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I nt roduct ion 

Since before the dawn of civilization the night sky has intrigued humans.  

Any child today can still point out the same constellations that the great sailors 

once used to navigate the northern hemisphere hundreds of years ago.  We have 

studied the heavens, mapped its beauty and wonder, and even explored our 

heavenly neighbors, the Moon and Mars.  We have sent men to the moon, 

satellites into orbit, and explored the surface of Mars with a pair of rovers.  The 

drive of human curiosity has allowed us to examine our universe in ways that 

were inconceivable as recently as a century ago.  That drive, and a once-in-

three-lifetimes opportunity launched an expedition almost thirty years ago that 

continues to answer some of our old questions and create many new ones.  The 

expedition in question is the quest of the two Voyager space probes.  Launched 

in 1977, the pair’s original mission consisted of merely observing Jupiter and 

Saturn, but by the time the probes were ready to leave Jupiter they were being 

ordered to continue on to Uranus and Neptune, taking advantage of a planetary 

alignment that would not reoccur for over 170 years.  (Evans, pg 43)  They 

currently drift endlessly on the same trajectory they had when they left Neptune, 

making their way towards the Heliopause and new discoveries.   

In this brief work, I have attempted to present the technical and scientific 

aspects of the Voyager probes.  The probes have given us volumes of scientific 

data, and arguably the most data about the gas giants in our outer solar system.  

They are an important part of not only American space exploration, but human 
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space exploration, and their accomplishments will not soon be forgotten.  They 

were built on a budget, explored twice as many planets as they were designed 

to, and almost thirty years after their launch continue to give scientists important 

new data about the fringes of our solar system.  This is almost unmatched by 

any instrument in the NASA community, to have not one, but a pair of craft built 

within budget, on time, and with no catastrophic failures in almost thirty years.  

What more could the engineers at NASA’s JPL have asked for? 

Planni ng  

 The ideas for the Voyager probes we know and love were born out of 

something much grander.  To start this story at the beginning, in the 1920s 

studies of the orbits of comets had hypothesized that by utilizing elliptical orbits, 

a planet’s gravity could be used as a source of acceleration and propulsion for 

Earth-launched space vehicles.  Further research, accelerated by the Space Race, 

put this theory into practice, and helped the Mariner 10 craft reach both Venus 

and Mercury (Evans, pg 41).   The main person responsible for the math that 

allowed this was Michael Minovich.    Minovich continued to work with planning 

missions to Jupiter, and realized that because of Jupiter’s mass, and therefore its 

huge gravitation field, it would be possible to launch a probe out of the solar 

system.  He also noted that a craft launched between 1962 and 1966, or 1976 

and 1980, could meet with multiple planets, but didn’t take the next logical step 

in his calculations.  In June 1965, Gary Flandro made that step, and determined 

that a craft launched between 1976 and 1978 could reach all four gas giants in 
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the outer solar system.  “Flandro called his venture a ‘Grand Tour’, drawing the 

name from one used by Italian mathematician Gaetano Crocco, who had 

proposed a gravity-assisted mission to Venus and Mars in 1956.” (Evans, pg 42)  

But the Grand Tour also had a Grand Requirement.  If no action was taken 

before 1978, and the opportunity was missed, it wouldn’t be back for 176 years.   

 Enter the original Voyagers.  In this author’s opinion, it would seem that 

NASA was downright giddy when they looked at the possibilities afforded by this 

undertaking.  When planning began for this long mission, it was like giving a 

small child a Toys R Us Catalog and telling them to make out their Christmas list.  

Due to this ridiculous approach, the proposed budget soon grew way out of 

sight, peaking near 900 Million dollars.  The Space Shuttle was also competing 

for the Grand Tour’s budget, and had much more political clout, both at NASA 

and in Congress, and the original Grand Tour mission was canceled in early 

1972.  (Evans, pg 42-49) 

 Later that year NASA approved their Jet Propulsion Laboratory (JPL) to 

build a mission to Jupiter and Saturn, using two probes based on the Mariner 

platform that had worked so well with the Terrestrial planets.  There was a new 

catch though; they had to do it for less than $250 Million.  There were several 

disappointments with this new plan.  First of all, no thought was even being 

given to going on to Uranus and Neptune yet, let alone the outer solar system.  

No atmospheric probes would be affordable on such a small budget, and all the 

giddiness the engineers used to have for this idea seemed to have been drained.  
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But within a couple of weeks of its announcement, over 75 proposals had been 

submitted for instrumentation to be onboard the craft.   

