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< " ‘How to connect with :
d How apply what we are learning to

our classroom?

How to use this information to help
students learn about cosmology?

How to improve 21st century
education? .
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Research and discussion about
students ideas of cosmology.
el What is the Big Bang? "“\ )
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- They think only stars are ‘ |
moving away. | -

- They draw the expansion like |
an atom.

- They say the expansion
makes an increase of
temperature. .
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http://aer.aas.org/
resource/1/aerscz/
v11/i1/p010104 _s1
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Develop new ideas to help in the
understanding of the expansion
of the universe.
- Independent study of topics.
- Develop a way to
demonstrate some of the
topics.
- Bubble ideas...
- Concepts or layers
- Miss-used topics




Cosmological constant
problem

- FRW metric
- Vacuum energy

Transformation of energy -
- Mechanical energy
- Stretching universe

The problem of the 3
cosmologigal problem ia:

0 orders of
ological constant is 120
:wqmm emaller than naively expected from

|| quantum gravity. i |
| uingm e following equation
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4 Leads to consider H Hubble discovery.
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- coamological problgm_i;a:

The cosmological constant is 120 orders of

magnitude smaller than naively expected from

quantum gravity.

Using the following equation:

Einstein attempted to apply his
new theory about the whole

~ universe.

" He thought the universe was static.

Leads to consider Hubble discovery.

0 =Pv_ 8mGp,
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Develop analogies and demo & lab

Medule

Develap the Expansian of
the Universe Lab acti
~ This activity demanstrats

.h w0 models of the
! “.  expansion of the uiverse
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Develop the Expansion of
the Universe lab activity.
This activity demonstrate
two models of the
expansion of the universe
in two dimension and "
time.




Introduction

According to Sharov, A. S and Novikov, | D. (1989) the New York Times
published in 1924 the announcement that there are other galaxies like ours, confaining
billion of stars based on Hubble recentresearch. Later Hubble found thatthese
galaxies were moving away from us with speeds that were proportional to their distance §
from us. He discovered the relation of

= H'}d

Where v=the receding speed of galaxies or the speed the galaxies are moving away
from us, then d=distance from us to the galaxy and Ho is the Hubble constant. Thisis a

linear relationship between the receding speed and the distance. If you considerthat
v=d/t then the Hubble constantis related to the time. In other words, this means that
the Hubble constantis a way to measure time. Following the relationship between
variables we can develop an activity in which you can measure the Hubble constant

using a rubber band
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" The Balloon Universe

‘The purpose of it is to
explain how expansion of
the universe in a two
dimensional model and
to calculate the

expansion coeficient.
@

Initial position vs final position balloon

.
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Velocity vs initial distance







Relative size of the universe

Now 10
Billions of Years

Course Guting

.

The Tmplications of Hubble's Law: An Expanding Universs
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1Mpc = 3.08 X 10¥%km

1 year = 3.15 %X 107s

Hubble,.. .=
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Hubble,, . = 1.7526 X 10° years

1.75 billion of years or 1.75 G years

3.15 X 107s
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GALAXY EVOLUTION %4

CONTINUES... $6‘{

FIRST STARS

400,000,000 YEARS
AFTER BIG BANG

THE
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- 13,700,000,000 YEARS
\ AFTER BIG BANG
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Cosmic MICROWAVE
BACKGROUND

400,000 YEARS AFTER
BIG BANG

FIRST GALAXIES

1000,000,000 YEARS
AFTER BIG BANG

FORMATION OF

THE SOLAR SYSTEM

8,700,000,000 YEARS
AFTER BIG BANG
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- Gravitational lensing
Supernovae
Cluster of Galaxies
Galaxy distribution .




-'Spaceti_r'ne

" Equations
General Relativity

| 'Weight in space
Expansion




Types of Dark Enerqy
Vacuum energy

~ Zero point energy
Cassimir effect

Quintessence

-Inflation vs steady state
Other
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_Origin vs present
Existence |
Present vs future +

| Type of universes |
Cosmology constants

Simulation
You determine the fate of the Universe by setting the

value of Omega omega and deciding whether or not
to include the Cosmological Constant.

Omega omega is the ratio of inward pull to outward
push in the Universe.
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Concepts that we can develop in our

R classroom
' .~ « General cosmology ¢
. - Origin of the universe .
- Relativity . ¢

- Gravitation
- Composition of the universe
- Dark energy

- Dark Matter
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