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Abstract: This paper considers the possibility that abstract thinking and advanced synthesis skills
might be selection criteria for extraterrestrial civilizations to accept communication with mankind on
Earth. For this purpose, a notation not relying upon the use of alphabet and numbers is proposed, in
order to denote just some basic structures of current physical theories: vector fields, 1-form fields, and
tensor fields of arbitrary order. An advanced civilization might appreciate the way here proposed to
achieve a concise description of electromagnetism and general relativity, and hence it might accept
the challenge of responding to our signals. The abstract symbols introduced in this paper to describe
the basic structures of physical theories are encoded into black and white bitmap images that can be
easily converted into short bit sequences and modulated on a carrier wave for radio transmission.

Keywords: physics; geometry; interstellar communication

1. Introduction

The modern theories of fundamental interactions have developed powerful tools for addressing
some outstanding problems, i.e., what is the ultimate nature of gravity, and how to achieve unification
of all fundamental interactions and guiding principles of physics. At a deeper level, however, yet
another problem arises, i.e., how to develop a language which is universally understood by the
scientific community. This is not a purely formal issue. For example, since the language of physics is
mathematics, we might consider the question: if we use alphabets in order to express physical laws in
mathematical form, what tells us that X is a vector field, rather than a topological space, or a point of
a metric space, or a 1-form field? At present, several authors find a way out by using the so-called
abstract indices, e.g., X* for vector fields, but this does not truly solve the problem, because it needs
a second family of symbols taken from the alphabet, and on our planet no unique alphabet exists.
Moreover, upstairs Latin indices are also used to denote families of 1-form fields, e.g., the tetrads
e’ =), % dx¥, nor can we distinguish between a vector and a vector field unless we introduce for the
former a letter to denote the point p at which the vector is considered. Hence one writes X, for the
vector, and X for the vector field, which consists of a smooth (of class C* or less) assignment of X, as p
is varying on the manifold of interest. Thus, unless we use twice the alphabet, no clear understanding
of our notation is available, even though we refrain us completely from using coordinate descriptions.

At this stage, this seems to be just a well motivated but minor issue for modern science. However,
if we consider the open problem of CETI, i.e., communication with extra-terrestrial intelligence, the
associated perspective changes completely. So far, mankind has sent signals that contain a synthesis of
our current understanding of biology, chemistry and physics. The lack of reply suggests considering,
in our opinion, the following question: if an advanced extraterrestrial civilization receives sequences of
signals from various parts of the Universe, but has no time to work hard on all of them, what features
would convince them to select our own signals from the Earth? In our opinion, the more advanced
they are, the more they would prefer to detect clear indication of original thinking in outlining the
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basic structures of the concepts we use, rather than the detailed operations that we perform upon
them.

Our proposal is an abstract and simple notation, here called Physics Lingo, that serves as a
bridge, connecting the abstract language of physics with the universal power of visual imagery. Rather
than relying solely on traditional mathematical symbols and equations, Physics Lingo harnesses the
expressive capacity of images by offering a unique perspective on transforming physical concept and
theories into tangible visual representations. At the core of Physics Lingo lies the concept of encoding
physics principles and theories, represented by abstract symbols, into digital bitmap images. Each
bitmap image conveys specific meanings and forms the foundation for a visual language that can
transcend linguistic barriers and communicate the richness of physics across the cosmos. The beauty
of Physics Lingo lies not only in its ability to encode complex physics concepts, but also in its potential
to serve as a means of extra-terrestrial interstellar communication. As we seek to establish contact with
intelligent beings from distant star systems, the simplicity and universality of the bitmap images offer
a promising platform for communication.

Section 2 describes the special notation without alphabet that we propose, while some key aspects
of interstellar communication are discussed in Section 3, and Section 4 studies the transmission
technique. Concluding remarks are presented in Section 5.

