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INTRODUCTION

For eons, human kind have stared up at the heavens, pondering the question as to whether

humanity vessels on a ship of loneliness or whether there are many beings out there in the

vastness of the universe that are also pondering the same question and may accompany us on

our journey of existence.  Without  doubt, this  is  a question that appeals to many facets of

human society, be it science or religion. The discovery of the existence or non-existence of

intelligent life outside of Earth will provide support to prove and/or disprove fundamental

beliefs that have been held for millenniums, in any case it will serve as a corner stone for

humanity to make the quantum leap required to understand the purpose of our existence.

There  are  many prominent  search  efforts  on  the  way via  means  of  radio-astronomy and

spectroscopy,  some  well  know  ‘explorers’  are  the  SETI  (Search  for  ExtraTerrestrial

Intelligence)  Institute,  Planetary  Society,  SETI  League,  etc.  All  of  which  possessing  the

common  goal  of  making  ‘contact’  with  extraterrestrial  intelligence.  To  carry out  such  a

mission, science must obtain an understanding of the crucial factors that contributes to the

development of intelligent life. This saw to the birth of the Drake Equation.

WHAT IS THE DRAKE EQUATION?

The Drake Equation is a formula created by astronomer Frank Drake to estimate the number

of intelligent civilisations that are able to communicate with human within the milky-way

galaxy. Its formulation is based on the multiplication of many factors into one single product,

representing the estimate. These factors are:

N = R x fp x ne x fl x fi x fc x L1

1 Where:
 R represents how many stars are formed in the Milky Way galaxy on an annual basis.
 fp represents the fraction of stars that formed planets.
 ne represents the number of planets able to sustain life in each solar system.
 fl  represents the fraction of planets able to sustain life that actually develops life.
 fi  represents the fraction of planets that do bear life actually develops intelligent life.
 fc represents the fraction of planets that do bear intelligent life that are able to communicate their existence

across the universe.
 L represents  the  length of time (in years) that  these communicative intelligent civilisation(s)  remains

detectable.
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ESTIMATING THE VARIABLES

R – Rate of Star Formation

This variable  measures  the  annual  rate  of  star  formation. There are at  present  two major

theories in regards to galaxy evolution, the monolithic collapse scenario and the hierarchical

merging scenario. 

The monolithic collapse scenario prescribes that galaxies form in a large initial spurt of star

formation; which implies as time trickles onwards, the number of star formation dwindles.

The hierarchical merging scenario prescribes that  galaxy formation is  a slow and ongoing

process, implying that the number of stars are forming at an increasing rate. 

To obtain the evidence to prove or disprove the two school of thoughts, astronomers have

employed the usage of spectroscopy and radio astronomy techniques to obtain evidence to

suggest that rate of star formation actually increases over time. This is only logical, as star

formation occur within ‘giant molecular clouds’, because temperature tends to be lower within

these clouds, meaning the attraction force between matters are stronger than the forces pulling

them apart, creating a nursery for star formation. The more densely populated a given galaxy

is, the more likely it is for larger numbers of ‘giant molecular clouds’ to be present; thus, the

older a galaxy is, the more densely populated it will be, resulting in increasing rate of star

formation.  For  the  Milky  Way  galaxy,  the  estimate  been  provided  by  various

organisations/search groups for the variable R range from 1 to 20.

fp - Planet Formation

Traditionally, the only method of detecting extrasolar planets is by examining gravitational

effects that are being exerted on stars by examining its Doppler’s shift, this can then be used

to imply the existence of bodies, that is planets, which are exerting gravitational force on the

star. This method is inaccurate; however, it does provide a crude mean of determining the

presence of extrasolar planets, though, it must be noted that, it is only a mean of detection; it

provides no information towards discerning the composition of the planets.  

Visual  examination have traditionally been very difficult,  wrought by many problems, the

major problems are:

1. Fraunhofer diffraction: Planets tend to be muffled out by the glare emitted by the stars

they orbit.
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2. Distortion:  Issue of distance and the distortion that the Earth atmosphere causes when

making observations from Earth.

3. Glare: Where amounts of light reflects and or diffracts in a direction not intended by the

optical system designers resulting in the glaring of images.

However, with the launch of the Hubble Space Telescope (HST), these problems have been

resolved to some degree; astronomers are now,  in  limited  ways,  able to visually examine

extrasolar planets. This means humanity have taken the first step towards obtaining a valid

estimate  for  fp,  through  infrared  imaging  and  ground  and  space  based  observations,

astronomers  have  discovered  70  Jupiter  like  extrasolar  planets,  as  well  as  obtained

observations indicating that approximately half of the new born stars in the Orion Nebulae

region  is  surrounded  by protoplanetary discs2,  suggesting  that  in  time,  planets  will  form

around these stars. From this evidence, an estimate of approximately 0.5 can be made for fp.

ne – Earth-like Planets

ne is the number of ‘Earth-like’ planets that have the capacity to support life. It is a popular

belief amongst astronomers that for a planet to have a chance at being Earth like, it must

satisfy a set of fundamental criteria, as follow:

1. It must be in a ‘sweet-spot’ for life in regards to the distance between a planet and its

respective star; this is required for purpose of housing a planetary climate suitable for

life. For example, if a planet is too far away from its star, it may not received enough solar

energy to keep a suitable surface temperature; conversely, if a planet is too close to a star,

its surface temperature is likely to be much too high to sustain life.

