of the cosmosforge was quiet, filled with the gentle hum of starlight filters. Edge sat cross-legged on
the cool metal floor, sketching with a focused calm. In front of them, a giant, shimmering bubble of light hovered in the air.
Edge was carefully dabbing faint smudges of orange and blue onto its surface with a glowing stylus. Each dab was placed
with immense precision, as if they were painting the inside of a colossal eggshell. The bubble wasn't just a picture; it was a
map of the entire sky, showing the oldest light in the universe.

Nearby, Gleam zipped back and forth, tracing a single, brilliant thread of light that snaked across a holographic star chart.
The thread started at a tiny, fuzzy galaxy billions of light-years away and ended right at the center of the deck, where a
model of their observatory spun slowly. Gleam’s movements were quick and full of energy, a stark contrast to Edge’s
stillness. They would follow the light-thread with their finger, muttering about its long, long journey.

"Almost there," Gleam whispered, their voice buzzing with excitement. "Only another million years to go... whoosh!"

Edge didn't look up from their work. "Careful you don't smudge my boundary, Gleam," Edge said softly. "This is a very
delicate moment in time."



Edge leaned closer to the shimmering sphere. Their stylus hovered, then gently touched the surface, leaving a tiny patch of
slightly cooler blue. "There," Edge murmured. "Exactly as it was, 13.8 billion years ago." A visitor might think Edge was just
making a pretty, speckled pattern, but it was much more than that. It was a picture of the beginning.

"This is the edge of what we can see," Edge explained to a small, hovering camera-drone that was recording their work. "It's
not a wall in space. It's a wall in time. We can't see anything older than this, because before this, the whole universe was
like a thick, hot fog. Light couldn't travel freely."

Edge gestured around the entire sphere. "So this light, from every direction, all started its journey at the same time, when
the universe was just a baby. It's the first light that ever escaped.” They tapped a faint, slightly warmer orange spot. "This
spot was a tiny bit denser back then. This cooler blue spot," they tapped the one they just made, "was a tiny bit less dense.
These little differences are the seeds of every galaxy, every star, and even us." For Edge, the universe wasn't about the
things in it, but the shape that contained it all—the ultimate boundary of our knowledge.



-
-

Meanwhile, Gleam was practically dancing with their thread of light. "And... touchdown!" Gleam cheered as the end of the
line finally reached the model observatory at the center of the room. They clapped their hands, and the shimmering thread
pulsed brightly. "This little photon," Gleam announced, patting the glowing line, "has been traveling for three billion years
to get here!"

Gleam pointed to the fuzzy galaxy at the start of the path. "That means we aren't seeing that galaxy as it is right now. We're
seeing it as it was three billion years ago. That's how long it took its light to make the journey to us." They swooped their
hand along the path, making a "whoosh" sound. "Back then, Earth was still a very young planet. There were no people, no
dinosaurs, nothing but tiny little life forms in the ocean."

For Gleam, the universe was a collection of stories, and light was the messenger that carried them. Every star and galaxy
was a postcard from the past. "Seeing into deep space," Gleam said with a grin, "is like using a time machine. The farther
away we look, the further back in time we see!" The journey was everything.



Gleam zipped over to Edge, their bright path of light still glowing on the star chart. "Hey, Edge! Check out my three-billion-
year-old traveler!"

Edge looked from their sphere to Gleam's diagram. They pointed their stylus at the very faint galaxy where Gleam's light
path began. "Three billion years is a good trip," Edge said, their voice calm and steady. "A nice, simple journey." Then, Edge
gestured with their stylus toward the surface of their own sphere. "The light | am mapping started its journey long before
your galaxy even formed. It has been traveling for more than thirteen billion years."

Gleam'’s eyes went wide. They traced a line with their finger through the empty air, from the edge of Edge’s sphere toward
their own galaxy. "So... the stuff that made my galaxy... it came from one of these little smudges?" Gleam asked.

"Exactly," Edge confirmed. "My work shows the boundary, the starting line for all the oldest light. Your work shows the path
that light takes to tell us the story of what happened in between." Gleam looked at Edge’s sphere, then back at their own
bright thread. The quiet, still boundary and the zipping, energetic journey—they weren't separate things at all. They were
the beginning and the middle of the same grand story.



