Chapter 10
Yottaworld

1 000 000 000 000 000 000 000 000 (1.0 x 1024 ) Y
10.1

Yottaworld Length

1 – 1000 Yottameters (Ym) 1 x 1024 m
Yottameter Lengths
Example
Length Viruses on Earth Laid End-to-End
Length of Single Cell Bacteria Laid End-to-End
First Measured Gravitational Wave Detection Distance
Furthest Observed Single Star (LS1)
Largest Galaxy Filament
Furthest Known Galaxy (GN-z11)
Diameter of the Observable Universe

Length
1 Ym
10 Ym
13 Ym
85 Ym
95 Ym
302 Ym
880 Ym

Table 10.1: Examples of Yottameter Magnitude Distances

The number of viruses on Earth is estimated to be about
1 x 1031 and each virus is about 100 nanometers in length. If
all these viruses were strung together, they would have a length
which is about 1 Yottameter. The length of the Milky Way Galaxy
is about 2 Zettameters, so this length is about 500 times the length
of our galaxy. [1] [2]
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The number of prokaryotes∗ thought to exist on Earth is about
5 x 1030 . Each prokaryote is about 2 µm long (bacteria with cyanobacteria range from 0.5 to 60 µm). When these bacteria are
strung end-to-end, they are around 10 Yottameters in length, or
5 000 times the length of our galaxy. [3]
...
The first direct observation of gravitational waves occurred on
September 14, 2015. The gravitational waveform indicated that a
pair of black holes of about 36 and 29 solar masses spiraled inward
toward one another and merged. This was the first observation of
black holes merging. The distance to the merged black holes is
about 12.7 Ym.
...
Galaxies Yottameters away from our solar system may be categorized as “far away” galaxies. The current candidate for the
furthest galaxy is GN-z11, which is a whopping 302 Yottameters
distant (Figure 10.1). When this is expressed in light years, it is
32 billion light-years, but the universe has only existed for 13.8 billion years. How can this be? The universe itself is expanding, and
because of this the proper distance of GN-z11 is 302 Yottameters,
but the light it produced has traveled only 127 Yottameters. This
is its light travel distance measurement. We see this galaxy as it
was 13.4 billion years in the past, only 400 million years after the
big bang. Galaxy GN-z11 appears to have moved 32 Billion lightyears, or 302 Ym, away from us in only 13.4 billion years. But
that change is faster than the speed of light! Space itself expands
at a rate independent of the speed of light, and so many of the
furthest galaxies are moving away from us faster than the speed
of light. The universe is essentially creating distance between the
Earth and GN-z11 as it expands.†
∗

Prokaryotes are micro-organisms that lack internal membrane enclosed
organelles
†
Light-years are a questionable way to describe astronomical distances.
They depend both on the assumption that light is traveling in a perfect vacuum, and the the definition of the length of a year.
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GN-z11 is only about 4% the size of our Milky Way Galaxy
and has about 1% of its mass.

Figure 10.1: GN-z11 superimposed on an image from the GOODS-North
survey. The galaxy has a abundant number of blindingly bright blue
stars. It looks red in this image because the light from it has been
stretched into possessing longer wavelengths by the expansion of the
universe. (NASA)