2. Physics Lingo: A Language for Cosmic Dialogue

The first non-trivial problem is: which branch of mathematics do we want to describe in the
original synthesis of the structures and concepts that we use in our research and our teaching? As far
as we can see, the basic geometric objects provide a good candidate in this respect. Our prescriptions
are as follows.

i) Tangent vectors: rather than writing X, for the tangent vector at p € M, which is an element of the
g g 4Ap g p

tangent space T, (M), we write ( )T@ where the empty space within square brackets is a substitute for

X, the dot downstairs is a substitute for the point p, and the arrow upstairs distinguishes a vector from
its dual concept of 1-form or covector. We are therefore introducing a substitution map

Xp— ()} (1)

(if) Vector fields: in this case, our substitution map acts according to

X— () ¢)

(iii) 1-forms: we require that
wp — ( )é 3)

where the arrow downstairs denotes the concept dual to the one in item (i).

(iv) 1-form fields: we write
w — ( ) 1 (4)

where the dot has disappeared, as is the case in Equation (2), since we are dealing with a smooth
assignment of 1-form as the point p is varying on the manifold M.

(v) Tensor fields: a tensor field of type (2,3) takes the form

U ©)
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and, in particular, the Riemann curvature tensor, which is of type (1,3), can be denoted by

() ©)

(vi) The spacetime manifold (M, g), one of the great achievements of Einstein, can be expressed in the

form
(C0w)- @)

(vii) Vacuum Maxwell theory in curved spacetime can be described by the potential 1-form field A, its
gauge curvature 2-form field F = d A, and the Hertz [1,2] 2-form P such that

0P =*xdx P = A.

The simple but non-trivial triplet
(P,A=0P,F =dA) (8)

can be represented in the form
(o O Cu ©)

which, for the educated reader relevant for the CETI program, is enough for him/her to understand
that this is a shorthand notation for the content of Equation (8).

(viii) Tensor affinities are unfortunately denoted in the literature in the same way as tensor components,
even though they do not transform in a homogeneous way under diffeomorphisms. Within our concise
language, we propose instead to denote them in the form

()7n (10)

The educated reader should understand that the resulting objects resemble tensor components, but do
not transform tensorially under diffeomorphisms. Only arrows are appropriate for visual description of
tensorial behaviour.

3. Some Peculiar Features of Interstellar Communication

When talking about interstellar communication, the general reader should bear in mind that,
apart from the Pioneer plaques and Voyager records, every interstellar message has used microwave
frequencies as the communication medium. Attention is restricted to a relatively narrow band, ranging
from about 1 GHz to 10 GHz. This is said to be the microwave window, because it is one of the few
regions of the electromagnetic spectrum that is unimpeded by Earth’s atmospheric gases [3]. The
radio signals that we send have to travel through energy-absorbing clouds of interstellar dust and
gas, hence they will be quite faint by the time they arrive at their destination. The probability that
a message from Earth is detected is very low, because of the large number of possible frequencies
to broadcast on. An alternative to microwave signals consists of optical communication based upon
laser transmission, which however has a far higher energy requirement. Moreover, optical telescopes
also require sophisticated equipment adaptations in order to make them capable of transmitting laser
signals. Other important issues are the choice of wavelengths at which we should search for signals
from extraterrestrial intelligence [4], and the estimate of mean number of radio signals crossing the
Earth [5].

4. Encoding and Transmitting Physics Words

This section focuses on realizing digital signals that enable the receiver to build the simple images
described by Equations (1)—(7) and (9). For this purpose, we leverage the bitmap representation, that
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has gained significant attention due to its simplicity and efficiency in data storage and transmission.
Several studies focused on such a representation of digital images, by underlying its applicability
to different fields (e.g., medicine [6], astronomy [7], document analysis [8]) and providing useful
instruments to improve representation quality [9] or processing capabilities [10].

