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ohe CIncas

With a slightly different approach than the other tribes, the Incas liked
to link what they observed on the sky to objects in their daily lives,
such as animals, rivers and other representations. They assigned each
observed object to a meaning and purpose, also grouping the stars in
constellations, based on their proximity and the objects they represent.
There were two types of constellations for the Incas: the “light”
constellations, corresponded to “connect-the-dots" groups of stars that
formed images representing objects, animals, gods and heroes of their
culture. And the “dark” constellations were the dark spots on the Milky
Way seen as living animals in creatures that inhabited the Milky Way
“river”. Grouping the stars into constellations was one of the most
important activities for the Inca, since it determined the meaning of
each star, resonating in their religion and strong beliefs about the
universe. One of the most remarkable details about the Inca culture is
their strong belief in the connectivity of things. They believed
everything in the universe was connected and that the stars and dark
galaxies observed in the skies were linked to the things they
represented on earth. Machu Picchu, the remaining citadel of the Inca
civilization, is presumed to have been constructed to serve both as an
observation site and a place for rituals and ceremonies. Today it is open
for tourism and astronomical observation.

Astronomy is indeed a fascinating field of study and has existed for as
long as humans have been walking on earth. Many ancient civilizations
built knowledge and implemented tools and calendars based on
astronomy, as well as used their observations to predict phenomena
and track the weather for agriculture. The latin american tribes were no
different, they had a rich culture that largely revolved around celestial
objects. The influence astronomy had in their lives impacted how the
study of astronomy was carried on by their descendants, even with all
the damage caused by European colonisation in the early 1500s.

Origure | The Temple of the
Sun at Machu Picchu was
used for astronomical event
observations. © DIANE

COOK and LEN JENSHEL,
Nat Geo Image Collection



Origure | The Mayas made
major discoveries in
astronomy including
informations about the

Venus and the moon.
© University of California,
Santa Barbara

Astronomy is said to be the oldest science of humanity. Since we
started to inhabit in the planet as a species, we have been observing
the sky and trying to understand what celestial objects are, why they
are there and how they move and interact with each other. The
History of astronomy begins a long time ago, in ancient times. At first,
the study of the stars was developed to obtain more accurate means
of calculating dates, generating calendars and following the cycles of
the seasons and harvest periods. Humanity has long been observing
the influence of the sun and the phases of the year on agriculture and
has sought to structure its annual calendar according to climate
changes, correlated with sky observations.

Before the European conquest was brought to Latin America during
the middle ages, ancient tribes inhabited the region, having their own
empires, cultures, religions and methods of science. These tribes were
rich in astronomy knowledge and the study of the skies made a major
part of their life. From defining how they handled agriculture to the
creation of festive calendars and also giving meaning to their religious
beliefs. Between the many tribes that flourished in this region, three

ohe Mavyas

Between AD 200 and AD 900, the Mayas were one of the most
advanced civilizations on the planet. Back then, when they didn’t have
as many tools and technologies as we have, they were still able to
calculate and find astronomical properties that are very close to what
we can measure today. For example, the Mayans calculated that Venus
passes the Earth every 583.935 days and that the lunar cycle lasts
29.53086 days. This is astonishingly close to the more accurate
numbers we have today (around 583.920 days for Venus and 29.54059
days for the lunar cycle). Unfortunately, most of the documents that
explain how the Mayas achieved their calculations were destroyed
during the Spanish conquest. Temples and libraries were completely
burned down during the colonisation process of South America and
the knowledge of how the Mayas managed to attain those results
without using lenses or other instruments are forever lost. Perhaps
their tools were also destroyed during the Spanish invasion and we
will never know.