The farther away galaxies are from us, the faster they recede.
As the distances from us reach the order of Yottameters, galaxies recede from us at a velocity close to the speed of light. At
this distance, the light they emit is stretched out so much by the
doppler effect we can no longer observe them. This distance is the
observable size of the universe. The diameter of the observable
universe is 870 Yottameters.
The distance at which galaxies are receding from us at the
speed of light is called the cosmic event horizon, beyond this
boundary, galaxies are moving away from us at speeds faster than
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the speed of light. Ninety seven percent of the galaxies we observe
are beyond this boundary, including GN-z11, and it is impossible to reach them. The situation is even more unusual in that
it appears the expansion of space is accelerating. This means
that galaxies we can see today, will cross the edge of the observable boundary of the universe at some point, and vanish from
our view—forever. We will see less-and-less of the universe as we
proceed into the future.
Before the early twentieth century, astronomers had only a
vague idea of how large the universe might be. The first person
to produce an estimate of the extent of the universe was Dutch
astronomer Jacobus Cornelius Kapteyn (1851–1922). In 1906,
Kapteyn coordinated an effort to determine the distribution of
stars within the Galaxy. His would be the first statistical analysis
of stars in the history of astronomy. Over 40 different observatories
cooperated in this endeavor.
Kapteyn concluded we lived within a lens-shaped distribution
of stars. This entity was estimated to be about 218 Exameters in
maximum diameter and about 57 Exameters thick.
The use of stellar parallax to determine the distance of a star
was limited to a resolution well under a Petameter, and was of
little use for determining the dimensions of our galaxy, let alone
revealing the extent of the universe. In that era, it appeared we
resided within this single galaxy, and nothing else existed beyond
it.
The English amateur astronomer John Goodricke (1764–1786)
studied variable stars, and was the first to discover a variable
star which did not vary because of the presence of a second star
eclipsing the first, but one which did so intrinsically. The star is
called Delta Cephei, and is in the constellation of Cepheus. It is
about 8.4 Exameters away, and varies in luminosity over a period
of 5.366341 days. Stars which vary in this way are called Cepheid
variables. Cepheid variables have periods ranging from days to
months.
The North Star (Polaris) is the brightest and closest cepheid
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variable known. It is about 4.1 Exameters from Earth, and has a
luminosity period of about 4 days. Its variation in brightness is
very small, so most non-astronomers don’t realize it changes.
In 1912, American astronomer Henrietta Swan Leavitt (1868–
1921) discovered a number of Cepheid variables in the Small Magellanic Cloud.‡ The Magellanic Clouds are far enough distant,
that from our perspective, the stars within them are all at about
the same distance. This means we can assume if a star appears
twice as bright as another to us, it is actually emitting twice as
much light as its neighbor. Leavitt went on to study thousands of
photographic plates of variable stars within the Magellanic Clouds.
In 1908, she published her work and noted there appeared to
be a correlation between the brightness of some variable stars and
their period. Leavitt continued to study these stars, and determined in 1912, that Cepheid variables with higher luminosity had
longer pulsation periods. Most importantly, this dependence was
stable, predictable, and could be expressed mathematically.
Leavitt’s discovery allowed astronomers to use Cepheids as a
“standard candle” and, in turn, determine the distances of remote
objects too far for stellar parallax to resolve. The Cepheids became oscillating metersticks, allowing astronomers to measure the
universe. The currently accepted radius of The Milky Way Galaxy
is about 1000 Exameters.
It was still unknown if there was anything outside of our Milky
Way Galaxy, or if it defined the extent of our universe. Attention shifted to a small fuzzy luminous patch about half the size
of the full moon, visible to the unaided eye, and located within
the constellation of Andromeda. Edwin Powell Hubble (1889–
1953) answered the question in 1924. He pointed the 2500 mm
Mount Wilson telescope at the Andromeda nebula, and for the
first time, individual stars could be seen within it. Hubble also
located Cepheid Variables within the Andromeda nebula, and de‡

The Large and Small Magellanic clouds were first noted by Europeans
when observed by Ferdinand Magellan’s expedition in 1520. They are seen as
foggy patches of light, and are only visible in the Southern Hemisphere.
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termined it must be about 7 Zettameters away. The universe had
just expanded from Exameters to Zettameters.
Los Angeles was under blackout restrictions during World War II.
This allowed German Astronomer Walter Baade (1893–1960) the
opportunity to resolve stars at the center of the Andromeda Galaxy.
His work demonstrated there are two types of Cepheid variables,
which changed the length of the Cepheid meterstick by about a
factor of three. This increased the size of the known universe to
about 21 Zettameters.
In the early twentieth century, astronomers noted the light in
galaxies appeared to be shifted toward the red end of the spectrum.
Hubble and others interpreted the origin of this shift to be due to
the recession of galaxies. More importantly, Hubble discovered
there is a relationship between the distance a galaxy is from us,
and its red shift. This relationship supported the Big Bang theory
of the universe, and confirmed we are in a constantly expanding
universe.
As noted earlier, the limits of the observable universe are determined by Einstein’s Theory of Relativity. The faster a galaxy
is receding, the more stretched out its light waves become, until
they are no longer observable. The farther away a galaxy is from
us, the faster it is receding. The observable universe is now about
880 Yottameters in extent.
There are areas of the Universe that have features with Yottameter dimensions. In 1978, researchers Stephen Gregory and
Laird A. Thomson discovered cosmic voids. These are vast areas
of the observable Universe with only about one-tenth the typical
value of measured matter density distribution. Lower values of
cosmic microwave background radiation from these regions seem
to correlate with their observed location. In 2004, astronomers discovered a supervoid 17 Yottameters in size, located at a distance
of about 28 Yottameters from us.
Seeing a galaxy at the edge of the observable universe is difficult, but in 2017 a single star was serendipitously observed at
a distance of about 85 Yottameters! The distant star appears to
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Figure 10.2: MACS J1149 Lensed Star 1 – NASA, ESA, and P. Kelly
(University of Minnesota)

