
TIME IN PIONEER 
AND VOYAGER

Preface to the Size of the Universe



VOYAGER

Sirius

Gliese 445

Voyager 2 in 
296,000 years

https://space.stackexchange.com/questions/1621/where-
are-pioneer-10-11-and-the-voyagers-ultimately-headed

Aldebaran Pioneer 10 in 
2,000,000 years

Voyager 1 in 
40,000 years

https://space.stackexchange.com/questions/1621/where-are-pioneer-10-11-and-the-voyagers-ultimately-headed
https://space.stackexchange.com/questions/1621/where-are-pioneer-10-11-and-the-voyagers-ultimately-headed
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“During the 1930s, it was noticed that there was a radio 'hiss' 
that varied on a daily cycle and appeared to be extraterrestrial 
in origin. After initial suggestions that this was due to the Sun, 
it was observed that the radio waves seemed to propagate 
from the centre of the Galaxy”

Wikipedia
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d = 1/f 
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100000110110010110001001111000
= 551117432

f = 1420Mhz 
d = 1/f 



NASA

100000110110010110001001111000
= 551117432 * 1/f = .388s

f = 1420Mhz 
d = 1/f 



NASA

.388s = frequency of pulsar 
"1240" (aka J1243-6423) 

f = 1420Mhz 
d = 1/f 

-wikipedia



NASA

100110000110010000000000000000000 
= 5113380864 * 1/1420405751.7667 
= 3.6 seconds / revolution 
= ~16RPM

100001011  0000000000  0000000000  0000000000  0000  
= 4587025072128 * 1/1420405751.7667  
= 3229.3 seconds 
= ~54 minutes



https://www.edwardtufte.com

EDWARD TUFTE

https://www.edwardtufte.com/


HOW BIG IS THE 
UNIVERSE?



COMIC DISTANCE 
LADDER

See: Mentalfloss, The Expanding Universe: How the Universe Got Bigger As We Measured It 
and Terrance Tao (UCLA), Cosmic Distance Ladder

http://mentalfloss.com/article/30839/expanding-universe-how-universe-got-bigger-we-measured-it
https://terrytao.files.wordpress.com/2010/10/cosmic-distance-ladder.pdf


https://norse-mythology.net/yggdrasil-in-norse-mythology/

YGGDRASIL THE WORLD TREE 
NORSE

https://norse-mythology.net/yggdrasil-in-norse-mythology/


GEO METRY
EARTH MEASURE



WE’RE THE CENTER 
OF EVERYTHING

PTOLEMAIC MODEL  
GEOCENTRIC

Detailed in the Almagest 
~150BC



Sun

Moon

Mercury

Venus

Mars

Jupiter

Saturn

Stars

WE’RE THE CENTER 
OF EVERYTHING

PTOLEMAIC MODEL  
GEOCENTRIC

Detailed in the Almagest 
~150BC



EARTHDeferent

Epicycle



EARTHDeferent

Epicycle



http://bilimneguzellan.net/

(ASIDE)

http://bilimneguzellan.net/


“PTOLEMY'S UNIVERSE WOULD FIT WITHIN THE ORBIT OF EARTH”
-Calli Arcale, for MentalFloss



ARISTARCHUS OF SAMOS
Heliocentric model, 300BC

HIPPARCHUS OF NICAEA
Precession of the equinoxes, 150BC



YU XI (虞喜)
“In 336 AD Yu Xi wrote the An Tian Lun (安天論; Discussion of Whether 

the Heavens Are At Rest or Disquisition on the Conformation of the 
Heavens).He observed that the position of the sun during the winter 
solstice had drifted roughly one degree over the course of fifty years 
relative to the position of the stars.”

-Wikipedia

“The Maragha school of astronomy in Ilkhanid-era Persia further 
developed ‘non-Ptolemaic’ planetary models involving Earth's rotation. 
Notable astronomers of this school are Al-Urdi (d. 1266) Al-Katibi (d. 
1277), and Al-Tusi (d. 1274).”