Oigure | The Aztecs believed
that the world gets destroyed
based on a 52 year cycly and
hence they invented a Sun's
movement based calendar. © K
M Shariat Ullah, Ideogram

ohe Agtecs

The Aztecs, as many other early human civilizations,
associated astronomy with religion and beliefs. They had
their own calendar of 365 days, already based on the
earth’s translation around the sun. Their calendar was
very complex and tried to embrace astronomical
phenomena as a play of different deities that would
determine the fate of humankind, with the sun always
being portrayed at the centre of the universe in their
representations.

All their rituals were based on astronomical observations
and even the location of their cities and the structure of
their building were planned according to their findings
and interpretations of the sky. One of the most surprising
aspects of Aztec culture was their destructive take on
astronomy. They considered the study of the sky as a
way to predict the imminent destruction of the world.
Based on a cycle of 52 years, at the end of each cycle the
world collapses, re-borning again with a new sun. They
believed that every cycle a god sacrificed himself to be
transformed into the sun, saving humanity. Therefore,
human sacrifice was expected in return to please the
sun-god.
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The Big Bang Theory is not really a theory of how the
universe began. It's really a theory of how the universe
evolved
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Most of us may have heard of the dark web, dark world or maybe
anything related to dark; but how many of us have any idea
about dark energy or dark matter? If you put just a little attention
on all the other items mentioned here, there are just the biggest
mysteries peeking around. They are all something more than their
non-dark counterparts, and so is the case for dark energy.

The forms of energy that we are feeling or seeing in everyday life
are all basic forms of energy, where dark energy is something
much deeper than that. In general, dark energy could be
indicated as the energy that is beyond our senses; the energy
that we cannot see or feel. In bookish terms, dark energy is the
name given to the mysterious force that's causing the rate of
expansion of our universe to accelerate over time, rather than to
slow down.

From the very beginning of science, humans have shown much
interest in going beyond their limits. Throughout the
development of science, we have been trying to understand our
universe and possibly beyond. Like - how did all of this happen,
how we came to be, how the universe formed etc. But everything
has its limit and so does the human being. There are many things
in nature that are still far beyond our knowledge. So far we're
only aware of a little part of the universe; most of it is still
unknown or unaccounted for and we named it dark matter & the
associated energy DARK ENERGY.
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Hence, in short, it is still a mystery to us and we humans
tend to have a bit of extra curiosity to know the
unknown. So, we started exploring...

As we searched, we came to know that in our Milky Way
galaxy there are billions of stars arranged in a spiral
pattern radiating out from the center, with illuminated
gas in between. But our eyes can see only a small portion
of it. About 95% of it is still unknown that holds the mass
of our galaxy and does not interact with light; it remains
dark. Thus we named it Dark matter, which has never
been observed and we actually used to believe that it
could never really be done; simply beyond our limit.

Dark matter as a hidden mass in galaxies was first
proposed in the 1930s by Fritz Zwicky. But the idea
remained controversial until the 1960s and 1970s, when
Vera C. Rubin and colleagues confirmed that the motions
of stars around their galactic centers would not follow
the laws of physics if only normal matter were involved.
But now a recent study shows how dark matter affects
our solar system. We used to know that the vital mass of
our Milky way galaxy is dominated by dark matter. The
new study is estimated near the sun and shows two
different analytical models yielding consistent results.
One is a two-step Hernquist model, the other one is the
Navarro-Frenk-White model.

@ M31 Data (Rubin & Ford, 1970)
— Expected Value
— Observed Value

60 80 100 120
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Advisor to NASA'’s Office of the Chief Scientist and co-author of
this study Jim Green said,

We're predicting that lf you get out J”ar enough in the solar system, you

actua[[\z have the opportunity to start measuring the dark matter forcc.
Ohis is the first idea of how to do it and where we would do it.

Let us have a detailed discussion on this- Firstly, we have to
know about the dark matter around us. Gravity helps us to stick
to the surface of earth; we're not flying out from the surface.
And the earth remains in its orbit because of its gravity towards
the sun. But when a spacecraft flies far from the sun, it
constantly starts losing gravity towards the sun, but it feels
another source of gravity. And that’s the most part of the
universe, which is mostly dark matter. Today, the nature of dark
matter is one of the biggest mysteries in all of astrophysics.
Powerful observatories like the Hubble Space Telescope and
the Chandra X-Ray Observatory have helped scientists begin to
understand the influence and distribution of dark matter in the
universe at large.

