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In the summer of 2015, the New Horizons space probe flew past Pluto 

and its moon Charon and sent to the Earth unique photographs 

of these celestial bodies. Media published reports of this truly amazing 

event in modern astronautics under such headlines as “Unexpected 

Discoveries in Space” or “Scientists Say: ‘We Did Not Expect This to Happen’.”

Many readers and TV viewers must be thinking that scientists never know 

beforehand what exactly they will find when they send an interplanetary 

mission to Titan, Mars, Venus, or even the Moon. Of course, they must 

be thinking, scientists make some general predictions about certain conditions; 

otherwise, they could not design their space machines in principle, 

but reality always refutes their assumptions since genuine scientific 

discoveries are unpredictable. If they were predictable, why would one even 

call them ‘discoveries’?

This thinking has been in place for a while, and it is here to stay. But is this 

how things really are?

P. R. AMNUEL

T
he idea about the fundamental unpredictability of scientific discovery 
flourishes abundantly in the numerous articles and books on the essence 
of scientific creativity, with its roots going deep into the seemingly 
irrefutable experience of the many generations of scientists. How could 

Galileo have envisaged, when he was pointing his spyglass at the sky, that 
he would see mountains on the Moon and four satellites of Jupiter? How 
could Becquerel have foreseen what his forgetfulness would lead to when 
he accidentally left an undeveloped photographic plate next to radium salts? 
How could Mendel have known in advance the consequences of his experiments 
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Top: Artist’s concept of the New 

Horizons probe on its planned 

approach to Pluto and its moon 

Charon. Public Domain

Right: Pluto’s ice mountains 

and plains in a photograph 

transmitted by the probe 

on July 14, 2015. © NASA/Johns 

Hopkins University Applied Physics 

Laboratory/Southwest Research 

Institute

© P. R. Amnuel, 2022

HYPOTHESES AND FACTS • Astronomy

SCIENCE FIRST HAND    https://scfh.ru/en/papers/future-of-science-discoveries-expected-and-unexpectable/ June • 2022 • N 1 (60)June • 2022 • N 1 (60) https://scfh.ru/en/papers/future-of-science-discoveries-expected-and-unexpectable/    SCIENCE FIRST HAND



66 67

HYPOTHESES AND FACTS • Astronomy

SCIENCE FIRST HAND    https://scfh.ru/en/papers/future-of-science-discoveries-expected-and-unexpectable/ June • 2022 • N 1 (60)June • 2022 • N 1 (60) https://scfh.ru/en/papers/future-of-science-discoveries-expected-and-unexpectable/    SCIENCE FIRST HAND

This photographic plate, made by Henri Becquerel, 

demonstrates the effects of exposure to radioactivity, 

which the scientist accidentally discovered in 1896. 

Adapted from: (Becquerel, 1903). Public Domain

There are discoveries one could have 
foreseen. They came unpredicted, 
however, because scientists had not 
taken the pain to scrutinize the research 
field in its entirety. Let us call them 
discoveries of the second class. One such 
example is the discovery of pulsars 
in 1967 by Jocelyn Bell, back then 
a 24-year-old postgraduate student. 
Bell’s discovery came unexpected 
for many astrophysicists, but it was, 
nevertheless, quite predictable. 
The theory of neutron stars had been 
in place for three decades, and the fact 
that stars rotate, possess magnetic 
fields and are, therefore, capable 
of emitting narrow streams of particles 
could have been imagined without 
much effort (this is why scientists soon 
came up with a correct hypothesis 
about the nature of pulsars).

In the year of the discovery of pulsars, 
without knowing anything about them 
yet, we published an article together 
with Oktai Guseinov, the supervisor 
of my diploma thesis, on the capture 
of interstellar matter by a rotating 
magnetic neutron star. We wrote 
that the X-ray emission from such 
a star had to be periodic, with the 
period of emission being equal to the 

The discoverer of radioactivity Wilhelm von 

Röntgen (above) and a photo print of his 

1985 radiograph, which shows finger bones 

with a ring on one of the fingers (right). 

Collection gallery. © CC BY 4.0

Left: Monument to Luigi Galvani, 

one of the founders of the theory 

of electricity and electrophysiology, 

in Bologna (Italy). 

© CC BY-SA 2.0/ Michele Ursino

Top: An illustration of Galvani’s 

experiment on the contraction 

of leg muscles in a dissected frog. 