MARAGHA ASTRONOMERS

-Wikipedia



Library of Congress



THE SUN IS THE CENTER, BUT 
WE’RE STILL PRETTY SPECIAL

COPERNICAN MODEL

Detailed in On the Revolutions of the Celestial Spheres  
1543CE



Library of Congress

https://www.loc.gov/resource/g3190.ct003813/


GALILEO 
1610-1615 
GANYMEDE, CALLISTO, IO, EUROPA 
SUNSPOTS

THE SUN IS THE CENTER, AND 
WE’RE LESS SPECIAL
Other planets have moons, and 
the sun itself rotates



KEPLER 
1609 
LAWS OF PLANETARY MOTION
These set the true shape of orbits (ellipses, not 
circles) and related orbital period to distance. 

Detailed in Astronomia nova 
1609CE



TRANSITS OF VENUS



TRANSITS OF VENUS

1639: EARTH-SUN DISTANCE ESTIMATED AT 95.6M KM
1761: EARTH-SUN DISTANCE ESTIMATED AT 153M KM 40x bigger than 

Ptolemy’s estimate



ASTRONOMICAL UNIT (AU)  
MODERN VALUE

149,597,900 KM 



1600S - TITAN AND OTHER MOONS OF SATURN 
1700S - MORE PLANETS (URANUS) MORE MOONS (OR URANUS, SATURN) 
1800S - CERES, NEPTUNE, THE MOONS OF MARS (PHOBOS AND DEIMOS) 



RØMER 
1676 
FINITE SPEED OF LIGHT



THE SUN IS THE CENTER OF A 
GINORMOUS SOLAR SYSTEM OF WHICH 
WE’RE A SMALL PART







1830S - FIRST MEASUREMENTS OF STELLAR PARALLAX

EARTH-SUN DISTANCE: 8 LIGHT MINUTES 
SOLAR SYSTEM: 8 LIGHT HOURS

CYGNUS : 11.4 LIGHT YEARS  
ALPHA CENTAURI: 4 LY 

Apparent seasonal shift of closer stars against more distant ones



1830S - FIRST MEASUREMENTS OF STELLAR PARALLAX

EARTH-SUN DISTANCE: 8 LIGHT MINUTES 
SOLAR SYSTEM: 8 LIGHT HOURS

Size of Ptolemy’s Entire Celestial Sphere: 
20,000x Earth’s radius ~= 7 light minutes

CYGNUS : 11.4 LIGHT YEARS  
ALPHA CENTAURI: 4 LY 

Apparent seasonal shift of closer stars against more distant ones



“PTOLEMY'S UNIVERSE WOULD FIT WITHIN THE ORBIT OF EARTH”
-Calli Arcale, for MentalFloss



Parallax method maps thousands of the 
nearest stars (within 100ly). Correlations 
between brightness, spectrum, and distance 
allow us to infer position of more distant stars 
within this galaxy, up to about 300ly. 

EARLY 1900S



https://www.youtube.com/watch?v=2FrY6gRPC7k

https://www.youtube.com/watch?v=2FrY6gRPC7k


http://www.harkavagrant.com
Kate Beaton

http://www.harkavagrant.com/


http://www.harkavagrant.com
Kate Beaton

http://www.harkavagrant.com/


Leavitt’s law allowed determining stellar 
distance up to 100,000,000ly.  

In 1924, Edwin Hubble used Cepheid 
variables to determine the distance of the 
Andromeda Galaxy, providing the first 
conclusive evidence for galaxies outside the 
Milky Way. 

LEAVITT’S LAW (1908)



HUBBLE DEEP FIELD

NASA



HUBBLE DEEP FIELD

https://www.nasa.gov/

https://www.nasa.gov/mp4/691499main_v1237e_H264l.mp4


HUBBLE DEEP FIELD

https://www.nasa.gov/

"The XDF is the deepest image of the sky ever obtained and 
reveals the faintest and most distant galaxies ever seen. XDF 
allows us to explore further back in time than ever before" 
principal investigator of the Hubble Ultra Deep Field.

https://www.nasa.gov/mp4/691499main_v1237e_H264l.mp4


Hubble uses Cepheid distances to determine 
the Universe is expanding. This leads to the 
concept of the Big Bang and an age to the 
Universe. 

1929

1998
Researchers using methods similar to Leavitt’s 
applied to supernovae (finding ‘standard 
candles’) determine the expansion of the 
Universe is accelerating.



Image: Carlos Budassi