 It wasn’t until well after the crafts had been built, and actually after their 

rendezvous with Jupiter, that the final mission specifications had been laid out, 

and the encounters with Uranus and Neptune were added.  This caused a small 

predicament for the probes and the JPL engineers, as the probes were only 

designed to recon two planets, not four.  NASA’s legendary problem solving 

ability has managed to keep the probes alive for over almost thirty years, and 

they continue to do so, as long as the probes are able to give us information 

about our solar system. 

Design 

 Due to the newly imposed budget, and the fact that the probes were to 

be Mariner-based, many design points were simplified.  Past craft, such as the 

Pioneer 10, gave JPL much needed 

information about the environment 

between here and Jupiter, and allowed 

engineers to harden the systems against 

radiation and meteorites and 

micrometeorites.  Each of the two craft 

look very strange and wildly designed.  

The dominant feature is the 3.7m diameter high-gain dish, which is fixed to a 

decagonal (ten-sided) structure, containing the management systems, propulsion 

Figure 0: Voyager Probes Courteousy of 
Spacetech's Orrery 
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fuel, and some of the scientific instrumentation.  Attached to the center are three 

booms.  The first carries the majority of the detectors and instrumentation, 

including cameras, spectrometers, detectors, etc.  The second boom is on the 

opposite side of the first and mounts the power supplies, discussed in detail in 

the next section.  The third boom is extendable and mounts the magnetometer.  

Also extending out from the craft is a pair of radio astronomy antennas.   

Sub -Systems 

Power  

One of the greatest roadblocks on this endeavor was power.  Generating 

power with solar panels beyond Mars would not be possible.  The apparent size 

of the sun shrinks rapidly, and common physics tell us that energy falls off at the 

square of the distance.  The amount of light that reaches Neptune is so miniscule 

that taking pictures is a feat of merit, let alone generating enough power to take 

the pictures, process the data, and transmit it back to Earth.  The only option for 

power that would give the craft the longevity needed for its trip was nuclear.  

This caused many concerns; nuclear energy was still something questioned 

regularly in the 1970s.  People were not necessarily afraid of a nuclear incident 

on Earth, but rather attaching what could be a small nuclear bomb to the side of 

a million dollar probe.  Having the craft crash and spread radiation in the 

atmosphere, or having it blow up a million miles out because of a short circuit, 

was not an option.  However, the Radioisotope Thermoelectric Generators 

(RTGs) were rigorously tested even before this mission, and have served in 
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almost every deep space mission NASA has sent out, as well as powering science 

packages left on the Moon.  They work by employing a decaying batch of 

plutonium dioxide, which produces heat as it decays, and the heat is converted 

to electricity with a silicon-germanium thermocouple.  (Evans, pg 45)  By using 

an array of these on each craft (three per craft) engineers were able to power all 

the systems on board for an, as yet, undetermined lifespan.  The systems have 

been working at present for over thirty years and current estimates say they will 

last possibly 15 more with a reduced consumption program that was begun a 

few years ago.   

Communications 

The primary antenna, and the most noticeable feature on the craft, is the 

3.7m dish.  The dish transmits on both 8.4 GHz and 2.3 GHz frequencies, and 

primarily receives and transmits data to Earth, even though during its planetary 

passes it was used as a science instrument.  Both frequencies offer very slow 

data rates, especially when compared to today’s communication systems.  Back 

on Earth, signals are received via the Deep Space Network (DSN).  The DSN is a 

series of dish farms placed at 120˚ longitude intervals, one in California, one in 

Spain, and another in Australia.  These complexes have a collection of dishes, 

including several 70m dishes.  This set of receivers allows communications with 

the probes at all times.  The Attitude and Articulation Control Subsystem (AACS) 

is responsible for maintaining the crafts’ orientation in space, which includes 
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keeping the high-gain antenna/dish pointed towards Earth.  The sensitivity of the 

dishes that receive data from the Voyagers is quite remarkable. 

The sensitivity of our deep-space tracking antennas located around 

the world is truly amazing. The antennas must capture Voyager 

information from a signal so weak that the power striking the 

antenna is only 10 exponent -16 watts (1 part in 10 quadrillion). A 

modern-day electronic digital watch operates at a power level 20 

billion times greater than this feeble level. (Voyager, NASA JPL) 

Instrumentation 

A craft like this cannot be sent into space without a purpose, and the 

instrumentation onboard represents that purpose.  There are ten instruments 

onboard each machine, ranging from cameras to spectrometers.  Each probe 

carries a pair cameras, a wide angle, low-resolution and a narrow-angle high 

resolution, each capable of 800x800 pixels of resolution.  There is a system of 

filters in front of the camera lenses.  (It is not widely published if at all, but this 

author suspects that they cameras are black and white only, due to color 

technology limitations and bandwidth limitations.  However, by using a series of 

filtered shots of varying wavelengths, they are able to make composite images 

that are as close to true color as we can get without sending somebody there 

with a Kodak.  This system would be similar to what they used on the Hubble 

Telescope several years later, before the technology for smaller color devices 

and higher-speed data transfers were possible.)  These cameras are responsible 
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for the astounding pictures we have received, some being the first good pictures 

we have of each planet.  