Adapted from: (Guillemin, 1882). 

Public Domain

with peas? The answer seems obvious: no one of them could have known 
anything in advance since science moves forward by unbeaten tracks. This 
is why it is so fascinating to engage in science –  you never know what discovery 
awaits around the bend…

There is a reason for this answer, but it only partly describes the real state 
of affairs. There are (still!) discoveries that are impossible, or at least extremely 
difficult, to predict. Let us call them discoveries of the first class. These include, 
for example, the above- mentioned discovery by Becquerel of the radioactivity 
phenomenon.

Until the end of the 19th century, physicists rest assured that light, whether 
it be particles or waves (there had been an ongoing debate on this subject 
since the time of Newton and Huygens), conformed to the laws of physics, and 
specifically to the law of addition of speeds. However, the 1881 experiment 
by the US physicist Albert Michelson revealed no difference in the speed of light 

in different directions. That result proved 
to be unpredictable. The speed of light 

did not obey the law of addition 
of speeds. This, too, was a discovery 
of the first class.

DISCOVERIES OF THE 1ST 
CLASS are impossible 
to foresee. Examples include 
the discovery of electricity 
by Luigi Galvani, 
radioactivity by Henri 
Becquerel, the constancy 
of the speed of light by Albert 
Michelson and Edward 
Morley, accelerated 
expansion of the Universe 
by Saul Perlmutter, Brian 
Schmidt, and Adam Rees

DISCOVERIES OF THE 2ND 
CLASS can be predicted. 
Examples are the discovery 
of X-rays, wave–particle 
duality, DNA structure, pulsars, 
and black holes
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Simulated black hole in front 

of the Large Magellanic Cloud. 

The gravitational lensing effect 

is shown, known as the Einstein 

ring, which creates a set 

of two bright and large yet highly 

distorted images. 

© CC BY-SA 2.5

Artist’s concept of a planet 

revolving around a pulsar, 

i. e., a stellar source of powerful 

periodic electromagnetic 

radiation. © NASA/JPL-Caltech. 

Public Domain

Rainy Day at Hotei Arcus (artist’s 

concept). The arc of Hotei 

is an arc-shaped high-albedo 

feature on Titan, the largest 

moon of Jupiter. © NASA/JPL

This system of seven exoplanets 

is known as TRAPPIST-1. Seven 

Earth-sized rocky worlds orbit 

an ultracold star 39 light-years 

from the Earth. Three of these 

planets are in the potentially 

habitable zone, i. e., at such 

an orbital distance that liquid 

water can exist on their surface. 

© NASA & JPL/Caltech

period of rotation. In fact, we predicted the existence 
of X-ray pulsars, which were discovered three years after 
our publication. That discovery also came unexpected for 
astrophysicists.

Discoveries of the third class are those predicted, 
but whose ultimate results could be different, to some 
extent, from the expectations.

These are, for example, the discoveries made during 
the landing of the Huygens space probe on Titan, a satellite 
of Saturn. Scientists had expected its atmosphere to be dense 
and saturated with methane, hadn’t they? Of course, they 
had –  and they had taken it into account when designing 
the spacecraft and calibrating the instruments. They could 
have expected methane rivers to flow across Titan’s surface, 
couldn’t they? Of course, they could –  and they avoided 
talking about them before the mission not because they 
could not foresee them but because they did not want 
to be accused of having too wild an imagination.

Another example is the discovery of dark matter. 
In the 1930s, the US astrophysicist Fritz Zwicky (I will 
talk more about him later) stumbled upon a bizarre 
fact –  some galaxies were rotating faster than they should 

DISCOVERIES OF THE 3RD CLASS 
were partly predicted. These include 
the discoveries made during the landing 
of Huygens on Titan; the discovery of dark 
matter by Fritz Zwicky and of dark energy 
by Albert Einstein; the discovery of a new 
planet in the Solar System by Michael Brown 
and Konstantin Batygin and the discoveries 
of exoplanets in multiple star systems
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DISCOVERIES OF THE THIRD CLASS: DARK ENERGY