be a blue supergiant star, which is larger, far more massive, and
hotter than our Sun. Blue supergiants are stars that are depleting
the last of their hydrogen, and are nearing the end of their stellar
life. As the amount of hydrogen within their core dwindles, they
become very hot, which in turn increases their brightness. Rigel
in the Orion constellation, and Deneb in Cygnus, are both blue
supergiant stars.
At a distance of 85 Yottameters, Lensed Star 1 or LS1 is far
too dim to be seen directly from the Earth, even though blue
supergiants can be over 10 000 times as bright as our Sun. (See
Figure 10.2) The reason we can see LS1, is that a cluster of galaxies
(MACS J1149+2223) is between us and LS1 at a distance of about
47 Ym. The galaxy cluster is about 40 Zettameters across. Rather
than obscuring our ability to see LS1, their combined gravity acted
as a gravitational lens, and increased the brightness of LS1 by
about 600 times. This increase in magnitude in turn allowed the
Hubble Space Telescope to detect LS1.
Interspersed within these cosmic voids are galaxy filaments.
These thread-like patterns are also some of the largest features of
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the known Universe. Galaxy filaments, first noticed in the 1980s,
are generally from 1.5 to 2.5 Yottameters in extent. In 2013, astronomers discovered a filament, known as the Hercules-Corona
Borealis Great Wall, more than 95 Yottameters in length.
A single sheet of 90-gram-per-square-meter A0 paper has a
mass of 90 grams. Its thickness is about 100 micrometers. If it
were possible to fold this sheet of A0 paper 100 times, the thickness
of the folded stack would be 127 Yottameters. Folding the sheet
three more times would make it 1014 Yottameters thick, larger
than the observable universe. Exponential growth can take us
from microworld to Yottaworld with one hundred and three folds
of a sheet of paper.
10.2

Yottaworld Area

1 – 1 000 000 Square Yottameters (Ym2 ) 1 x 1048 m2
The surface area of a sphere equal to the observable universe
is 2 377 870 square Yottameters.
10.3

Yottaworld Volume

1 – 1 000 000 000 Cubic Yottameters (Ym3 ) 1 x 1072 m2
1 – 1000 Yottaliters (YL) 1 x 1024
The volume of the Earth is close to 1 Yottaliter (1.083 YL).
One can readily express the volume of the larger planets in our
solar system in terms of Yottaliters, but the Sun far outstrips any
metric prefix we can use with the liter. Star volumes require the
use of cubic Gigameters. The volume of the Sun is 1.41 Gm3 .
Ym3 • • • Ym3
The total volume of the observable universe is about 345 000
Ym3 .
10.4

Yottaworld Mass

1 – 1000 Yottagrams (Yg) 1 x 1024 g
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Volume of Planets in The Solar System
Planet
Mercury
Mars
Venus
Earth
Neptune
Uranus
Saturn
Jupiter
Sun