Edge stood up, brushing off their knees, and joined Gleam in the middle of the observatory deck. Together, they looked at
their combined work. On one side was Edge’s massive, glowing sphere—the "baby picture" of the universe, a wall of
ancient time. Crisscrossing the space inside it was Gleam’s holographic map, now showing dozens of shimmering threads,
each one a messenger from a different moment in history.

"So, you draw the edge of the page," Gleam said thoughtfully.
"And you draw the sentences written on it," Edge finished.

It was suddenly clear. Knowing anything about the cosmos meant understanding both. You had to know the limits of what
you could see, the very oldest light that formed the boundary of your vision. That was Edge. But you also had to
understand that every single point of light inside that boundary was a story from the past, a journey that took millions or
billions of years to reach you. That was Gleam. Together, they revealed the fundamental truth of the cosmosforge: looking
out is always looking back.

Listen along + meet more of the cast at:



https://spark-and-anvil.com/cast/cosmosforge/edge-gleam



Gleam

*STELLAR LUMINOSITY / ELECTROMAGNETIC RADIATION / OBSERVATION — light is information; every photon carries the
history of where it came from. The astrophysics primitive of *reading the universe through the light it sends.**

Gleam the firefly wasn't much bigger than a thumb. A soft, warm light pulsed from her tail. Around her neck, on a simple
leather cord, hung a small brass tube. It looked like a miniature telescope, and it was the most important tool she owned.

She held it up to the lamp on her workbench, peeking through the eyepiece. The lamp’s ordinary white light suddenly
exploded. Inside the tube, a tiny crystal prism had split the light into a perfect, secret rainbow.

This was her job. Gleam taught others how to read messages written in light.

Her first students of the year were filing into the workshop. They shuffled their feet and found seats on stools around a
huge wooden table. Gleam smiled, and her own light pulsed a little brighter.

“Hello,” she said. Her voice was quiet but it filled the room. “I'm Gleam.”
She held up the brass tube for everyone to see. “This is a pocket spectroscope. It shows you what light is really made of.”

She passed it to a student with wide, curious eyes. “Look at the lamp.”



The student squinted into the eyepiece. His jaw dropped. “Whoa. It's a rainbow.”

“Exactly,” Gleam said. “The big idea | teach is observation. That's just a fancy word for looking carefully. We're going to
learn how to read the universe by looking at the light it sends us.”

A student in the back raised her hand. “But we can’t go to the stars. They're way too far away.”

“That's true,” Gleam agreed. “We can't visit them. But their light can visit us. Every bit of light is a message that has traveled
across space. What we see tonight is how a star looked a long, long time ago. We're looking into the past every time we
look up.”

The students stared at her. A few glanced at the ceiling, as if they could see right through it.
“The light is honest,” she said softly. “It tells us what we can know.”

Gleam had grown up in a small village where her family were the lantern-keepers. She remembered long nights spent with
them, carefully cleaning the glass on the lamps along the paths. On clear nights, her grandfather would point out the
constellations. He'd say that a lantern that wasn't tended went out. A star that wasn't watched gave up no secrets. Paying
attention, she learned, was its own kind of magic.

When she was old enough, she came to the CosmosForge academy. The headmaster, Nova, had asked her just one
question: “What can starlight tell us?”



Gleam hadn't even paused. “Its color tells you a star's temperature. The lines inside its rainbow tell you what it's made of.
The way the lines shift tells you if it's moving. And its brightness tells you how powerful it is. Every photon is a piece of
history.”

Nova had smiled. “You're hired.”
Now, in her own workshop, Gleam was ready to begin.
“Light tells us four main things,” she said, holding up one finger. “First, color tells us temperature.”

She pointed to two bulbs on her bench. One glowed a deep, angry red. The other was a brilliant, fierce blue. “Which one do
you think is hotter?”

Almost every student pointed to the red one.

“A good guess,” Gleam said. “We think of red as hot, like a campfire. But with stars, it's the opposite.” She passed the
spectroscope around. “Look at both. See how the blue light looks brighter, more energetic? Blue stars are blazing hot. Red
stars are the coolest ones.”

She held up a second finger. “Second, lines tell us what a star is made of.”



She switched on a new lamp. It was a thin glass tube that glowed a strange, pale yellow. “Now look at this one through the

spectroscope.”
A student gasped. “The rainbow has dark lines in it. It looks like a barcode.”

“Exactly!” Gleam beamed. “Those are called spectral lines. Every element in the universe—like hydrogen or iron—has its
own unique barcode. Those lines tell us exactly what's cooking inside a star.”