In 1917, Einstein was analyzing his own gravity equations 
to discover that they had no stationary solutions in the case 
of the Universe. The Universe must either be expanding 
or contracting. However, Einstein trusted “facts” more than 
equations. Back then, scientists did not yet know about 
the expansion of galaxies, and the galaxies themselves 
were regarded as gas clusters. Moreover, the attitude 
of physicists to mathematics has changed noticeably since 
those days. In order to obtain stationary solutions, Einstein 
introduced a linear term into his equations, which he called 
the cosmological constant.
If we introduce such a constant into the equation, we indeed obtain 
a stationary solution of the gravity equations for the Universe. 
In the physical sense, this constant meant the existence of some 
kind of pressure that acted against the forces of gravity. 
However, in 1922, the Soviet mathematician Alexander Fridman 
also solved these equations and published an article where 

Using Einstein’s theory, Alexander Fridman developed 

a physicomathematical model of a world in a state 

of general expansion. Hubble’s law of velocity–distance 

proportionality follows directly from this model. Fridman’s 

cosmological model laid the theoretical groundwork 

of modern cosmology. 

Fridman’s portrait by M. M. Devyatov. Voeikov Main 

Geophysical Observatory (St. Petersburg)

have if their masses had been determined correctly 
(the masses were calculated from the luminosities, taking 
into account the distances to the galaxies). The galaxies 
turned out to be more massive than they were supposed 
to –  as if they possessed some extra invisible mass. 
The scientific community was skeptical about Zwicky’s 
paper and considered his result to be an observational 
error. In the 1970s, US astronomers published several more 
papers on this subject, but they went unnoticed. Only two 
decades later, the problem of invisible dark mass became 
generally recognized, when it came to determining the mass 
of the entire visible Universe rather than individual galaxies

Finally, there are the fourth- class discoveries, which are 
exactly as predicted. These discoveries emerge as corollaries 
from a theory proposed by someone to explain a previously 
discovered phenomenon.

Speaking about the aforementioned discovery of pul-
sars, when the first theoretical works appeared on the 
physics of their radiation, it was easy to predict the dis-
covery of neutron stars emitting in the optical and X-ray 
ranges. Both optical and X-ray pulsars were discovered 

In 1915–1917, an American astronomer Vesto Slipher discovered that galaxies were moving 

in space and the majority of them were running away from us. This conclusion followed 

from redshift observations in galaxy spectra, which could be interpreted as the long-known optical 

Doppler effect, which describes the change in the wavelength of light emitted by a source moving 

relative to the observer (below).

In 1929, Erwin Hubble discovered the law of recession of galaxies, which was later named after 

him. Hubble’s law ties the velocity of a galaxy (V) and the distance to it (R) by a simple ratio: 

V = H R. The proportionality coefficient H, or the Hubble constant, corresponds to an increase 

in the recession velocity by 60–75 km/s for each megaparsec of distance (top). 

Adapted from: (Cherepashchuk and Chernin, 2009)

Light wavelength Moving light source

mathematics was considered superior to “facts”. Fridman 
argued that the Universe must indeed be expanding. Einstein 
did not agree with the article, but in the late 1920s, the American 
scientist Edwin Hubble discovered the recession of galaxies 
and determined the approximate age of the Universe.
Hubble’s discovery came as a surprise to astrophysicists 
although it had actually been predicted a decade earlier. 
Einstein abandoned the cosmological constant, and since then 
the equations had long been solved without it. By the 1990s, 
scientists had been regarding the cosmological constant 
as a curiosity. But right at that time, it was discovered 
that the Universe was not merely expanding – it was doing 
so at an accelerated rate, contrary to Einstein’s equations. 
This is why scientists had to introduce some kind of energy 
that pushes the Universe apart. In fact, this is the return of that 
same cosmological constant
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“Prediction is the acme of scientific work. It unravels 

for us the vistas of future phenomena” (Nikolay Umov)

several years later, which fully confirmed the conclusions 
of the theorists.

In 1965, Penzias and Wilson accidentally discovered 
background microwave radiation, thus proving that 
the Universe emerged in the Big Bang. In 1978, they 
received the Nobel Prize although they had only 
corroborated the result published by Gamow, Alpher, 
and Herman back in 1948.

A similar story happened with the discovery of the Higgs 
boson. The British physicist Peter Higgs published 
in the 1960s an article where he described an elementary 
particle whose existence explains the origin of the mass 
of particles. In 2012, this particle was discovered 
in experiments at the Large Hadron Collider, and 
its properties turned out to be exactly as predicted 
by the theory.