Volume
0.06 YL
0.16 YL
0.93 YL
1.1 YL
63 YL
68 YL
827 YL
1 430 YL
1 400 000 YL

Table 10.2: Volume of Planets in The Solar System

When the mass of an astronomical body is about 1 Yottagram,
the mass is considered sufficient for the object’s gravitational field
to pull it into a spherical shape. Thus a Yottagram mass is a good
rule of thumb boundary for the definition of a planet.
The Yottaworld of mass is quickly overwhelmed by astronomical bodies. The total amount of water on Earth is called the
hydrosphere; its mass is 1.4 Yottagrams. The total mass of the
Asteroid Belt is a mere 3 Yottagrams, or around 4 % of the Moon’s
mass. Our Moon’s mass is only about 74 Yottagrams, and is much
smaller than Mercury is at 330 Yg, but both are considerably
larger than Pluto’s mere 13 Yg mass. Mars, at 642 Yottagrams,
begins to approach the final magnifying metric prefix boundary
for mass in the metric system. It is also only about one-tenth the
mass of the Earth. The mass of the Earth passes the official partition of the Yotta prefix with a value of 5972 Yottagrams, as does
Venus with 4868 Yg, but Jupiter explodes the partition requiring two new metric prefixes to encompass its mass. Isaac Asimov
once remarked: “The solar system consists of Jupiter, plus debris.” Jupiter is so massive, that the sun and Jupiter orbit around
a barycenter which is located 46 Megameters outside the surface
of the Sun. It is the only one of the eight planets which has a
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barycenter located outside the surface of the sun.
The values of masses from the Earth’s to that of the Universe
are found in Table 10.3.
List of Yottagram Mass Items
Item
Earth’s Total Water
Asteroid Belt Total Mass
Pluto
Earth’s Crust
Earth’s Moon
Mercury
Mars
Venus
Earth
Uranus
Neptune
Saturn
Jupiter
The Sun
M71
Leo I (Dwarf Galaxy)
Large Magellanic Cloud
Milky Way Galaxy
The Universe

Mass
1.4 Yg
3 Yg
13 Yg
24 Yg
74 Yg
330 Yg
642 Yg
4 868 Yg
5 972 Yg
86 810 Yg
102 413 Yg
568 340 Yg
1 898 600 Yg
1 989 000 000 Yg
30 000 000 000 000 Yg
40 000 000 000 000 000 Yg
20 000 000 000 000 000 000 Yg
316 000 000 000 000 000 000 Yg
500 000 000 000 000 000 000 000 000 000 000 Yg

Table 10.3: Examples with Yottagram Mass

The Sun’s mass is so large it needs about three more metric
prefixes to describe it. The mass of the Sun is so overwhelming, it
accounts for 99.86 percent of the total mass of our Solar System.
The masses of astronomical objects continue upward until we
estimate the mass of the entire Universe to be about 500 x 1054
grams. To express the mass of the Universe using metric prefixes,
we would need to invent ten additional prefixes over and above
what we currently have. This addition of prefixes is untenable, and
would certainly bloat the metric system. It is best for astronomers
to debate the best way to express masses within their community,
For Non-Commercial Use Only
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and not consider an expansion of metric prefixes.
Amount of Mass Converted to Energy In The Sun vs. Time
Time
1 picosecond
1 nanosecond
1 microsecond
1 millisecond
1 second
1 Kilosecond
1 Megasecond
1 Gigasecond
1 Terasecond

1.00 second
16.67 minutes
11.57 days
31.69 years
316.88 centuries

Mass
4.3 grams
4.3 Kilograms
4.3 Megagrams
4.3 Gigagrams
4.3 Teragrams
4.3 Petagrams
4.3 Exagrams
4.3 Zettagrams
4.3 Yottagrams