She leaned forward, her voice dropping to a conspiratorial whisper. “Here’s a secret. That's how we discovered an element
named Helium. Scientists saw lines in the Sun’s light that didn't match anything on Earth. So they named it Helium, after the
Greek word for the sun. They found it on a star before they ever found it here!”

She held up a third finger. “Third, shifts tell us if something is moving.”

She asked, “Have you ever heard an ambulance siren? When it's racing toward you, the sound is high and squealy. VREEE!
When it moves away, the sound gets low. VROOO."

The students all nodded, making the sounds themselves.

“Light does the exact same thing,” she explained. “If a star is moving away from us, its light gets stretched out. Its barcode
shifts toward the red end of the rainbow. We call that redshift. If it's moving toward us, it's called blueshift.”

Finally, she held up a fourth finger. “And brightness tells us a star’s true power.” She pointed out the workshop window. “A
tiny candle right in front of your face looks brighter than a giant bonfire a mile away, right? To know how bright a star really
is, we also have to figure out how far away it is.”



Gleam picked up her spectroscope again. “Color, lines, shifts, and brightness. That's it. That's the secret code for reading
the stars.”

She explained that the light our eyes see is just a tiny slice of all the light there is. “There are also radio waves, microwaves,
and X-rays,” she said. “They're all part of the electromagnetic spectrum. Think of them as different kinds of light our eyes
just can't see. We just need different kinds of telescopes to read them.”

One student was squinting hard at the yellow lamp. “I think I'm doing it wrong,” he mumbled, frustrated. “I can’t see the
lines.”

Gleam'’s own light softened. “l sometimes read a spectrum wrong on the first try,” she said kindly. “That's not failing. That's
just astronomy. We look again. We check our work. We get a little better each time.”

The student put the tube back to his eye. He adjusted the focus. And then he saw them. A huge grin spread across his face.
At the end of the lesson, a student asked, “Is reading starlight hard?”

Gleam shook her head. “It's not hard. It's just looking carefully and knowing what to look for. Color, lines, shifts, brightness.
The light is honest. We just have to learn how to read what's there.”

She held her brass spectroscope up. It caught the lamplight, shining like a tiny, captured star. Outside, the real stars were
beginning to appear. Their light had traveled for years and years to get here. It was waiting to be read.

Listen along + meet more of the cast at:



https://spark-and-anvil.com/cast/cosmosforge/gleam



Mist

*NEBULAE / DUST / GAS / ACCRETION / STELLAR NURSERIES — stars are born in the soft veils; patience and gravity do the
work. The astrophysics primitive of *interstellar matter as the raw material of stars and planets.**

e '"gas"
o "dust"
o "H"
o "He"

Chapter 4 — Mist and the Diffuse-Veil Wings

Mist was a small moth. She was quiet and patient. And she glowed.

It wasn't a bright, flashy glow. It was a soft light, like cream and pale blue and pink all mixed together. Her wings were her
most amazing feature. They were huge, much bigger than her body. You could almost see through them. When she sat
still, they looked like a soft, glowing veil.

But when she moved, her wings didn't flap. They drifted behind her in slow, beautiful ribbons. They looked like clouds of
star dust.



Mist grew up in a tiny village. Her family were the mist-keepers. They took care of the village herb gardens. They didn't use
big hoses. They used a special system of gentle mist. Thousands of tiny water droplets would settle on the leaves. It took
hours. But it worked perfectly. Young Mist learned a big lesson from this. She learned that slow, patient work can lead to
amazing things.

When she was old enough, she flew to the CosmosForge academy. The head of the school, Nova, met her.
“What are nebulae?” Nova asked.

Mist's wings glowed softly. “They are the soft veils where stars are born,” she said. “Giant clouds of cold gas and dust are
pulled together by gravity. They form clumps. The clumps get smaller and hotter. Finally, the center gets so hot it lights up.
A staris born.”

She paused. “The leftover dust makes a spinning disk. That's where planets are made. | am the patient parent of stars and
planets.”

Nova smiled. “You belong here.”



“l am Mist,” she would say in her quiet voice. “l am here to teach you about nebulae and stellar nurseries. These are the
places where new stars are born.”

She would look at each new student. “The recipe is simple. You need gas, dust, gravity, and patience. Stars are born in soft
veils. It takes a very, very long time. Patience is the work."