Modern astronomers believe that the expansion 

of the Universe is governed by both the force of gravity, 

which slows it down, and the mysterious dark energy, 

which acts in the opposite direction. They believe 

that dark energy is “pushing the cosmos apart” ever 

faster, thus accelerating the expansion of the Universe. 

Gravity is inherent in all matter, but its effects manifest 

themselves locally, diminishing rapidly over long 

distances. The purple grid in the figure indicates dark 

energy; the green one represents gravity. 

© NASA/JPL-Caltech

DISCOVERIES OF THE THIRD CLASS: 
PLUTO AND THE MAJESTIC POWER 
OF FORTUITY

The history of the discovery of Pluto 
began when Urbain Le Verrier had 
discovered Neptune with “the point 
of his pen,” as François Arago, 
the director of the Paris Observatory, 
aptly said. The Frenchman Le Verrier and, 
independently of him, the Englishman 
John  Couch  Adams ca lcu la ted 
the celestial position of a planet whose 
gravity perturbed the motion of Uranus. 
Precisely at that point, astronomers 
discovered Neptune.
However, the gravity of Neptune could 
not fully explain all the anomalies 
in the motion of Uranus. This is why 
scientists came up with a hypothesis 
about the existence of another planet 
beyond the orbit of Neptune. In 1915, 
Percival Lowell, the founder of Lowell 
Observatory, completed his calculations 
and reported at a meeting of the American 
Academy of Arts and Sciences on where 
to look for Planet X. After a thorough 
search, the planet was discovered 
on March 13, 1930 by Clyde Tombaugh, 
an observer at Lowell Observatory, 
exactly where Lowell predicted.
However, when Pluto’s mass was 
measured, it proved to be less than 
Lowell’s estimate (the difference was 
so large that in 2006 Pluto was denied 
the right to be called a planet; now 
it is a dwarf planet). Pluto was moving 
in a completely different orbit than 
the one calculated for it. The calculations 
were formally correct; the error lied 
in the initial conditions because Lowell 
used the wrong mass. Nevertheless, 
Pluto was found where it was predicted. 
Scientists had to admit that discovery 
was an incredible event in terms 
of probabilities. Pluto fortuitously 
happened to be in the sky close 
to the point calculated by the scientist!

Two black holes merge into one. 

© Simulating eXtreme Spacetimes 

(SXS) project

The “energy cocktail” 

of the modern Universe has a lot 

of dark ingredients. Adapted from: 

(Cherepashchuk and Chernin, 2009)

Visible matter 5 %

Dark energy 70 %

Dark matter 25 %

Radiation < 0,1 %

DISCOVERIES OF THE 4TH CLASS 
had been predicted. Examples are the discovery 
of background radiation, X-ray pulsars, 
the curvature of light rays near the Sun, 
gravitational radiation from the mergers of black 
holes, quantum entanglement, Higgs boson
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Zwicky’s method 
of directed intuition
So, it follows from the above that not all discoveries are 

unpredictable. On the contrary, most of them not only could 
but also should have been predicted.

No theory exists yet about how to predict discoveries, 
but researchers can apply some rules-of-thumb in order 
to foresee, to some extent, the outcome of their experimental 
or theoretical work. These rules have been established 
and described, e. g., the use of morphological analysis 
to scrutinize all conceivable implications of a theory being 
proposed.

In the early 1930s, Zwicky came up with a morphological 
method, which he called the method of directed intuition. 
This method forces the researcher to see not only 
the habitual path but also all possible options. Zwicky 
suggested the researcher should take a sheet of paper and 
draw a morphological table where one axis represents 
the main parameters of the future theory (mechanism, 
structure, or phenomenon) and the other one represents 
the possible values of these parameters.

a characteristic size several hundred times smaller than the previous one. What 
is this, a star several kilometers in size?! The first thing I want to say, ‘That’s 
impossible!’ But we must make ourselves forget this word. Let it be possible. 
What is this star? Let’s calculate its density. Divide a mass equal to the solar 
mass by the volume of a sphere of one-kilometer radius. We get an incredible 
value: a hundred billion tons in one cubic centimeter!