2. Its orbit must not be eccentric, or overly elliptical, as these factors will result in a planet

in  experiencing abnormal  climate  patterns  in  comparison to  Earth,  thus  decreasing its

ability to support life.

3. Must contain  water and organic material.  Many scientist  believe that these materials

coupled with a warm core, and the above two factors is all that is needed for life to come

into being.

2 When stars are formed, for a limited time, the new born star will be orbited by a disc of material that did not fall
into the centre of gravitation to form part of the star, called a protoplanetary disc.  Protoplanetary discs are
volatile in nature, which means they are unstable and will have to disperse somehow. Most of the material within
the disc form planets that orbit the star (or stars, in a multiple star system); the rest is ‘blown’ away by the energy
created when the new born star is ignited. 
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Based  on  the  current  evidence  astronomers  have  of  extra-solar  planets,  it  seems  highly

unlikely for extrasolar  planets with the capacity to  support  life to exist.  Of the extrasolar

planets that were discovered, a large portion of them are enormous, Jupiter-like planets that

orbit very closely to their respective star. Of those that are more distant from their respective

stars, they possess very eccentric elliptical orbits, implying the presence of climate problems

discussed  above.  However,  it  must  be  noted  that,  at  present,  astronomers’  knowledge of

extrasolar planets are limited by technology and available observation techniques, which may

mean that results may be drawn from a bias sample, providing astronomers with a biased view

on the topic. Nonetheless, these evidences suggest that estimations for ne ranging from 0.02 to

0.2 are reasonable.

fl – Life Supporting Planets

The ability to  visually examine  the lights  emitted from the  planets  provided by the HST

allows  closer  examination  of  the  chemical  composition  of  the  planets  via  spectroscopy.

Assuming that  life elsewhere in  the universe  bears  some resemblance to  life  on Earth  in

regards to  reliance on particular types of chemicals to  survive,  then astronomers may use

spectroscopy to determine the viability of these planets for the sustenance of life. Because

Earth’s atmosphere has a unique signature of life, that is, the atmosphere of Earth is in a state

of  chemical  disequilibrium,  constituting  a  large  portion  of  free  oxygen;  the  only known

process  that  occurs  naturally  to  produce  this  state  is  the  sustenance  of  life.  Therefore,

concentrating  spectroscopy  efforts  on  such  chemical  disequilibrium  will  provide  better

understanding on the portion of planets that actually bear life. Applying this analysis to a large

enough sample, astronomers will have a firmer basis to provide educated guesses as to the

values of the variables fl, the fraction of planets that can sustain life, actually develop life. 

Further, it is of popular opinion that the formation of life is a relatively simple process given

the presence of building blocks (complex organic compound, amino acid and water), the main

reason for this believe is that life on Earth emerged 3.8 billion years ago, and Earth has only

been discovered to be approximately 4.55 billion years old, this means life has resided on

Earth for approximately 84% of Earth’s entire existence; this suggests given the presence of

the building blocks, life will form as soon as planetary conditions become suitable to support

it. Because this is so, it is with much confidence that many astronomers assigned the estimate

of 1 for the variable fl.

fi - Intelligent life
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This  variable  represents  the  fraction  of  planets  that  bears  life  which  actually  evolves

intelligent life (intelligence). This variable is highly controversial, due to its implications on

the issue of whether the evolution of intelligence was by chance or by natural selection. If it

was by chance, then it may very well not be replicated elsewhere. Given the scientific sample

and evidence scientists possess on this issue (i.e. sample size of 1, Earth), it may be too hasty

yet  for  humans  to  subscribe  to  the  ‘mediocrity  argument’,  that  is  humans  and  human

intelligence  are  not  special;  thus,  it  is  entirely  possible  that  scientific  searches  for  life

elsewhere is in vain and there is no intelligent beings out there in the vastness of space. 

