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6.4.12  References for notes

-

-

"Heliopause Seems to Be 23 Billion Kilomeires™. Uni-
verse Today, December @, 2M)3. Retrieved 2)7-03-
{8,

“Space probes reveal Solar Svstem’s bullet shape™
COSMOS magazine. May 11, 2007. Retrieved 2007-
05-12.

h4.13  External links

-

-

Moving inte Intersiellar Space (Artist Concept)

“Cassini Data Helps Redraw Shape of Cur Solar Sys-

tem™ 2000

Publications in Refereed Journals
Vovager Interstellar Mission Objectives
The Heliosphere {Cosmicopia)

NASA GALEX ((Galaxy evolution Explorer) home-
page at Caltech

The Solar and Heliospheric Besearch Group at the
University of Michigan

Ribbon at Edge of Qur Solar System: Will the Sun
Enter a Million-Degree Cloud of Interstellar Gas this
century ?

A Big Surprize from the Edge of the Solar System

(NASA 06.09.11)
Schwadron, M. A, el al. (6 September 2011

"Does the Space Emwvironment Affect the Eco-
sphere?.  Eps (American Geophysical Union) 92
36y 297=301. Bibcode:201 IEOSTE. . 92..2975,
Joi: 101029200 TeaIGIMI0L,

d theories

Warning, conlen! may be onidaled

The Heliosphere, MIT Space Plasma Group

UT's Don Gurnett Says Voyvager | Is Approaching Edge
Of Solar System December 8, 2002 Univ. of [owa
Press release

MASA's Interstellar Probe (20000

CMNN: NASA: Voyager | enters solar system’s final
frontier — May 23, 2005

197
o New Scientisn; Yovager | reaches the edge of the solar
system = May 23, 2005

® Surprises from the Edpe of the Solar System — Vovager
| Newest Findings az of Seprember 2006

& |he '.".|:Ii1|.~:]:-l1i:r|-.' hydrogen wall and astrospheres
» Heliosphere, has a diagram.

o Heliosphere Astronomy Cast episode #6535, includes
full transcript,

6.5 Pale Blue Dot

Thiz article iz about the photograph. For other uses, see
Pale Blue Dot {disambiguation ).

Seen from ahaent © Billion kilonwelers, Eanth appears os o gay dof
(rhe blieedsh-whife spect approcinately halfway down the brows
Hana to the mgit)] within the darkness af deep space

FPale Blue Doy 15 a photograph of planet Earth taken on
February 14, |99, by the Vovager T space probe from a
record distance of about 6 billion kilometers (3.7 billion
miles, 40.5 ALT), as part of the Family Portrait series of im-
ages of the Solar System.



|98

I the photegraph, Earth's apparent size is less than a pixel;
the planet appears as a tiny dot against the vasiness of space,

among bands of sunlight scatterad by the camera'’s aptics. !

Viowvager 1, which
was leaving the Solar System, was commanded by NASA

W turn s camers around and take one last photoaraph of

hed completed its primary mission and

Earth across g g"l.":il L'tu|'|:=.||x:" of x|'|:'.|."|.':._ at the I'-:‘:||||"~.I ol -

tronomer and author Carl Fi.u;_"..n.':'

651  Background

On September 5, 1977, NASA launched Vevager J. 4
T22-kilogram {1,392 1o} robotic spacecrall on a mission
o study the outer Solar System and eventually intersiellar
space " After encountering the Jovian system in 1979
and the Saturnian system in 1980, the primary mission was
declared complete on Movember 20 of the zame vear. Vow-

arer | was the first space probe o provide detaled mmages
of the vwo largest planews and their major moons

T Vowaper | saoeiral?