“Ordinary matter of atomic nuclei and electrons cannot exist at such a density. 
Electric repulsive forces do not allow it. We need neutral particles. We know 
them: these are neutrons. The star is made of neutrons tightly pressed together. 
But in order to compress a star to such a huge density –  our psychological inertia 
objects –  it is necessary to do an enormous amount of work against the forces 
of gravity, to compensate for the potential energy of gravity. For a neutron star, 
this potential energy is about 1053 erg. But… exactly this energy is released 

In 1933, the Swiss–American 

astronomer Fritz Zwicky, who was 

studying the Coma cluster of galaxies 

in the Coma Berenices constellation, 

noticed that the galaxies were 

rotating “improperly”. He suggested 

that apart from the visible matter 

of galaxies, invisible masses also 

exist in the Universe, which manifest 

themselves by gravity only. 

This is how he predicted 

the existence of dark matter. 

Photo of 1947. Public Domain

Below: Example of Zwicky’s 

morphological table

Rubin’s spiral galaxy, one of the largest known galaxies 

to date, stretches 2.5 times wider than the Milky Way 

and contains an order of magnitude more stars. 

© CC BY 2.0/ NASA, ESA, and B. Holwerda (University 

of Louisville)

Schematic concept of massive star-forming rotating disk 

galaxies in the early Universe (left) and today (right). 

In the early Universe, these galaxies were less affected 

by dark matter as it was less concentrated. As a result, 

the outer parts of distant galaxies rotate more slowly 

than comparable regions of galaxies in the local Universe. 

© CC BY4.0/ESO/L. Calçada

Much later, he wrote about that in his book Morphological 
Astronomy, published in 1957. In 1971, Zwicky visited 
Moscow and gave a lecture at Moscow State University, 
where he spoke about the discovery of neutron stars:

“As the main parameter for one of the axes of the 
morphological box, I took the characteristic size of a star. 
This size is a combination of the world constants: the Planck 
constant, gravitational constant, speed of light, proton 
mass, electron mass and charge. Let’s assume the largest 
possible combination relates to giant stars. The second 
largest combination of the constants is twenty times 
smaller. Let’s assume it relates to dwarf stars such as our 
Sun. The next characteristic size is smaller by another three 
orders of magnitude. On a stellar scale, it relates to the size 
of white dwarfs, about ten thousand kilometers.

“As a rule, researchers stop right here. But let’s put aside 
the inertia. We need to get rid of the psychological inertia 
in our ideas about the size of stars. So, we overcome ourselves 
and move on. The next combination of the constants gives 

This well-known anecdote is a great 
example of how psychological inertia 
may hinder one’s ability to see all 
possible variants of a phenomenon:
The famous German microbiologist 
Robert Koch was busy working in his 
laboratory near a vessel shrouded 
in steam and smoke. His assistant 
entered the room.
“Could you guess,” Koch asked him, 
“what’s being cooked here?”
The assistant named all the bacteria 
he knew, but Koch kept shaking 
his head. When the assistant gave up, 
Koch exclaimed laughingly:
“Those are sausages!”
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Parametric products

Parametric alternatives

1 2 3 4 Other

A. Material Clay Metal Plastic Utilized waste

B. Forming process Molding Casting Pressing

C. Attachment process Heating Chemical Molecular

D. Special qualities Soundproof
Thermal 

insulation
Elasticity Aestheticism 

E. Shape Rectangular Spherical Coupled blocks Cubic
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Luminiferous aether

Earth 
(spring)

Earth 
(fall)

Sun

German scientist, astronomer, optician, mathematician 

and mechanic Johannes Kepler, who discovered the laws 

of motion of the Solar System planets. Line engraving 

by N. Dietz. © CC BY 4.0/ Wellcome Collection gallery

in a supernova explosion! Here is the solution. Yes, 
neutron stars can exist. Moreover, no other stars except 
neutron ones (giants, ordinary and white dwarfs) can 
explain such a huge release of energy in a burst.

“Fine. Now we can stop and think again over this 
idea, which we have obtained by the method of directed 
intuition. But… have we filled all the cells? No, there 
is yet another characteristic size, another combination 
of the world constants, eighteen orders of magnitude 
smaller than the previous one! This size relates to a star 
with a radius of… 10–13 cm. The size of an electron. 
A star compressed almost to a point. Can we possibly 
call such objects stars? If they are stars, they are truly 
infernal ones…”

This was the first application of morphological 
analysis. Even a simplest box containing only one axis 
yielded two correct predictions. Two discoveries. But 
what if Zwicky and his colleague Baade had acted 
by trial-and-error?