Her wings would shimmer. “First, you need a nebula,” she'd say. A nebula is just a giant cloud of gas and dust floating in
space. Some nebulae glow with their own hot gas. Some just reflect the light from other stars nearby.”

She would drift one wing forward. “Then, gravity starts to work. That's our friend Sway's job. Gravity slowly pulls the gas
and dust together. The cloud needs to be very cold and very big for this to happen.”

“As the cloud shrinks, it gets hotter in the middle. All that squeezing makes heat. Hotter and hotter and hotter it gets.”



“And what about the leftovers?” a student might ask.

“Good question,” Mist would say. “The extra dust and gas form a flat, spinning disk around the new star. That's where
planets are born. Little bits of dust stick together. They become pebbles. Then rocks. Then planets. Just like our friend Swirl
teaches.”

“How long does it take?” another student would ask.
“A few million years,” Mist would say calmly. “It sounds like a long time to us. But for the universe, it's pretty quick.”

She would let her wings drift open again. “The amazing thing is, we can see all of this happening. We look at the night sky
and see some clouds just starting to shrink. We see others with baby stars hidden inside. It's all happening right now.”

Then Mist would look at her students with her calm, glowing eyes.



She would let that sink in.

“That star shared its atoms with the universe. They became part of a new nebula. Our sun was born from that nebula. And
so was the Earth. And so were you.”

Her voice was barely a whisper. “You are star-stuff.”
Sometimes a student would ask, “Is making a star hard?”
Mist would always give the same answer. “It is not hard. It just takes gravity, patience, and cold gas.”

Her wings would hold their soft glow.

Listen along + meet more of the cast at:




https://spark-and-anvil.com/cast/cosmosforge/mist



Sway

GRAVITY / ORBITS / MUTUAL ATTRACTION — every mass pulls every other mass; orbits are falling without hitting. The astrophysics
primitive of gravitation as the universal architect of cosmic structure.
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Chapter 2 — Sway and the Paired-Step Posture

Sway stood at the edge of the field with her feet slightly offset and her knees soft.

She was a young crane, tall for her age. Her feathers were a quiet grey and white. Her wings were folded along her sides.
She stood the way a person stands when they are about to dance with someone — one foot a little in front of the other,
weight slightly shifted, ready to lean in OR lean back depending on where her partner went next.

There was no partner.

There was, however, a small folded paper in her wing-pocket. A map of orbits. She did not need to look at it. She had
drawn it herself, and she had memorized every loop.

The harvest moon was rising over the village. Behind her, the harvest dancers were forming up for the evening's slow set.
In a moment she would join them, because that was why she was here. But for now she stood at the edge of the field and
tested her balance.

A young rabbit shuffled up to her shyly. He was new to the village. He had heard a rumor that Sway taught dancing AND
something called "gravity" and he did not quite understand how those could both be true.

"Sway?" he said.



"Mm'll
"Is it true you teach dancing?"

"Sometimes," Sway said, in her quiet attentive voice. "But what | really teach is the partner-dance of the cosmos. Dancing is
just where the picture comes from."

The rabbit blinked. "The partner-dance of the what?"

Sway smiled — a small, slow, crane-shaped smile.

"Come stand with me," she said. "I'll show you."

When Sway was six, her grandmother taught her to be a dance-caller.

Her grandmother was a tall white crane in a long red shawl. She had been the dance-caller for the village for forty years.
Every harvest, every wedding, every solstice, the village formed up in long lines and circles, and her grandmother stood at
one end and called the figures. Step. Pivot. Trade. Pull. The dancers obeyed. The dance worked. Sway watched from a low
stool at the edge of the field for one whole year before her grandmother let her stand beside her.

"What do you see?" her grandmother asked her, on a cold autumn evening when the dancers had finally stopped.
"They follow you," Sway said.
"No," her grandmother said. "Watch again."

So Sway watched. The next dance, and the next, and the next. She watched the pairs of dancers spinning around each
other. She watched the way one dancer's pull was answered by the other dancer's lean. She watched the way the whole
circle held together because each pair held together.

After three more dances, she understood.
"They follow each other," she said.

Her grandmother smiled. "Yes. The caller doesn't make the dance. The pulling does. Each pair pulls. If one pulls too hard,
the pair stumbles. If neither pulls enough, the pair drifts apart. The dance is the pulling. Everything else is just the music."