To understand the influence of dark matter, lead study author
Edward Belbruno calculated the “galactic force,” the overall
gravitational force of normal matter combined with dark
matter. He found that in the solar system, about 45 percent of
this force is from dark matter and 55 percent is from normal, so-
called “baryonic matter”.

Edward Belbruno who is a mathematician and astrophysicist at
Princeton University and Yeshiva University commented, “l was
a bit surprised by the relatively small contribution of the
galactic force due to dark matter felt in our solar system as
compared to the force due to the normal matter.”

Which means dark matter is in the outer part of our galaxy and
far from our solar system.



Now you may ask, how dark matter may influence a spacecraft?
Well, here Belbruno said, “If spacecrafts move through the dark
matter for long enough, their trajectories change, and this is
important to take into consideration for mission planning for
certain future missions.”

According to the new study, both the scientists predict that dark
matter’s gravity ever so slightly interacts with all of the spacecraft
that NASA has sent on paths that lead out of the solar system. If a
spacecraft travels billions of miles, then it would deviate by some
feet (5-6 feet) by the influence of dark matter. As they are so
small, we can't really measure it.

Well, now a new question arrives, At exactly where we would find
galactic force? So basically, we feel gravitational force around the
earth and sun. The farther we go from the sun, the more
gravitational force we lose. And the galactic force becomes
stronger. Belbruno and Green calculated that this transition
happens at around 30,000 astronomical units, or 30,000 times the
distance from the Earth to the Sun. That is well beyond the
distance of Pluto, but still inside the Oort Cloud, a swarm of
millions of comets that surrounds the solar system and extends
out to 100,000 astronomical units.

So here comes the most interesting part, Could dark matter’s
gravity be measured? We don’t need a spacecraft to travel that far
for measurements. It's simply illogical for now. But both the
scientists said, “At a distance of 100 astronomical units, a
spacecraft with the right experiment could help astronomers
measure the influence of dark matter directly.”

Origure | NASA's
Voyager 1 spacecraft
can be used to measure
the influence of dark
matter © NASA/JPL-
Caltech




Hypothetically, a spacecraft equipped with radio
isotope power, a technology that has allowed Pioneer
10 and 11, the Voyagers, and New Horizon to fly very
far from the Sun, may be able to make this
measurement. Such a spacecraft could carry a
reflective ball and drop it at an appropriate distance.
Then the ball would feel only galactic forces, while
the spacecraft would experience a thermal force from
the decaying radioactive element in its power system,
in addition to the galactic forces. Subtracting out the
thermal force, researchers could then look at how the
galactic force relates to deviations in the respective
trajectories of the ball and the spacecraft. Those
deviations would be measured with a laser as the two
objects fly parallel to one another.

It becomes more interesting after knowing that a
mission concept was proposed called Interstellar
Probe, which aims to travel about 500 astronomical
units away from the Sun to explore that uncharted
environment and can potentially complete this type
of experiment. Though it is still beyond our reach, we
believe, one day we are going to make it. There is
hope, because astronomers will learn more about
dark matter in the cosmos with the newest set of
state-of-the-art telescopes.

NASA'’s James Webb
Space Telescope, which
launched Dec. 25, 2021,
will contribute to our
understanding of dark
matter by taking images
and other data of galaxies
and observing their
lensing effects.

Also, The European Space
Agency'’s forthcoming
Euclid mission, which has
a NASA contribution, will
also target dark matter
and dark energy, looking
back in time about 10
billion years to a period
when dark energy began
hastening the universe’s
expansion.

So, yeah, we can have at
least a little 'faith' in
science. There is much
more to see, much more
to learn.
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