A great example of combining trial-and-error with 
psychological inertia is Kepler’s law, i. e., the planets 
move in ellipses, with the Sun at one of the foci 
of the ellipse. A German mathematician, astronomer, 
and mechanic, born in the second half of the 16th 
century, Kepler was an immensely hardworking 
man and one of the most outstanding minds of his 
time. Back then, it took a man a lot of courage 

It took Kepler time and effort to get on the right 
track. It is unlikely that anyone in his place would have 
abandoned the idea of circles and would have dared 
to search in a different direction. Until the end of his 
life, Galileo did not accept Kepler’s idea that the planets’ 
orbits differ from the circle! But Kepler nevertheless 
overstepped the internal prohibition. If he had known the 
morphological method, he would have constructed an axis 
of possible geometric shapes with no angles, which would 
have included an ellipse. But Kepler tried and, of course, 
committed an error. At first, he decided that the planets 
move around the Sun in egg-like ovals. Only after realizing 
that he had made another mistake, he paid attention to the 
ellipse.

Could morphological analysis have predicted 
the discovery made in 1881 by Michelson? Let’s construct 
a morphological table for light as an object. Michelson 
was specifically interested in the speed of an electro-
magnetic wave. He could, in fact, have drawn this single 
axis. Here are the options –  the speed of light in a given 
reference frame is either constant or variable. But there 

to be a supporter of Copernicus. Yes, Kepler was brave, 
but he could not renounce the inertia that arose from his 
aesthetic ideas about nature. Nature, as Kepler believed, 
seeks harmony (more precisely, God, who created nature, 
made it harmonious –  that is beyond doubt). Therefore, 
the planets must also revolve around the Sun in circles, 
the most harmonious of all shapes.

Kepler could not step aside from this idea for years. 
Describing planetary orbits, he searched through all 
possible combinations of circles and spheres. But he did not 
obtain an agreement with the observations and realized that 
no combination of circles could explain the discrepancy 
of 8 arc minutes between the predicted and observed 
motion of Mars.

American physicist Albert Michelson (1907 Nobel 

Prize in Physics). Photo of 1918. Public Domain

are two reference frames here, one of which Michelson 
associated with the Earth and the other with the 
hypothetical ether. What options arise? The speed of light 
is different in the two frames of reference; it is the same 
in both frames; it is variable in one frame and constant 
in the other; it is variable in both frames. There are no other 
options. Among the options listed, you do see the result 
of Michelson’s experiment, i. e., the speed of light is the same 
in both frames of reference.

The options in real-life problems are not two or three 
in number; there are tens, even hundreds, of them, and 
sorting through them, even systematically, may take a lot 
of time and effort. Lastly, one cannot know in advance 
which particular cell of the morphological table contains 
the target prediction. The six fundamentally possible 
results of Michelson’s experiment could be foreseen 
through morphological analysis. Only one of the six options 
could be true, and it proved to be. But could Michelson say 
in advance which one?

Morphological analysis in its current form is only 
the first attempt at systematization. The main disadvantage 
of the method is that it leaves the selection of the right idea 
to chance. In order to find the right solution, you need 
to look through all the cells.

There is more to it. Of course, constructing morphological 
tables unchains one’s imagination and loosens psychological 
inertia, but not by much. In any case, there is no guarantee 
that the entire field of trial and error will not be covered by 
a network of cells. True, the researcher no longer has to rush 
around chaotically, grabbing at the nearest solution and 
exclaiming, “What if!” Nevertheless, even if the researcher 
has sorted through the options systematically, he or she may 
still let the goldfish, i. e., the discovery, slip through the net, 
because the latter is shorter and narrower than it should be.

Nevertheless, morphological analysis allowed Zwicky 
to predict the discovery of neutron stars and black 
holes. A similar analysis allowed me in 1971 to predict 
the discovery of background gravitational waves. At that 
time, the Big Bang theory had not appeared yet, and only 
a few years had passed since the discovery of the cosmic 
microwave background radiation (a second- class discovery). 
The question arose: Is electromagnetic radiation the only 
type of radiation that could have arisen in the first years 
after the Big Bang? The morphological box in this case 
is very small, i. e., only one axis.

Here is a quote from my article published in the journal 
Znanie –  sila (‘Knowledge Is Power’) in 1971: “Let us draw 
up the axis of the possible emitters. Let us put the Universe 
first. Yes, at an early stage of development, the superdense 
body of the Universe could have been emitting gravitational 
waves. Now these waves have stretched over many 
parsecs. And here is another prediction –  we will discover 
BACKGROUND gravitational radiation, whose source was 
the Universe in the early periods of expansion.”