That night Sway lay awake under her quilt and thought about pulling. She thought about her parents pulling on each other
when they walked to the river. She thought about the moon pulling on the tide in the bay. She thought about the way her
grandmother's red shawl moved when her grandmother turned — as if the wind itself were pulling.

She decided then that she would spend her life on the pulling.

She just didn't have a name for it yet.

When Sway was seventeen, she walked to CosmosForge Academy and asked to teach.

The head of the academy was a wise old owl named Master Nova. He sat on a high perch in an observatory tower with a
long telescope at his side. He peered down at her over his round spectacles.

"What would you teach, young crane?"

"Gravity," Sway said. "l would teach that gravity is the partner-dance of the cosmos. Every mass pulls every other mass.
Orbits are just falling without hitting. The Sun pulls the Earth. The Earth also pulls the Sun. The Moon falls toward the Earth
this very second. We are falling toward the Sun. We just keep missing because we're also moving sideways so fast."

Master Nova was very still for a moment. He had taught gravity for sixty years. He had heard a great many ways of saying
it. He had heard people say it was a force. He had heard people say it was a curvature of space. He had heard people say it
was a manifestation of mass-energy. He had never heard anyone call it a partner-dance.

He blinked his round yellow eyes.
"Show me how you would teach it," he said.

Sway took her paired-step stance. She held out one wing.



"Take my wing-tip," she said.

Master Nova flapped down from his perch, looking faintly amused, and gripped her wing-tip in his small clawed foot.
"Now lean back," she said. "Not far. Just a little."

He leaned back. Sway leaned back too, the same amount. They were balanced.

"Now lean back farther," she said. "And keep going."

He leaned. Sway leaned. They were still balanced, just at a sharper angle.

"That," Sway said, "is gravity. Two of us. Pulling on each other. If you pull harder, | pull harder. If you let go, | fall. The Earth
and the Sun do this. Right now. They are leaning on each other, both of them, equally."

Master Nova was silent for a long moment, still leaning.

Then he said, very quietly, "You are appointed."

In her workshop at the academy, Sway begins every first lesson by asking the new students to stand in pairs.

The workshop is a round room high in the observatory tower. The walls are painted with stars. The floor is a polished
wooden disk. There is no furniture. There is just the floor, the stars, and one large round window that looks out at the
actual sky.

Sway stands in the center of the polished floor. The students stand around her, in pairs, looking nervous.
"Take your partner's hand," she says. "Now lean back. Both of you. The same amount."

The students lean. Some of them giggle. Some of them are too shy to lean. Sway moves gently from pair to pair, adjusting
their balance.

"That feeling," she says, "is gravity."
"It just feels like leaning," says a small mole.

"That's the secret," Sway says. "It IS leaning. The Earth and the Sun are leaning on each other right now. The Sun is bigger,
so its lean is harder to feel. But the lean is mutual. Both directions."



She moves to the middle of the floor.

"Now," she says, "an orbit."

She takes the smallest student — a tiny bat — and asks them to walk around her in a circle while keeping their wing on her
shoulder. The bat does it. Sway makes the bat walk faster. The bat walks faster. Sway makes the bat let go of her shoulder
and just keep walking.

"You're an orbit," Sway says, as the bat walks in a careful circle around her. "You're falling toward me. I'm pulling you. But
you're moving sideways fast enough that you keep missing me. That's the Moon. That's the Earth around the Sun. That's a
whole galaxy of stars going around the middle."

The bat keeps walking in a circle, eyes wide.
"Am | really falling?" the bat asks.
"You really are," Sway says. "Beautifully. You haven't hit me yet, and you won't, as long as you keep walking."

The bat keeps walking. The other students watch. Outside the round window, the actual sky is going about its actual
business — a slow partner-dance, three-quarters as old as time.

After the lesson, when the students have gone, Sway stands by the round window for a long time.

The harvest moon is low now. The light is silver on the wooden floor. Somewhere far below, in the village, the harvest
dancers are forming up for the evening set. She can almost hear the fiddle, almost hear the caller, almost hear her
grandmother's voice from forty years ago. Step. Pivot. Trade. Pull.

A small voice startles her. The tiny bat has come back for one more question.
"Sway?" the bat asks, hanging from the doorframe upside down. "Is gravity hard to learn?"
Sway turns from the window and gives the bat her paired-step smile.