If the evolution of intelligence was by natural selection, then the implication is that virtually

all planets that harbour life will eventually evolve intelligence, which places the estimate of fi

in the arrears of 1. Even assuming this is so, one fact that cannot be ignored is that intelligent

life took approximately 4.55 billion years to evolve on Earth, which means for a life bearing

planet  to  at  least  have  a  chance  of  evolving  intelligent  life  forms,  it  requires  a  stable

environment  lasting  for  a  very long  period  of  time;  thus,  the  following factors  beckons

consideration:

a) External, orbit stabilising elements: Earth is orbited by the moon, its presence exerts a

stabilising force on Earth’s axis  of rotation, preventing it  from being overly eccentric,

providing a stable climate on Earth3.  It  is rare for a planet of the size of the Earth to

possess such a large moon; this implies fi may be less than 1.

b) Plate tectonics: The presence of tectonic activities on Earth facilitates volcanic activities

to release carbon dioxide (CO2) into the atmosphere, keeping the fine balance between

snowball4 and greenhouse effect, maintaining Earth’s life friendly surface temperature.

Although there have been evidence that Mars once exhibited tectonic activities in its past,

there are no other planets within our solar system that displays tectonic activity. Further,

astronomers not yet possess the technology to study the geological structure of extrasolar

planets; thus the knowledge we possess about them is next to none. Given that Earth is

currently the only planet to exhibit tectonic activities in our solar system, it implies that it

is a rare ‘trait’ for a planet, suggesting fi is less than 1.

3 Over eccentricity will result in a planet to possess irregular climate patterns.
4 If this fine balance of CO2 volume in the atmosphere, Earth’s atmosphere will grow ever thinner and able to
keep less and less of the Sun’s warmth within the planet, leading to increase proportions of arctic climates,
creating adversity for the evolution of life, more importantly, the evolution of intelligent life. Because ice is more
reflective than materials such as water or soil, more of the Sun’s rays will be reflected out of Earth, further
increasing the development of arctic regions until Earth becomes a snowball.
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c) Locale of Earth’s solar system: Earth’s solar system is located in the outskirts of a spiral

arm in the Milky Way where star density is considerably lower than regions closer to the

centre; this fact greatly reduces the chance of collisions with other stars, which will no

doubt have dramatic effects on Earth’s suitability to evolve intelligence. This fact means fi

will vary for life harbouring planets depending on the locale of their solar system within

the galaxy in which they belong, suggesting that fi is less than one on average.

d) Arrangement of planets: Earth’s solar system is constructed with Jupiter orbiting the Sun

at a greater distance than that of Earth. Jupiter, being a gravitational giant, tends to attract

many meteors and comets, in effect shielding Earth from disastrous impacts from these

interstellar materials. This aids Earth in sustaining a stable climate and environment for a

long enough period to evolve intelligent life. Astronomers does not yet have the

technology to study the arrangement of other solar system in depth as of yet; therefore, this

factor is largely unknown. However, it does suggest fi is less than unity.

fc  - Communicating Intelligence

fc  represents  the  fraction  of  planets  that  does  bear  intelligent  life  forms  that  are  able  to

communicate their existence across the universe; this includes the broadcasting technology we

use  for  televisions  and  radio  which  also  travels  across  space.  This  variable  is  largely

speculative; astronomers can only draw on human instincts and the issues that were raised

when  the  question  of  broadcasting  interstellar  messages  is  posed.  Civilisations  with  the

capability may choose to shield their broadcastings from escaping into the universe or develop

methods of communication that circumvents the problem to prevent contact with aggressive

species, due to fear of invasion. Hence, the estimation for this variable has traditionally been

very small, ranging from 1 in 10 to 1 in 1000. 

L - Detectable Period

L represents the length of time (in years) that these communicative intelligent civilisation(s)

remains detectable. This variable is perhaps the greatest determinant of  N, as all the other

variables tend to cancel each other out to a very small value; thus, the longer a civilisation

remains detectable, the higher will be the estimate for  N. However, astronomers know very

little  of  this  variable,  a  couple  of  hypothetical  scenarios  may  exist  for  communicating

intelligent life:
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1. They  follow  a  path  of  war  and  destruction  and  hence  have  destroyed  themselves.

Therefore,  communications  mediums  will  be  destroyed  and  ‘signals’  such  as

radio/television broadcasting will cease to exist.

2. They  develop  technology  such  as  fibre  optics,  which  makes  current  methods  of

radio/television broadcasting obsolete, and thus will no longer exist for other species to

discover. Such a scenario is very likely, even with today’s technology, it is predicted that

within the 1000 years, Earth’s communication medium will rely mainly on fibre optics.

3. Major cometary impact or the death of their star wiping out their entire specie. 

Given  these  factors,  astronomers  have  estimated  this  factor  to  range  from  1,000  to

100,000,000 years. 

CONCLUSION

Even though the majority of the factors in the Drake Equation cannot be estimated with any

certainty due to technological limitations, there is no doubt that it is a major contribution to

the efforts of searching for a companion to accompany humanity in the journey of existence.

The  equation  provides  a  direction  in  the  development  of  technology  to  facilitate  the

exploration of these factors and provides the search for extraterrestrial efforts with vital signs

to focus on; hopefully, one day leading humanity’s search efforts to a fruitful end.
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