The cameras themselves 

are versions of the 

‘vidicon’ cameras which 

are similar to television 

cameras, and were also 

used by the Mariner 

probes.  (Voyager 

Program [wikipedia] & 

Evans, pgs 58-61) 

In addition to the cameras, a wide variety of electromagnetic sensors 

were available, in order to probe the atmospheres of the gas giants.  The 

Infrared Radiometer, Interferometer and Spectrometer, or IRIS System, using a 

half-meter Cassegrain telescope and an interferometer, combines three 

instruments into one.  It can be used as a sophisticated thermometer, a 

spectrometer, and as a radiometer.  Each of these functions produce scientifically 

important data about a planet’s atmosphere, surface, and even the sunlight 

reflected from a planet’s surface (which can hint at atmospheric composition as 

well). 

Also onboard is the UVS system, or the Ultraviolet spectrometer.  The UVS 

monitors and records the electromagnetic spectrum around the ultraviolet sector.  

Figure 0: Courteousy of the Voyager Cosmic Ray Subsystem 
homepage 
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It has been used for a variety of tasks such as spotting aurora and discovering 

chemicals in the atmosphere by way of absorption lines.  Both the UVS and the 

IRIS share a scan platform with a cosmic ray detector, a photopolarimeter, a 

plasma detector, and the cameras discussed above.  Each craft have their own 

extendable booms that mount a magnetometer.  This was necessary because the 

electrical current inside the crafts’ other systems creates its own magnetic field, 

which would have been counter-intuitive to the magnetometers’ goal.  Also 

protruding from the sides is a pair of antennas, mostly for radio astronomy, but 

they are used for plasma-wave detection as well.   

The  Mission 

 The Voyagers have been around for almost thirty years, and detailing 

their mission history would be a daunting task, and well outside the scope of this 

writing.  With that in mind, the high points of the missions are fair game.  

Launched in August (Voyager 2) and September (Voyager 1) of 1977, the probes 

sped towards Jupiter, their first destination, with Voyager 1 having a faster 

trajectory, allowing it to arrive first.   

Jupiter 

  Voyager 1 started its reconnaissance of Jupiter in January of 1979 and 

moved on in April, shortly before the arrival of its twin, who stuck around until 

August.  Major discoveries included new moons, volcanic activity on one moon, 

possible oceans (which have since been confirmed) on another, and even rings 

around Jupiter.  The volcanic activity on the moon Io surprised many scientists, 
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because the Pioneers, who flew by just 5 and 6 years before, didn’t detect it.  

The oceans the Voyagers detected on Europa have been the source of much 

speculation and research, especially as of late.  The possibilities of liquid water 

on Europa have sparked the idea that life in some form may exist beneath its 

thick icy crust.  Other discoveries included aurora in the polar regions, superbolts 

(high-atmosphere lightning), and the fact that Ganymede is larger than Saturn’s 

moon Titan, making it the largest in the solar system.  The scientific data 

provided by the probes have led to hundreds of new discoveries, and also 

hundreds of new questions.  This list has barely grazed the surface of what the 

Voyagers explained about Jupiter. 

Saturn 

 By the time the probes reached Saturn, they were nine months apart 

instead of the previous four.  This gap would not get any closer, since after this 

planet’s observation was complete Voyager 1 was to begin its drift towards the 

fringes of the solar system while Voyager 2 went on to Uranus and Neptune.  But 

while they observed Saturn, they discovered new moons, and compositions of 

the known moons were determined.  Much detail was learned about Saturn’s 

mysterious atmosphere and rings.  But just as with Jupiter, many more questions 

arose from the answers.  Also explored was Titan, Saturn’s largest moon and the 

second largest in the solar system.  This moon is of particular interest, not only 

because of its size, but because of its dense atmosphere.  Scientists speculate 

that the conditions on Titan are similar to conditions on Earth billions of years 
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ago.  The colder temperature of Titan could have resulted in a stifled 

atmospheric evolution, causing it to stagnate in its current form, but nobody is 

really sure.  It was also determined that Titan has no liquid metal core like Earth, 

and therefore no magnetic field of its own to deflect harmful radiation, this could 

not only contribute to the state of the atmosphere, but also stifle any life that 

could have formed.  (Voyager, NASA JPL) 