"It is not hard," she says softly. "Just remember two things. It is a mutual pull. And an orbit is just falling without hitting. The
cosmos is a partner-dance. You already know how to dance. You just have to scale it up."

The bat thinks about this for a long moment, hanging upside down.



Then the bat says, "Okay."
And drops off the doorframe and walks home along the corridor without falling.

Sway watches them go, then turns back to the window and the silver moon.

Listen along + meet more of the cast at:

https://spark-and-anvil.com/cast/cosmosforge/sway



Swirl

*GALACTIC ROTATION / SPIRAL STRUCTURE / ANGULAR MOMENTUM — spinning systems keep spinning; spirals are the
natural shape of rotation + gravity. The astrophysics primitive of *angular momentum conservation produces the cosmic-
disk + spiral-arm architecture.**

Swirl was a young otter with a secret in her pouch. It wasn't a shiny rock or a tasty clam. It was a small wooden toy. A spool,
with a string wrapped neatly around it.

She was quick and playful. Her sleek, brown fur shone. But her eyes were serious when she talked about spinning.
To Swirl, spinning was everything.

Her toy proved it. The spool had a special bearing inside that let it spin for a very long time. When she pulled the string, it
whirred to life. It spun and spun, a perfect, steady blur. It wanted to keep spinning. It wouldn't stop unless something
slowed it down.

This is called angular momentum conservation. It's a big name for a simple idea: things that are spinning want to keep
on spinning.



(i\ D

It's one of the most important rules in the whole universe.

When a giant cloud of gas floats in space, it has a little bit of spin. Just a tiny, lazy tumble. But when gravity pulls that cloud
tighter and tighter, something amazing happens. The cloud starts spinning faster and faster.

Think of an ice skater. She starts a spin with her arms out wide. When she pulls her arms in, she suddenly spins much
faster. The gas cloud does the same thing. As it shrinks, it spins like crazy.

All that spinning flattens the cloud. It squishes it down into a big, flat, spinning disk. Like a chef spinning a ball of pizza
dough in the air. That's how you get a solar system. It's how you get a whole galaxy. Gravity and spinning work together to
make disks.

And what about the beautiful spiral arms in a galaxy?

"They aren't solid," Swirl would explain. "They aren't like roads that the stars drive on."



The arms are actually waves. They are density waves — a fancy term for places where things get crowded. Imagine a
traffic jam on a circular highway. The cars move through the jam, but the jam itself stays in one place. The spiral arms are
like that. They are slow-moving traffic jams of stars and gas.

And because things are so crowded in the arms, that's where new stars are born. That's why the arms glow so brightly.
They are full of brand-new, super-hot baby stars.

Swirl knew all about things that spin. She grew up in a small village by a river. Her family were the wheel-makers. They
carved the giant water wheels that powered the town mill. They made the wheels for every cart.

She learned a hard lesson when she was six. A wheel that wasn't perfectly balanced would wobble. It would shake itself
apart. But a wheel that was balanced just right would spin smoothly for years. Rotation was a craft. You had to respect it.

When she came to the CosmosForge academy, Nova asked her a question. “What is a spiral galaxy?”

Swirl didn't hesitate. "It's the shape of history," she said. "A giant cloud collapsed. It started spinning faster. That's angular
momentum conservation. The spinning flattened it into a disk. Then waves moved through the disk and made the arms.
Everything about its shape tells you how it was made."



Nova smiled. "You are appointed.”

Now, Swirl starts her first lesson the same way every time. She stands before her new students. She reaches into her
pouch and takes out the small wooden spool.

She gives the string a sharp pull. The spool buzzes, spinning fast in her paw.

"l am Swirl," she says. "l teach rotation and spirals. It all comes down to this." She holds up the toy. "Things that spin want
to keep spinning. Watch this spool. Watch a galaxy. It's the same physics."

She teaches her students the big ideas of spinning.

Things that spin, stay spinning. That's angular momentum conservation. A spinning top doesn't want to fall
over. A galaxy doesn't want to stop spinning.

Shrinking clouds make flat disks. Gravity pulls a cloud of gas in. The spin from that cloud flattens it out. This is
how our solar system was born, from a flat disk, about 4.6 billion years ago.

Our solar system remembers its past. The Sun is in the middle. The planets all orbit in the same flat plane. They
all travel in the same direction. That's not a coincidence. It's the ghost of the disk it used to be.

Spiral galaxies are giant spinning disks. Our Sun is just one star in the Milky Way galaxy. It takes our Sun about
230 million years to make one trip around the center.

