The §cale of the
Universe:

How Big, How Far, How Long Ago

—

e Cosmic sizes and distances defy
everyday human intuition

e Scientific notation and orders of
magnitude are essential tools

e Roadmap: sizes, distances, timescales,
and measurement techniques

e Learn to compare cosmic distances
and build accurate scale models

e Distinguish look-back time from
an object’s current distance



Orders of Magnitude: o
The Language of Cosmic Size

e - Powers of ten and
logarithmic thinking as
tools for spanning atomic
to cosmic scales

e - Aladder of familiar sizes:
atoms to planets to
illustrate exponential jumps

e - Why linear number lines
break down beyond
everyday experience
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LOGARITHMIC SCALE: EACH STEP REPRESENTS A POWER OF TEN JUMP




Inside the Solar System: .
A First Cosmological Laboratory

) Distances measured in
astronomical units (AU) and
light travel time

+ Real spacing: Neptune is
30 AU away, not just ‘far’

(4 ) Planet sizes vary wildly:
~ Jupiter is 11 times wider
than Earth

(4 ) Classroom diagrams rarely
~ hold true to both size
and distance




Light Travel Time
and Look-Back Time

e Light travel time measures distance, not a time machine.
e We see distant objects as they were in the past.
e A light-year: how far light travels in one year.

e Solar system distances are light-minutes to light-hours. |

e Distant galaxies are seen as they were billions of years ago. =~ =~ = i , |




The Milky Way: Our Galactic Neighborhood
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® Scale jumps from nearby
stars to the vast galactic disk

® (Contains an estimated
100-400 billion stars

® D25 isophotal diameter: ke
about 87,400 light-years e

® The Sun lies roughly
27,000 light-years
from the center

® Solar system completes one
galactic orbit in about
212 million years




. The Local Group and Andromeda
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* Andromeda is about 2.5 million
light-years from Earth

_ MILKY WAY ~ ANDROMEDA

* [tis the nearest major galaxy to
the Milky Way

* Andromeda has roughly 1 trillion
stars; the Milky Way has about
100-400 billion

* Andromeda appears larger:
about 152,000 light-years across

* The Milky Way and Andromeda
are approaching at about
110 km/s

* A future merger may occur in - e
roughly 4 billion years —
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Galaxies, Clusters,
and the Cosmic Web

-

® (Galaxies are building blocks of
larger cosmic structures

® (lusters group dozens to
thousands of galaxies by gravity

® Superclusters form from
connected clusters and filaments

® The cosmic web links filaments,
walls, and vast voids

® \elocity-field mapping reveals
basins of attraction and flows
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Superclusters
and Laniakea

e [aniakea: our home supercluster,
millions of light-years across

e Defined by galaxy flows toward
a common gravitational basin

e Contains the Great Attractor
at its core

¢ New surveys refine boundaries,
shapes, and hidden structures

e Observed superclusters can
exceed model expectations in size




-y 3
The Observable Universe and Its Horizon

¢ Comoving distance is
current separation after
expansion.

* Light travel distance is
photon journey time times
light speed.

e Current observable diameter:
about 93 billion light-years.

 Particle horizon bounds
signals reachable since
the Big Bang.

e Horizon is not a physical
edge but a causal limit.
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Cosmic Time:
From the Big Bang to Today
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® - Universe's age is 13.8 billion years (Planck 2018 estimate)

® - Inflation occurred within a fraction of a second after the Big Bang
® - Cosmic microwave background formed around 380,000 years after the Big Bang
® - First stars ignited roughly 200-400 million years later

® - Expansion links redshift, distance, and cosmic history



Measuring the Unmeasurable:

Techniques and Evidence

f REDSHIFT
SUPERNOVAE |
STANDARD CANDLES : . Expanding Universe
PARALLAX Cepheids / TRGB Further Galaxies
Nearby Stars P

COSMIC FRONTIER
Distant Universe
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<— NEAR COSMIC DISTANCE LADDER
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Parallax anchors distances to nearby stars geometrically
Standard candles calibrate progressively farther rungs
Redshift maps expansion beyond individual distance limits
The cosmic distance ladder links these overlapping methods

Cross-checks among Cepheids, TRGB, and SNe la reveal systematics
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The Hubble Tension: Precision Meets Uncertainty:
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Local distance ladder: Local distance ladder Early-Universe (Planck)
Ho = 73.3 £ 0.9 km/s/Mpc : l
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e Early-Universe (Planck):
Ho = 67.4 km/s/Mpc in ACDM

e Tension persists at
more than 50
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e Cepheid, TRGB, and
supernova systematics
under intense review

e JWST cross-checks HST
photometry; no crowding
bias found




Grounding Scale:
Activities and Tools
for Learners

o

- Use NASA data for
accurate planet size
comparisons.

- Scale models must
separate size from
distance.

- Light-travel analogies
bridge distance and time.

- Avoid linear number
lines for cosmic ranges.

BHDHOE®

- Check for center-of-
Universe misconceptions.




Misconceptions and Cognitive Traps

—_— =

* Light travel time is a
look-back distance, not CLASSDI;ZLOBELEEGRAM
current distance

* The Universe's 93-billion-
light-year diameter exceeds
its 13.8-billion-year age

TRUE SCALE

* Proportional diagrams
% distort true scale and

spacing

e Expansion means distant
objects are now farther
than they appear

* The observable Universe
has no physical center

or edge///_’q/
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Connecting the
Scales: A Unified View

e Ladder spans atoms to 8.8x10"2 m
observable Universe

* 13.8 Gyr age and 93 Gly diameter
are linked

¢ Parallax, standard candles, and
redshift cross-check each step

e Cosmic scale requires both distance
and time context

® Teach with models, analogies, and
critical perspective on scale




PersonWise.

PersonWise - Al digital-human course platform

Scan the code or click anywhere to watch this course live, with voice Q&A
personwise.ai/t/bb395f31/public


https://personwise.ai/t/bb395f31/public?entry_surface=public_courseware_pdf

