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VOYAGER
A FA MILY P OR T R A I T OF
OUR SOLAR SYSTEM
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them they completed a tour of Jupiter,
Saturn, Uranus and Neptune, and in
doing so transformed our knowledge
of the Solar System. In a series of
flybys, they showed us that the
Galilean moons of Jupiter were not
dead, airless rocks like ours, but
distinct worlds with their own
characters and mysteries. They
revealed that the oft-mythologised
rings of Saturn were varied and
complex, riddled with spokes and weaves. They gave us our first close-up
images of aquamarine Uranus and cobalt Neptune, seen previously only as
fuzzy, indistinct blobs through telescopes on Earth. Between them they took
pictures of 52 bodies, 23 of which were moons that had defied discovery until
the Voyagers came along. Even now, with the planets of the Solar System long
behind them, they continue to send back data as they push into interstellar
space, the void between the stars.

IT’S 40 YEARS SINCE THE TWO VOYAGER
CRAFT SET OFF ON THEIR QUEST TO
EXPLORE THE OUTER SOLAR SYSTEM.
THIS IS THE STORY OF THEIR JOURNEY…

T

he day was 14
February 1990,
and Voyager 1’s
camera, which
had been
inactive for 10
years, was
turned on one
last time. Then
5.95 billion
kilometres from
Earth, the spacecraft took 60 photos,
which scientists at NASA’s Jet
Propulsion Laboratory (JPL) in
California used to create the most
distant portrait of the Solar System
we have, a valentine to our planetary
neighbourhood. Amid the darkness is
Earth itself. It’s not the gleaming Blue
Marble of the Apollo era, but a Pale
Blue Dot, a minuscule speck of dust
(see opposite page). Right there, in a
fraction of a pixel, is the stage for all
human existence.
These sobering frames were the last
to be photographed by either of the
twin Voyager spacecraft, which
started their journeys to the outer
Solar System 40 years ago. They
launched separately in the late
summer and early autumn of 1977,
from an Earth as unrecognisable
today as the fragile dust mote seen by
Voyager 1 in 1990. Jimmy Carter was
in the White House and Donna
Summer was singing about feeling
love. A little-known movie called
Star Wars was confounding all box
office expectations. Pluto was still
considered a major planet, and the
idea that there might be other planets
around other stars was but a theory.
The Voyagers would go on to
confound expectations, too. Between
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THE SLINGSHOT EFFECT
It was in May 1961 that US president John F Kennedy delivered his ‘Moon shot’
speech to Congress, in which he called on his country to put a man on the Moon
before the decade was out. In the same speech, he talked about developing a
nuclear rocket that would someday allow for even more ambitious missions,
“perhaps to the very end of the Solar System itself”.
At the time, the idea of sending any kind of craft such a long way was
inconceivable. Using conventional rocketry, it would take 30 years to reach
Neptune, far beyond the lifespan of any feasible spacecraft. The prevailing view
was that the outer Solar System would remain out of reach until some form of
‘high-energy’ propulsion had been developed. That it didn’t stay unobtainable 2

September 1962: JFK gave his famous ‘Moon speech’ at Rice University, to encourage support of space exploration
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Words: Kev Lochun

“ THAT’S HERE .
THAT’S HOME .
THAT’S US.
ON IT
EVERYONE
YOU LOVE,
EVERYONE
YOU KNOW,
EVERYONE YOU
E V ER HE A RD OF,
EVERY HUMAN
BEING WHO
EVER WA S”
–CARL SAGAN

Earth as a Pale Blue Dot (circled), photographed by Voyager 1 in 1990
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Voyager 1 makes its
closest pass of Jupiter;
Voyager 2 makes its
flyby on 9 July. Together,
they reveal new moons,
rings and the gargantuan
extent of the Jovian
magnetosphere.

Voyager 1 takes a close
look at Saturn’s moon
Titan, discovering that
it’s not as large as
expected. The crown of
largest moon in the
Solar System passes to
Jupiter’s Ganymede.