Table 10.4: Amount of Mass Converted to Energy In The Sun vs. Time

The Sun converts an estimated 4.26 Teragrams of mass into
energy each second. Table 10.4 presents the Sun’s mass loss from
a picosecond to a Terasecond. In a picosecond, 4.3 grams of mass
are converted into energy. Light radiating away from the Sun’s
surface travels a distance of only 300 micrometers in a picosecond.
By the time a full second has elapsed, the total amount of mass
converted to energy within the Sun’s solar furnace has increased
from grams to Teragrams. In 20 nanoseconds, the mass decrease
taking place within the Sun is equal to the mass of a single person.
It becomes equal to the mass of all the people living on Earth in
just under 100 seconds.
After about seventeen minutes, the total amount of mass converted to energy swells from Teragrams to Petagrams. In about
twelve days, we reach Exagrams of mass loss. To achieve a mass
change in the Zettagram range, takes just over seven years. The
next milestone for mass conversion is Yottagrams. It takes about
74 centuries for a Yottagram of mass to be lost from within the
Sun. This is a lot of mass in terrestrial terms, but the mass of the
Sun is 1 989 000 000 Yottagrams, so the 4.3 Yottagrams lost over
317 centuries (1 Terasecond) is an insignificant 0.000 000 2% of its
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total mass.
...
Deviations in 19th-century astronomical tables for Uranus indicated an undiscovered planet might exist. It was hypothesized the
gravity of an unknown object was perturbing the orbit of Uranus.
French Mathematician Urbain Le Verrier (1811–1877) performed
complex computations in an attempt to predict the location of this
unknown planet. Le Verrier sent a letter to the Berlin Observatory with his prediction, and implored them to search for it. The
letter arrived on September 23, 1846. The planet was discovered
that evening, and was within one-degree of its predicted location.
It is now known as Neptune.
There were further unexplained perturbations in the orbits of
the gas giants, which lead astronomers to conclude another undiscovered planet might exist. American astronomer Percival Lowell
(1855–1916) became convinced this planet existed. He called the
unknown celestial body Planet X, and computed its expected location based on remaining unexplained perturbations of Uranus.
Lowell began his search for Planet X in 1906, and continued until
his death in 1916.
American Clyde W. Tombaugh (1906–1997) began working at
Lowell Observatory in 1929. He searched for Planet X by aligning
photographs of stars which had been taken a day apart. The
images were projected onto a screen and then alternated. The
device used is known as a blink comparator. The stars would
remain fixed, but any planet which might be observed would shift
back and forth. After a year of diligent observation, Tombaugh
found a shifting point of light on February 19, 1930. After tracking
its orbit for a month, Tombaugh announced Planet X had been
located.
The name Pluto was suggested by an 11-year-old English school
girl, Venetia Burney (1918–2009), who was a classical mythology
enthusiast. Pluto is the god of the underworld. The members of
the Lowell Observatory unanimously chose Pluto as the name for
the new planet. The first two letters of Pluto are PL, the initials
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Figure 10.3: Pluto - NASA

of Percival Lowell, and were seen as a tribute.
The discovery of Pluto by Clyde Tombaugh in 1930 was apparently a confirmation of Lowell’s computations. Lowell estimated
the mass of Planet X needed to be nearly seven times that of the
Earth, or approximately 40 000 Yottagrams, in order to produce
the expected effect on the orbit of Uranus.
There was just one problem. The value of Pluto’s mass was
constantly revised downward during the 20th century. Following
its discovery, the mass of Pluto was initially estimated to be about
the mass of the Earth, or about 5972 Yottagrams. Table 10.5
shows the precipitous decline in the mass estimates for Pluto. By
1968, Arthur C. Clarke wondered if Pluto might be a “lost” satellite of Neptune. [4] One astronomer wryly pointed out there would
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soon no longer be any reason to worry about Pluto, because its
mass estimate was decreasing at a fast enough rate, that Pluto
would simply cease to exist by the end of the 1980s. This decline
in mass meant Pluto could not be responsible for anomalies in
the orbits of the gas giants. In 1978, Pluto’s moon Charon was
discovered. This allowed astronomers to accurately measure the
mass of Pluto for the first time.
Pluto’s Estimated Mass Over Time
Year
1916
1931
1948
1976
1978
2006

Mass
40 000 Yg
5 972 Yg
597 Yg
60 Yg
12 Yg
13 Yg

Table 10.5: The Mass of Pluto in Yottagrams

Pluto did not disappear at the end of the 1980s. Instead, data
taken in 1989 by Voyager 2, as it flew past Neptune, revised that
gas giant’s mass downward by about half a percent. Later computations using this data caused the earlier orbital discrepancies
to disappear, along with the need for Planet X.§

§

A dwarf planet, 2012 VP113, which was discovered in 2014, (using photographs from 2012)is a collection of rock and ice 450 Kilometers in extent
and orbiting at a distance of about 12 Terameters from the Sun. Pluto orbits
at about 7.4 Tm. An odd alignment of the newly discovered dwarf planet and
10 other orbiting bodies was noted, and might suggest a planet ten times the
mass of the Earth, with an orbital distance of about 38 Terameters, might
exist.
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