Uranus 

 Six years after its encounter with Saturn, Voyager 2 found Uranus.  During 

its transit, NASA engineers had been working feverishly and had managed to 

upload complete new commands for its onboard computer, squeezing every 

ounce of usefulness from its instruments and improve its effectiveness and 

capabilities in the dim light provided by the Sun at such a distance.  Voyager 2 

managed to spot ten new moons of Uranus, and did varying analysis on the five 

originally known moons.  The same can be said of the rings of Uranus, as the 

known rings were photographed and new ones were discovered.  It was also 

confirmed that Uranus has a magnetosphere, albeit a very odd one.  (Voyager, 

NASA JPL) 

Neptune 

 The final stop on Voyager 2’s tour of the solar system, Neptune is around 

three billion miles from the Sun and its orbital period is so long that it hasn’t 

made a complete trip around the sun since its discovery.  Voyager 2 spent three 

months observing Neptune, from June of 1989 until October of the same year, 
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and made several notable discoveries.  The Great Dark Spot on Neptune is 

analogous to the Great Red Spot on Jupiter.  They are near the same latitudes, 

and are relatively the same size (meaning if you scaled Jupiter down to 

Neptune’s size, the size of the spots would be similar).  The Spot contains the 

fastest winds in the solar system, blowing at nearly 1500 miles per hour.  Also 

discovered was a thin atmosphere on Triton, Neptune’s prominent moon, and 

volcanic activity of some form was observed.  In addition to Triton and the other 

known moon Nereid, six new moons were discovered.  Educated guesses from 

the descriptions and images of these moons point towards the probability of 

them being captured asteroids or other space-junk that approached too close to 

Neptune’s gravitational field.  Voyager also confirmed the existence of three full, 

but very thin, rings encircling Neptune.  They were believed to be only partial 

rings, or ‘ring arcs’ but Voyager confirmed that they do indeed go all the way 

around, putting rest to a dispute based on Earth-based observations of Neptune 

and its satellites and rings. 

Currently 

 Currently the Voyager’s remaining mission is to reach the Heliopause, and 

send back as much data about it as possible.  The Heliopause is arguably the 

edge of the solar system.  As the sun moves through our galaxy, it causes a 

tear-shaped deformation in the interstellar wind caused by its massive particle 

streams and magnetic fields.  The Heliopause is the boundary of that effect.  As 

particles streaming from the sun approach this boundary they begin to slow 
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down.  This deceleration is thought to be caused by drag induced by the 

interstellar wind, streams of ions and particles that inhabit the otherwise empty 

space.  The size of the Heliopause is not known, nor is many of its 

characteristics.  The scientists at NASA hope that the Voyagers’ journeys can 

answer some of their current  questions.   

Golden Record 

In what is arguably the most interesting part of the Voyager probes, to 

the public at least, is the Golden Record.  

While not the first of its kind, it is the most 

intriguing since the Voyager will probably 

be drifting long after the human race is 

extinct.  The original plaques, attached to 

Pioneers 10 and 11, were the sources of 

much scrutiny, especially from the Christian right in America.  The original 

plaques depicted images of nude human bodies, male and female, and an effort 

to show any beings that may have found it what we look like.  It also showed a 

clever way to locate our sun by showing several pulsars and giving their periods 

in binary coding. 

Since it appeared to the engineers that the Voyager probes were going to 

be the first man-made objects to leave our solar system, ahead of and faster 

than the Pioneer Probes, engineers decided to put more than a static plaque 

onboard the Voyagers.  Enter the Voyager Golden Records.  NASA’s idea with 

Figure 0:  Plaque attached to Pioneer Probes 
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this is that it will be a very long time before the Voyager reaches any other star 

(40,000 years, Voyager Golden Record, Wikipedia) and there will be no way, 

unless the other species has faster-than-light interstellar travel, to come visit us, 

that we should leave a record of our planet, its sights and sounds, to show 

whatever race exists that they are not alone, possibly solving one of their great 

mysteries if they are as inquisitive as humans.  Due to the size of the craft, and 

the fact that it will be one more piece of space debris by that time, the chance is 

small that it would ever be picked up. 