12 NOV 1980

Voyager 2 launches from
Cape Canaveral in Florida,
on a longer and slower
trajectory than its
counterpart. Voyager 1
lifts off a couple of weeks
later on 5 September,
overtaking Voyager 2 in
the asteroid belt.

11 NOV 1980

was not a new one; astronomers of years gone by had witnessed the paths of comets
being bent by Jupiter time and again. The ‘problem’ was being able to predict
exactly how the third body’s trajectory would be altered.
Minovitch not only solved it, but showed that this effect could be harnessed to
send a spacecraft zipping across the Solar System without expending any more fuel
than needed to launch it in the first place. All the probe had to do was pass
sufficiently close to a planet orbiting the Sun in the same direction, and it would
‘steal’ some of the planet’s momentum. The probe would be catapulted onwards at
greater speed and in a new direction, while the planet would suffer almost
imperceptible loss of inertia. The long-theorised idea of gravity-assisted travel was
finally realised.
Fast-forward three years to 1965 and Flandro notices that Jupiter, Saturn,
Uranus and Neptune will all be on the same side of the Solar System in the late
1970s and early 1980s, an alignment so rare it only comes about once every 176
years. During this period, a single spacecraft using gravity assists could visit
them all, and it would only take nine years to reach Neptune. The day after

5 MAR 1979

20 AUG 1977

V OYA G E R ’ S
GRE ATE S T
HITS

2 was largely down to the work
of two JPL interns, Michael
Minovitch and Gary Flandro.
In 1962, Minovitch cracked a
conundrum of classical
mechanics: the three-body
problem. This describes how
the gravitational influence of
two bodies affects the
trajectory of a third. Typically,
the first two bodies are the
Sun and a planet, the third is
a moon, comet or asteroid.
The idea that a gravitational
Goliath could alter the
trajectory of a smaller entity

Saturn with two of its moons, Tethys and Dione, as photographed by Voyager 1

Voyager 1 sails past
Saturn, with Voyager 2
following on 25 August
1981. They confirm that
the planet’s famous
rings are neither solid
nor liquid, but thin
aggregations of
water-ice fragments.

PHOTOS: NASA X10

“AT L AUN C H ,
URANUS AND
NEPTUNE REMAINED
OFF LIMITS. IT WA S
O N LY A F T E R T H E
SATURN ENCOUNTER
IN 1981 THAT THE
EXTENSION WA S
GREENLIT”

Voyager 1’s camera
is turned on one last
time to take a
family portrait of
our Solar System.
Among the images
is the now iconic
Pale Blue Dot.

17 FEB 1998

Voyager 2 becomes the
first probe to visit
Neptune, which also
turns out to be an ice
giant. The spacecraft
discovers that Neptune
has partial rings and
the strongest winds in
the Solar System.

14 FEB 1990

First encounter
with Uranus.
Voyager 2 discovers
a bland planet
with an unusual
composition,
leading to a new
classification:
ice giant.

25 AUG 1989

24 JAN 1986

A WHOLE NEW WORLD
When the Voyagers reached Jupiter in 1979 – Voyager 1 making its closest pass in
March, Voyager 2 in July – they set a precedent for rewriting the textbooks, a feat
repeated during every flyby thereafter.
One of the biggest surprises was Jupiter’s moon Io. It was not the grey and barren
rock that scientists expected it to be, but a blotchy kaleidoscope of oranges, yellows
and bluish-whites, scarred by erupting volcanoes and lava flows. It was the first
time that active volcanism had been observed anywhere beyond Earth. A set of
rings was also discovered around Jupiter itself; not majestic like Saturn’s, but thin
and dusty. And for the first time, the Great Red Spot was seen close-up, revealing it
to be a massive, anticyclonic storm system large enough to swallow three Earths.
Here – and during every following encounter – the Voyagers refined our estimates
of the planet’s size, the length of its day, the nature of its magnetosphere and its
internal composition.
At Saturn, the probes provided the visual proof that the planet’s rings, seemingly
solid through even modern telescopes, were conglomerations of water-ice chunks
ranging from less than 1cm in size to more than 10m. More surprising was their
complexity. Each of the nominally individual A, B and C rings were found to be
comprised of dozens of smaller ringlets. The ‘Cassini Division’, the empty gap
between the A and B rings, was not empty at all but littered with fragments of dust