Above is an illustration of Michelson and Morley’s 

experiment (1887) in search of evidence 

for the existence of a luminiferous aether penetrating 

space. The experiment compared the speed of light 

in perpendicular directions in an attempt to detect 

the relative motion of matter through the still aether. 

© GNU Free Documentation License
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In reality, the Soviet physicist Leonid Grishchuk was 
the first to write (in 1977) about the possibility of existence 
of background gravitational waves.

Altshuller’s method 
of fantograms
Another method for predicting scientific discoveries, 

i. e., the so-called fantogram method (a development 
of morphological analysis), was proposed by the Soviet 
science fiction writer and inventor Genrikh Altshuller, 
the author of TRIZ (Theory of Inventive Problem Solving).

The fantogram is a morphological table supplemented 
by an axis of parameter changes. Morphological analysis 
allows one to generalize and systematize everything one 
knows about plants. Or about neutron stars. Or stars 
in general. A fantogram also describes what is possible but 
has not been realized. It also describes what does not exist 
in reality but emerges in imagination. And sometimes even 
what is difficult to imagine.

TRIZ recommends using fantograms to develop creative 
imagination. But the scientist’s subconscious mind has 
long mastered this method. The fantogram cells –  is it not 
them that the scientist sees in a dream or on a walk, when 
he or she does not seem to be thinking about the problem 
at all? Isn’t that why the solutions that arise at the most 
unexpected times are so paradoxical and so very often 
absolutely correct?

In 1956, Genrikh Altshuller and Rafael Shapiro published 

the article “On the Psychology of Inventive Creativity,” 

which marked the beginning in the history of the Theory 

of Inventive Problem Solving (TRIZ). 

© CC0 1.0 Universal Public Domain Dedication

We have a contradiction between observation and 
interpretation. Zwicky changed the interpretation 
and predicted the discovery of neutron stars.

E
instein did not use morphological analysis; before 
he formulated the principle of equivalence, he did 
not publish a single erroneous work on the theory 
of gravity.

The end of the 19th and beginning of the 20th century 
saw many hypotheses proposed to save Newton’s theory 
of gravity. There were plenty of errors. Einstein set out 
to solve this problem and found a grain of truth. Did he find 
it straightaway? No, he did not. His discovery was preceded 
by years of reflection on the problem of gravity. By years 
of mental trials. And errors, of course.

Neutron star is a compressed core of a massive star 

that exploded in a supernova. The “packing” density 

of matter in neutron stars is huge – the mass of a star 

only 20 km in diameter is 1.5 solar masses. 

The existence of these stars was predicted by Zwicky, 

who used his morphological method of directed intuition.

Top: Animation of PIA18845, a neutron star and pulsar, 

emitting rotating X-ray beams. © NASA/JPL-Caltech

This 15-m horn–reflector antenna 

(built in 1959) in Holmdel, 

New Jersey (USA) was used 

for satellite communications 

and as a radio telescope 

by the Bell Laboratories. In 1964, 

radio astronomers Robert Wilson 

and Arno Penzias discovered 

with it the cosmic microwave 

background radiation, the source 

of which is beyond our Galaxy. 

For the discovery of the cosmic 

microwave background radiation, 

which became the proof 

of the Big Bang theory, 

the scientists were awarded 

the Nobel Prize in Physics 

in 1978. In 1988, Holmdel Horn 

Antenna was given the status 

of a national historical monument 

in the United States. 

NASA. Public Domain  

The goal, however, is not to wait for an insight but to con-
sciously change by known techniques the object of research, 
the law of nature, the phenomenon, the proof. As a rule, 
the same psychological inertia cuts in. The fantogram 
is a mixture of the real and the fantastic, and what scientist 
would choose to rely upon a fantastic idea rather than 
a proven logical scheme?

Recall Zwicky. He found neutron stars in his morphological 
table. In fact, it was one of the cells in a fantogram. Zwicky 
took one of the properties of a star –  its size –  and used 
the reduction technique.

However, one does not need to change all the cells 
in the morphological box, only those ones that create 
a contradiction. To find a contradiction means to set 
a scientific problem. To use a fantogram means to bring 
the solution much closer.