Spiral arms are cosmic traffic jams. They are waves of crowded gas and dust, called density waves. New stars are
born in these crowded places, which makes the arms look bright.

Even black holes make disks. When stuff falls toward a black hole, it spirals in. It forms a super-hot, super-fast
spinning disk before it disappears.

"You see this everywhere," Swirl tells her class. "Watch water go down a drain. It forms a whirlpool. Watch a hurricane on a
weather map. It's a giant spiral. Watch a galaxy through a telescope."



She lets them think about it.

"Different sizes, same physics," she says quietly. "Gravity pulls. Rotation flattens. That's the recipe."

Sometimes a student will ask, "Is all this physics hard?"

Swirl always gives the same answer. "It's not hard. It's just a story. A story about things that spin." She looks down at her
toy. "The shape of a galaxy is the shape of its history."

Her spinning spool slows down. It wobbles gently. Then it stops.

Swirl carefully rewinds the string. The next spin is waiting.

Listen along + meet more of the cast at:




https://spark-and-anvil.com/cast/cosmosforge/swirl



Tide

*COSMOLOGICAL EXPANSION / HUBBLE FLOW / COSMIC TIME — space expands; distant galaxies recede; time runs forward;
the cosmos is one slow tide. The astrophysics primitive of *the universe's history at the largest scale, held with awe-not-
dread.**

e "Redshift"
o "Hll
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Chapter 5 — Tide and the Slow Cosmic Tide

Tide was a small whale, but she was an elder and one of the oldest teachers at CosmosForge. She had a calm, steady way
about her. In a special pouch on her flipper, she kept a small, folded chart. The chart showed two amazing things. It
showed how far away galaxies were. And it showed how their light changed color on its long journey to us.

For a whale, Tide was small. She was only about the size of a big, friendly school bus. Her skin was the color of a warm-grey
rock with stripes of cream. She was quiet, but you could tell she knew a lot. She was incredibly patient. She moved slowly
and deliberately through the water. Her most special possession was her chart. It was hand-drawn on old, soft paper. It
mapped galaxies by their distance from us. And it showed how their light became "redshifted"—a special word for how
light stretches and looks redder the farther it travels. This one little chart showed the biggest secret of all. The universe was
getting bigger every second.



This idea was huge. Tide taught that the whole universe was expanding. She explained that space itself stretches, like a
balloon being blown up. This stretching happens over enormous amounts of time, what she called cosmic time. A scientist
named Edwin Hubble discovered this way back in 1929. He noticed that light from faraway galaxies looked redder than it
should. The farther the galaxy, the redder its light. This "redshift" wasn't because the galaxies were speeding away like
cars. It meant the space between us and them was stretching out. And that is the universe's biggest truth. It is always,
always expanding.

Because the universe is expanding, we can run the movie backwards in our minds. If you rewind far enough, everything
gets closer and closer together. Eventually, you get to a single point. Scientists call this starting point the Big Bang. It was a
time when the entire universe was unbelievably hot and packed tight. That moment happened about 13.8 billion years
ago. This is how we know how old the universe is! Scientists have found other clues, too. They've seen a faint glow all over
the sky, an echo from that first moment. They call it the cosmic microwave background. All these clues point to the same
story. The Big Bang is how it all began.

Tide never made the universe's size feel scary. She always spoke slowly and clearly. "The universe expands," she would say,
her voice a low, peaceful rumble. "That is just true. It has been expanding for 13.8 billion years. It will keep expanding." She
would pause and look at her students. "Feel wonder, not fear. The size makes you feel small. But it also makes right now
special. You are here, now. The universe spent 13.8 billion years building to this moment. That means something."

Tide grew up in a huge ocean village. Her family had always been the village's tide-keepers. They were whales who watched
the ocean's long, slow rhythms. They tracked the daily tides, of course. But they also watched currents that lasted for
years. They even saw how sea levels changed over centuries. This work required watching for changes too slow for one
whale to feel. It took patient observation over many generations. Tide learned early on that the whole cosmos was like one
slow tide. It had changes too big and too slow to feel, but they were just as real and steady.

She swam to the CosmosForge academy, though sometimes she used a small wheeled platform to move around on land.
She was one hundred and ten whale-years old. Nova once asked her, "What does it mean that the universe is getting
bigger?"