and rock. Two more rings were found,
as were the first ‘shepherd moons’ –
Prometheus and Pandora – situated on
either side of the planet’s outer F ring.
Shepherd moons are bodies within the
ring plane that contain, corral and
shape the rings themselves. A third
shepherd moon, the walnut-shaped
Pan, was spotted years later in images
from Voyager 2.
But it was the featureless orange blob
of Titan that mission scientists were
most excited to see, the only moon in
the Solar System known to have a
substantive atmosphere – so thick that
Voyager 1 was unable to see the moon’s
surface. What the probe did determine
was that the haze was dominated not by
water, but by methane and other
organic compounds, spawning theories
that Titan could be an analogue to
conditions on a much younger Earth.
Radio experiments also revealed that
Titan was not the largest moon in the
Solar System as had been long believed:
its enormous atmosphere made it
appear bulkier than it really was.
From here the Voyagers went their
separate ways. As Voyager 1 careered
away from the plane of the planets,
Voyager 2 sped on to Uranus for a
January 1986 flyby. This planet proved
to be somewhat serene, lacking the
distinct storms and latitudinal banding
seen on Jupiter and Saturn. It was
quite different internally, too: its 2

Voyager 1 overtakes
Pioneer 10 to
become the
most distant
human-made
object in space, 10.4
billion kilometres
from Earth.

25 AUG 2012

Flandro presented his findings, JPL issued a press release describing a mission to
the outer planets. The idea of the Grand Tour was born.
JPL’s early ambitions matched the rarity of the occasion: four spacecraft, plus
orbiters and atmospheric probes, with a colossal price tag of $900m. That proved too
steep for Congress, and in 1971 the Grand Tour was abandoned. From its ashes came
Voyager, a stripped-back mission ostensibly limited to Jupiter and Saturn, but
NASA’s engineers never gave up on the idea of the tour. Two trajectories were
chosen out of 10,000: Voyager 1 would fly past Jupiter, Saturn and its large moon
Titan, but Voyager 2’s course left open a mission extension to Uranus and Neptune.
They were built with these distant worlds in mind – batteries that could last for
decades, enough fuel to keep the probes’ antennas aimed at Earth and, for the first
time, programming that allowed the spacecraft to fly themselves.
At launch, Uranus and Neptune remained off limits. It was only after the final
Saturn encounter in 1981, following a parade of discoveries and data, that the
extension was greenlit. Only then was JPL’s optimism rewarded.

Voyager 1 becomes the
first craft to enter
interstellar space.
NASA is only able to
determine this 13
months later, after a
coronal mass ejection
from the Sun catches
up with it.
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MESSAGES TO ET

2

Bolted to the underside of each of the Voyager probes is a 12-inch gold-plated copper disc, the
Golden Record. It’s a time capsule of Earth as it was in 1977, laden with images, music and
diagrams: a message for any alien civilisation that might chance across it. The contents offer a
snapshot of human life and our place in the Universe. Among its 116 images (five of which are
shown here) are depictions of human anatomy, plants and animals, landscapes and scenes of
everyday life. There are audio greetings in 55 languages, some ‘Earth sounds’ and 90 minutes of
music, including works by Beethoven, Mozart and Bach, a Navajo chant, a Peruvian wedding
song and Chuck Berry’s Johnny B. Goode. It also carries a recording of the brainwaves of Voyager
team member Ann Druyan, in the hope that another race might be able to decipher them.