After all, Zwicky was changing not an arbitrary parameter 
of the star but the one containing a contradiction. 
A supernova explosion requires energy. An ordinary star 
does not have that energy. Here lies the contradiction; i. e., 
there is energy for supernova explosions (we see the bursts!) 
but not in ordinary stars. To resolve the contradiction, 
we need to know what energy goes into the energy 
of the burst. Gravitational energy, as Zwicky suggested. 
The gravitational energy of a star depends on its size. Then, 
the initial contradiction transforms into the following one: 
colossal gravitational energy is released in a supernova 
explosion (we see the burst), but there is no such energy 
in an ordinary star (the size is too large).
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The process of thinking resembles an iceberg, and 
the wiser the scientist, the deeper the underwater portion 
of that iceberg goes. What stays above the water –  what 
the scientist himself calls the work of thought –  is the work 
of the conscious mind. But deep down under the surface, 
secretly from everyone and even from the scientist 
himself, unconscious work is underway, i. e., subconscious 
enumeration of options or an unconscious process of solving 
the problem.

Psychological inertia, which we have not yet learned 
to overcome, does not allow our conscious mind to go crazy 
and keeps it within the boundaries of common sense. This 
is why it is so difficult for our mind to find a solution, which 
often looks impossible. It seems that the subconscious mind 
does not have this brake lever. It just plays with distant 
associations, with incredible allegories and analogies, 
and then a sudden association or analogy strikes into this 
invisible subconscious game and prompts a solution.

This is why insights so frequently arrive “in a dream” 
or “on a walk.” The illogicality of dreams has nothing 
to do with the logic of science. This is what distinguishes 
a brilliant idea from an ordinary one. Only later, having 
found the right solution, which has popped up as if from 
nowhere, you can build a bridge of logic, a road from the old 
idea to the new one. The subconscious mind tries different 
options, and the intuition selects the right one. The role 

Outstanding scientists of the 20th century. Left to right: 

astronomer Walter Sydney Adams; physicist Albert 

Michelson (Nobel Prize in Physics); mathematician 

Walther Mayer, Einstein’s assistant (“Einstein’s 

calculator”); physicist Albert Einstein (Nobel Prize 

in Physics); historian Max Farrand; physicist Robert 

Andrews Millikan (Nobel Prize in Physics). 1931. 

© Smithsonian Institution

of intuition lies with the choice, but in order to choose, you 
first need to have something to choose from.

Therefore, when we talk about Einstein, we do not refute 
the trial and error method. We stress the yet unexplored 
role of the subconscious mind.

The subconscious work is hidden from view, and the 
scientist himself often believes that he simply guessed 
the right law. The very method of predicting laws boils 
down to guessing correctly. The famous American physicist 
Richard Feynman wrote: “The method of guessing 
the equation seems to be a pretty effective way of guessing 
new laws.” And then he explained his thought: “In general 
we look for a new law by the following process. First 
we guess it… To guess what to keep and what to throw 
away takes considerable skill. Actually, it probably is merely 
a matter of luck. But it looks like it takes considerable skill.”

A weird thing to say, isn’t it? To say that new laws 
need to be guessed is to say that everything is decided 

by a lottery. If you do not guess, someone else will. If you 
try and fail, someone else will try too and hit the mark. Why 
then does a genius hit the mark more often?

We need to try and grope for a system. Morphological 
analysis is the first step towards the methodology 
of discoveries and scientific inventions. It allows you 
to consciously do what the subconscious mind usually 
does. But there must be some other method of choice! 
The subconscious is the source of the most interesting 
and promising ideas, which “emerge” from it. These ideas 
are often true. How can one consciously select such ideas 
from the morphological box? How can one consciously 
find the right idea from a much larger number of cells 
in a fantogram?

For inventions (including those related to science), this 
problem is now successfully solved by TRIZ. Its methods 
also help inventors make discoveries, but only those 
of the fourth and third class. For such discoveries, TRIZ 
offers a well-developed “research field,” i. e., the cells 
of morphological boxes and fantograms.

The situation with discoveries of the first and second class 
is much more difficult. To make such a discovery, a scientist 
must have an extremely developed creative imagination 
and a lack of psychological inertia. The methodology 
for developing creative fantasy exists and shows good 
results. But that is another story and a topic for another 
article.

One of the most 

impressive 

events 

in the universe – 

two neutron 

stars collide 

and merge 

to form a black 

hole. Computer 

simulation. 

© NASA 

Goddard
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