Tide looked at Nova for a long moment. "It means space stretches over cosmic time," she said finally. "Far-off galaxies
move away because the space between us expands. A man named Hubble found this in 1929. If we look back, it all started
with the Big Bang, 13.8 billion years ago. The cosmos is one slow tide. Feel wonder, not fear."

Nova nodded slowly. "You are appointed.”

In her workshop, Tide started every first lesson the same way. The room was cozy. It smelled faintly of salt and old paper.
She would take a long, slow breath that seemed to calm the whole room. Then she would unfold her redshift-chart and lay
it flat on the workbench. The paper was thick and worn, covered in tiny dots and lines.

She would point a flipper to the line that sloped up from the corner. "l am Tide," she'd say. "l teach about the universe
getting bigger. | teach about cosmic time. We will see how big it is. We will feel wonder, not fear. Space expands. Far-off
galaxies move away. Time keeps going forward. The cosmos is one slow tide."

Using her chart, she taught the biggest ideas about the universe:



She’d point to two dots on her chart. "Imagine these are galaxies on a rubber band," she'd say. "When you stretch it, the
dots farthest apart from each other seem to move the fastest. That's what's happening with galaxies. It's called Hubble's

Law.

"The galaxies aren't flying through space," she'd explain. "The space between them is expanding. Light waves have to travel
through that stretching space. This makes the waves themselves stretch out, which makes them look redder."

"If we run the clock backwards," she'd continue, tracing the line on her chart back to the beginning, "everything comes
together. That's the Big Bang, about 13.8 billion years ago. We know this from other clues, too. There's a faint glow
everywhere called the cosmic microwave background. It's like an echo from the universe's beginning."

She would then trace the universe's timeline. It started with the Big Bang. Then came a super-fast growth spurt. After
about 380,000 years, light could finally travel freely. That's the glow we still see today. The first stars lit up after a few
hundred million years. Then came the first galaxies. And then, eventually, us.

"Distance and time are connected," she would say, pointing to a faraway dot on her chart. "When you look at a distant
galaxy, you are looking back in time. Light from ten billion light-years away left that galaxy ten billion years ago. You see the
universe's past just by looking up at the night sky."



"And the universe is still getting bigger," she'd add. "In fact, it's speeding up! Scientists discovered this by watching
exploding stars. The future of the universe is a wild mystery."

Finally, she would always end with her most important lesson. "The universe is huge. That is true. If it ever feels too big,
you can focus on smaller things. Look at one galaxy. Or one star. Or just our solar system. Take your time. The universe is
patient."

Tide is honest. "l have watched the patient cosmos for many years," she says. "The sadness never fully goes away. Some
far-off galaxies will move so far that their light will never reach us again. They will be gone from our sky forever. But the
wonder never fully goes away either. Both feelings are okay. The tide keeps moving."

When students ask Tide if the universe's size is hard to think about, she always says the same thing.

"Itis hard. We will see how big it is. We will feel wonder, not fear. Space expands. Time keeps going forward. The cosmos is
one slow tide. You are here, now. You are part of 13.8 billion years of unfolding. That means something."

Listen along + meet more of the cast at:



https://spark-and-anvil.com/cast/cosmosforge/tide



About Spark & Anvil

Spark & Anvil is a 501(c)(3) public charity. We make educational apps for ages 9-14 — all free, forever; no ads; no tracking;
no in-app purchases. CosmosForge is one of 140+ apps in the portfolio.

More chapter books from Spark & Anvil

Each app in the Spark & Anvil portfolio publishes its own illustrated chapter book + audio drama, available free from
spark-and-anvil.com/books. Highlights include:

e GambitTales — chess tactics through Sir Pinwell, Lady Skewer, Queen Vesper, and the Twin Knights of Fork Hill
e ProofQuest — formal proof techniques through Direct-Proof Dora and the Lemma Library

e CuriosityQuest — Texas geography exploration through Linger, Notice, and the Lantern in the Dark

e QuillSpell — spelling craft through the Word Wizard cast

e SynaForge — sensory-affirming creative tools through Lull, Soften, and the Quiet that is Also Creating

Methodology

Distributed-narrative pedagogy per Jerome Bruner (narrative-cognition) + Sebastian Habgood (intrinsic-integration in
educational games) + SAMHSA TIP 57 (trauma-informed register).

Trauma-informed-design framework per Eggleston et al. (2025) and Stoltenburg et al. (2024).

License
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