The physical records themselves are made of gold and copper, and 

encased in a protective aluminum covering.  Included with them is also a stylus 

and a cartridge for playback.  The data on the record was designed by Carl 

Sagan, Frank Drake, Anny Druyan, Timothy Ferris, Jon Lomberg, and Linda 

Salzman Sagan. (Evans, pg 242).  On the cover of the record is a “pulsar map,” 

to try and help other intelligent beings locate where we are in the galaxy, along 

with full instructions on how to playback the record and retrieve data from it.  

The actual disc is two-sided, one side containing greetings spoken in a variety of 

languages, and all of the 122 images of various Earth aspects, along with thirty 

minutes of music from various cultures.  The greetings are spoken in over 50 

languages, and the pictures include our planets, structure of human DNA, 

anatomical diagrams, various earth species of animals, and some of our more 

prominent geographical locations.  The other side of the disc contains the other 
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60 minutes of music, which ranges from aboriginal songs to Bach to Chuck Berry.   

(Evans, pg 244) 

Long evit y & t he  Fut ur e of  t he Voyagers 

 The future of the voyagers is currently being based solely on estimates.  

Nobody really knows for sure how much longer they will last, but the cumulative 

opinion seems to be around 10-15 more years.  That is how much longer the 

probes will be ‘alive,’ but that doesn’t mean we will be monitoring them for that 

amount of time.  Due to budget cuts across all government bodies, NASA has to 

scale back many programs, and outright eliminate quite a few.  The Hubble 

Space Telescope, Voyager probes, and even the Space Shuttles are on the 

agenda for possible retirement.  The DSN has slowly been split off to do other 

duties, and the time it has to deal with the increasingly weak and miniscule data 

transfers from the Voyagers is growing smaller.  Due to lowering power 

emissions from the RTGs, almost every subsystem has been shut down or is 

planned to be shut down soon.  The data-gathering capabilities of the Voyagers 

are at their bare minimum now, and will remain so indefinitely it would seem. 

 These threats and perils are not welcomed, because the Voyagers are still 

on the verge of going where no man has gone before, and where we will not be 

able to go again for quite a long time.  Granted, with new technology, and 

possibly radio relays launched into orbits of various planets, we could have more 

reliable, robust and long-term probes as far as the Voyagers in another 10-15 

years, but we are on the verge of the Heliopause right now, so very close that it 
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makes little sense to shut down a program whose current yearly budget is less 

than $4.5 Million. (Gugliotta) 

Conclusion 

 Finally, after being objective and detailed for so long, I am able to 

interject my ideas on the matter!  The Voyagers were never as popular as the 

famed Hubble Space Telescope, (perhaps because they didn’t have the serious 

malfunctions the Hubble did, but that’s a whole other paper).  However, within 

the science community, the probes will be recognized as having one of the most 

significant impacts on astronomy in our century, and possibly of a greater 

timeline, of that I am sure.  As it stands, the total cost of the Voyager mission to 

date is a little over $860 Million. (Voyager, NASA JPL)  This is almost as much as 

the original cost of the Grand Tour proposal and, in comparison, is a fraction of 

the daily interest on the national debt. 

 My interest in doing this paper was something of a coincidence.  I was 

becoming desperate for a topic and had returned to my astronomical roots, 

which had given me good results in the past.  While I was scouring the Internet, 

I was checking the news and stumbled across a recent article (Slashdot | NASA 

Proposes Ending Voyager) which spawned my interest.  After doing some 

checking and seeing what kind of information was available for me to work with, 

I knew I had found my topic.  While nothing can trump my work on the Hubble 

Telescope last year, this program, and the history that surrounds it intrigued me.  
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It is one of our older ventures, and it really is amazing that it has lasted this long 

considering the technology of the era in which it was built. 

 It saddens me to learn that, similarly to the Hubble’s as yet undetermined 

fate, budget cuts are possibly going to force a premature shutdown of the 

operations of the Voyagers.  While the data gathering and transmission 

capabilities of each craft are dwindling, I see no reason to cast it aside when it is 

possibly so very close to a huge new set of discoveries.  While there is no chance 

of the probes being recovered and put on public display, as I still feel should be 

the case for the Hubble, I would like to see the opportunity for privately funded 

space ventures to take over projects such as this.  As it stands now I see most of 

space exploration and travel being confined to the private sector.  I say this 

because it would appear that the United States feels it has done its part.  With 

the exception of our current president’s ill-advised and dim-witted wish to go to 

back to the Moon and then on to Mars within 20 years (when we can’t even get 

a shuttle off the ground today) seems not only far fetched but also ridiculous.  

To close with a personal note, this could well be the last paper I write of this 

variety, and I just wanted to say how much fun it has been doing my little series 

of astronomy-related theses and that I hope you have enjoyed them as much as 

I have. 
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