The spacecraft, travelling at S0,HEY miles per howr (H,000
km/h), 15 the farthest man-made object from Earth and the
first one 1o leave the Solar System P Its mission has been
extended and continues 10 thiz day, with the aim of inves-
tgating the boundaries of the Solar system, including the
Kuiper belr, the helicephere and interstellar space. Operat

ing for 37 vears, & months and 20 davs as of woday (March

2720050, 1t recewes routine commands and transmits data

back o the Deep Space Newwork, H10107

Viovager [ owas imittally expected w work only through the
Saturn encounter, When the spacecrall passed the planel
in 1980, Sagan propesed the ides of the space probe taking
one last picture of Earth.'* He pointed out that such a pic-
ture would not bave had moch sclentific value, as the Earth
wiould appear oo simall for Vosager s cameras 1o make oul
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any detail, but it could have been meaningful nevertheless

4% a perspective on our place in the universe.

A |'_"'|:-|.g|'| many in MNASA "p"ll_l.: Zer PrOegram wers support
e, most were of the opindon that taking & piciure of Earth
close to the Sun risked damaging the spacecraft’s video
syslem, préventing more pictures from being taken, ™! Tt
waas nat until TUEQ that :i".::lil__'.-ll'.‘ﬁ- idea was _:'l||| intce |‘:":||.'!I il.'!l.':_
but then instrument calibrations delaved the process fur-
ther, and the personnel who devized and transmited the
radio commands 1o Vovager 7 were also being laid off or
transferred o other projects. Finally, NMASA Admimstrator
Fichard Truly interceded w ensure that the photograph was

taken LA
ake

n.5.2 Camera

Vovager s Imaging Science Subsysiem (IS5), now dis-
abled, consisted of two cameras: a 200 mm focal length,
low-resolution wide-angle cmera (WA, used for spatially
extended imaging, and a 1300 mm high-resolution narroy
angle camera (MNA) = the one that took Faele e Dor = in-
tended for detailed imaging of specific targets. Both cam-
eras were of The clow-scan vidicon tobe [y and were fited
with eight colored filters, mounted on a hilier wheel placed

. [12]]13]

in fromt of the tube,

The challenge for NASA™S imaging team was that, as the
mission progressed, the objects being photoeraphed were
zetling farther away from the spacecrall, therefore appear
ing fainter and requiring longer exposures and even slew-
g (panningl of the cameras w achieve good quality. The
telecommunication capability also decreased with distance,
limiting the number of data modes that could be used by
the imaging system. !

After I:|L_i|'E e |"':-.'.'."l.'.l.' FPortraii series of i|'|'|:_|i-__-¢-, which
included Pale Blue Dof, NASA mission managers come-
munded Vovager £ topower 1ts Caomeras doan, as the space-
craft was not going 1o fiy near anything else of significance
for the rest of 12 mission, while other instruments that were
still collecting data needed power for the long journey o
intersiellar space, 1!

6.5.3 Photograph

The desizn of the command sequence 1o be relaved o the
spacecralt and the caleulations for each photograph’™ expo
sure time were developed by space scientists Candy Hansen
of MASA Jet Propulsion Laboratory (JPL) and Carelyn
Porco of the L"li-.-.‘rhil_'\_-.' of Arizona " Afier the |‘:|:'|'||||.‘:-.‘.
imaging sequence was taken on February 14, 1900, the d
from the caumera was stored nitally inoan on-board tpe

recorder, Transmission 10 Earth was alzo delaved by the
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Magellan and Galileo missions being given priority over the
nse of the Deep Space Metwaork. Then, between March and
By 1990, Vovager T oretarned ) frames back to Barth,
with the radio signal iravelling at the speed of light for nearly

" = 1 3 1 ]
five and a half hours 1o cover the distance !®!

Three of the frames received showed the Earth as a tiny
point of light in empty space. Each frame had been taken
using & different color fleer: blue, 2reen and violet, with
exposure tmes of 0,72, 0048 and 0,72 seconds respectively,
The three frames were then recombined 1o produce the im-
age that became Fale Blie Dor. L3IL1n

O the G40 000 individual pixels that compose cach frame,
Earth takes up less than one (0,12 pxels, according to
MNASAY The light bands across the photograph are an
artifact, the resuli of sunlight scatiering off parts of the cam-
era anid 115 sunshade, due to the relative proximity beiween
the Sun and the Earth. U™ Voyager s point of view was ap-
proximately 327 above the ecliptic, Detailed analysis sug-
pested that the camera also detected the Moon, although 1t
is to0 faint to be visible without special processing. /!