1

3

4

1 Eat up!
This unusual image
demonstrates how
we lick, eat and drink.
You drink like this
too, right?
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2 Wonderful wildlife
Pictures of our planet’s
animals include
dolphins, an eagle, a
crocodile, an elephant,
and this cute toad.

3 Solar spectrum
The disc features the
Sun’s spectrum of light
in visible colours,
perhaps to help aliens
identify the Sun.

4 Engineering marvel
The Great Wall of China
is one of our most
famous structures.
Despite rumours, it is
not visible from space.

5 Human athleticism
Sporting activities
feature in several
images – also included
are photos of runners
and a mountain climber.

PHOTOS: NASA X5, SCIENCE PHOTO LIBRARY, NATIONAL ASTRONOMY AND IONOSPHERE CENTER
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The Golden Record was installed on each of the Voyager cra� before launch

“THEY WILL DRIFT AMONG
THE STAR S, EDGING
TOWARDS A DESTINATION
O F W H I C H J F K C O U L D O N LY
DARE TO DREAM”
2 composition being dominated by ices of water, methane and ammonia, leading it
to be given the new classification of ‘ice giant’. Voyager 2 photographed 11 rings
around Uranus – two more than anticipated – but it was its moon Miranda that
confounded, with its mix of young and old surfaces and patchwork of icy cliffs,
canyons and strange chevrons. It looks like Miranda has been pulled apart and
forced back together more than once throughout its life.
Neptune was also revealed to be an ice giant, but it was not as calm as Uranus.
Voyager 2’s flyby in August 1989 revealed a number of storms, including an Earthsized anticyclone that became known as the Great Dark Spot, and the most
ferocious winds in the Solar System. It amazed the mission team that a world so
cold and so far from the Sun could be so atmospherically active.
As if to bookend the Voyagers’ planetary explorations, the last moon either
spacecraft visited proved to be as exciting as Io. Frosty Triton was found to have a
gigantic seasonal polar cap and active geysers spewing nitrogen into a thin
atmosphere. Most exciting were the revelations that Triton orbits Neptune
backwards in relation to the planet’s other moons, suggesting that it may be an
object from the icy outskirts of the Solar System (the Kuiper Belt) that became
trapped in Neptune’s orbit.

INTO THE VOID
Voyager 1’s family portrait of the Solar
System in 1990 marked the end of the
Grand Tour and the beginning of the
Voyager Interstellar Mission, a new
phase to explore the bounds of our
Sun’s influence in space, in a bubble
called the heliosphere.
In 2004 it reached the termination
shock, the region where the solar wind,
the breeze of particles streaming from
our Sun, begins to quieten. It wasn’t
until 2012 that Voyager 1 detected the
change in high-energy particles that
confirmed it had crossed the heliopause
– the ‘boundary’ – and entered
interstellar space. So far it is the only
spacecraft to do so; Voyager 2 is
expected to follow within five years.
Yet it still can’t be said that Voyager 1
has left the Solar System. That will
happen when it passes through the Oort
Cloud, the hypothesised shell of icy
bodies that surrounds us. Depending on
which estimate you use, that could take
another 40,000 years.
By that time, both of the Voyagers
will have fallen quiet. Even today they
might be considered senior citizens. A
number of instruments have failed,
while several more have been
permanently disabled to lessen the
power drain on their batteries. The
craft are expected to keep transmitting
data until 2025, but beyond that, when
their weak signals finally disappear,
they will drift silently among the stars,
edging towards a destination of which
JFK could only dare to dream.
Kev Lochun is a science and history journalist .
He tweets from @kevlochun
D I S C OV E R M O R E

For more on the mission’s
history and discoveries,
check out The Story Of Voyager
from the makers of BBC Sky at
Night Magazine (£11.49,
available now). Call 03330 162
138 or visit buysubscriptions.
com/voyager
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