The wide-angle pliedograpl of the s and funer planers (rof vis-

i, weity Pake Ble Dor seperimposed o s lefl, Voo be iy rimhid

Fhe pale Blue color of the dot is the reselt of polarization
and scatering of the light reflecied Mo Earth. The po
larization in turn -.fl"'|‘.-.‘.|'||*- on varions faciors such as clowd
cover, exposed arcas of oceans, forests, deserts, snow fickds
et [1EI19]

Pale Blue Do, which was taken with the narrow-angle cam-
era, was also published as part of a composite piciure cre-
ated from awide-angle camera photwgeaph showing the Sun
and the region of space containing the Earth and Yenus,
The wide-angle image was insel with wo narmow-angle pic-
tres: Pale Blye Dod and a similar photograph of Venus,
The wide-angle photograph was taken with the darkest fil-
ter {a methane absorption band) and the shortest possible
exposure [5 milliseconds), 10 aveid saturating the camera’s
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vidicon tube with scauered sunlight, Even =0, the result was
a bright burned-out image with multiple reflections from the
optics in the camera and the Sun that appears far larger than
the aciual dimension of the selar disk, The ravs around the
sun are a diffraction pattern of the calibration lamp which
is mounted in front of the wide-anale lens, /™

5.4 Distance

Pl apprasiaeate locgiion of Vosagper 1 owhile e photoprapiy was

1
Reekeni £ shierwn i reeT:

According o NASA Jet Propulsion Laboratory's HOEIL-
ZOME wol, the distances between Yoyawer F and the Earth
on Febroary 14 and May 13, 199%), were as fio o 127

6.5.5 Reflections by Sagan

Carl Sagan utled his 1992 book Poale Blee Dor: A Visien
of the Human Furere in Space after the photograph.  In
it, he expresses hos thoughts on a deeper meaning of the

image: 121122

From this distant vantage pont, the Earth
might not seem of any particular interest, But fos
us, it's different. Conzider again that dog, That's

That's us. Cn ot everyone

here. That™s home.
vou love, evervone you know, everyone you ever
heard of, every human heing who ever was, lived
out their lives. The aggregate of our joy and sof-
fering, thousands of confident religions, wdeoko-
gies, and economic doctrines, every hunter andd
forager., every bero and coward, every creator and
destrover of civilization, every king and peasant,
every young couple in love, every mother and fa-
ther, hopetul chld, iventor and explorer, every
teacher of morals, every corrupt politcian, every
Peupersiar,” every “supreme leader,” every saint
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workl, To me, it underscores our responsibility
o deal more kindly with one another and 1o pre-
serve and cherish the pale blue dot, the only home
We ve ever known,

—arl Sagan, Pale Blae Doz A Vision of the

Human Future in Space, 1997 reprint, pp. xv—-xv1

6.5.06  See also
o The Blue Marble
e Earthrise
e Family Portrait (MESSEMGER.)

# The Day the Earth Smiled
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(.59 External links

¢ Andio recording of Carl Sagan reading from Pale Biue
D, from the US Library of Congress, Seth MacFar-
lane Collection of the Carl Sagan and Ann Druyan
Archive

* Video produced for Pangea Day with Sagan reading
from Pale Blue D

& Sagan’s rationale for human spaceflight — Article on
The Spuce Review
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6.6 Planetary Grand Tour

For other uses, see Grand Tour (disambiguation).
The Planetary Grand Tour was a plan tozend unmanned

WEIYAGER 1

2% Aug 81

The frafecrories thar enabled NASA S Vovager 1 and 2 spececeaf?
ta fonr the fover gas giand planels and actieve veloelty fo leave the

Sorlerr ."i:.'- Flem.

Voager | s olose view of Titan, aitempted tn face of a Plete Tyl

probes o the planets of the outer Solar System, Con
ceived by Gary Flandro of the Jet Propulsion Laboratory
in 1964,1V the Grand Tour would exploit the alignment
of Jupiter, Saturn, Uranus, Meplune, and Plute, an event