The bitmap representation of a black and white image subdivides the image in a fixed number
of points (i.e., into a grid of small squares called pixels) and associates to each point or pixel a value
that is either black or white. Each pixel is then assigned a binary value, where 1 represents black
and 0 represents white. Figure 1 shows how the symbols reported in Equations (1)—(7) and (9) can
be represented by grids that are 5 pixels wide and 8 pixels tall, so the bitmap representation for each
symbol is a 8x5 grid. Then, the pixels stored in the bitmap grid can be converted into a sequence of
bits, as depicted in Figure 1, by concatenating the bits of each row from the top to the bottom of the
bitmap grid. Each bit in the sequence corresponds to a pixel in the image.
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Figure 1. Bitmap representation of the symbols in Equations (1)-(7) and (9) and bit sequence encoding
for the symbol "(".

4.1. Signal Modulation

In order to transmit these data as a radio signal, the binary sequence needs to be modulated onto a
carrier wave. Indeed, binary modulation enables the efficient transmission of digital information over
long distances. The process begins with the binary signal (the sequence of 1s and Os representing the
digital information) that is modulated onto a radio wave carrier by using existing modulation schemes
such as amplitude-shift keying (ASK), frequency-shift keying (FSK), or phase-shift keying (PSK). In
ASK, the carrier’s amplitude is varied to represent the binary data, with one amplitude denoting a "1’
and another amplitude representing a ‘0’. FSK modulates the carrier’s frequency, assigning different
frequencies to "1’ and '0’". PSK, on the other hand, alters the phase of the carrier wave to encode the
binary signal. Through these modulation techniques, the binary signal is combined with the radio
wave carrier, allowing it to propagate through the air.

For generating the signals corresponding to sequences of symbols such the ones reported in
Equations (1)—-(7) and (9), we concatenate in a single sequence the bit sequences corresponding to
each symbol. Figure 2 summarizes in the last three images the bit encoding for the bitmap images in
Equations (6), (7) and (9).
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Figure 2. Bit encoding for the images in Equations (6), (7) and (9). The first five images represent some
basic geometric concepts, i.e. a vector, a vector field, a 1-form, a 1-form field, and a tensor field of
type (2,3), respectively. The sixth image describes the spacetime manifold, while the seventh image is
devoted to the electromagnetic theory of light, and the eighth image focuses on the Riemann curvature
tensor.
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4.2. Generality of the Approach

The presented technique, which involves converting black and white images into a bitmap
representation and then encoding them into bit sequences that are modulated onto a carrier wave,
exhibits a remarkable generality in its applicability. In fact, it can be effectively employed for
transmitting any black and white image, if the appropriate size of the grid is selected. By adjusting the
grid size, the technique can accommodate images of different complexity by handling different levels
of detail. As a final note, we want to stress that whatever message sent in the space and detected from
anyone needs to be decoded for being interpreted and, thus, simpler the code used (as ours) higher the
probability of having it decoded.

As an example, Figure 3 shows a portion of the limit set of a Fuchsian group [11], represented as
bitmaps obtained by using grids of different size. As can be noticed, by lowering the grid dimension
the quality of the image degrades but there is a saving in the total number of pixels and, thus, bits
required to encode the original image. Indeed, by using a grid of size 730x380 pixels, the total number
of bits needed to encode the image is 277400, while by using a grid of size 150x76 pixels the same
image can be encoded by using 11400 bits only but obtaining a representation of worse quality.

Original Ha0sd

300x152 150x76
pixels .= pixels .- T <. LI . ;o
V4 AN ] o g
| & | .
AN SN / ", ’ Iy

Figure 3. Bitmap representation of a portion of the limit set of a Fuchsian group [11]
5. Concluding Remarks

The topic of interstellar communications is still receiving a careful consideration in the modern
literature, from different perspectives [12-17]. In particular, we agree with the author of Ref. [15] that
other technological life exists; a relevant fraction of ETI wishes to explore the universe; travel velocities
are sufficiently high to allow for probes that arrive at their destination intact, with a useful lifetime
remaining; last, but not least, a relevant fraction of ETI appreciate data of some kind. Within this
framework, our original contribution is, as far as we can see, twofold:

(i) We have first proposed a concise notation for describing some basic geometric concepts used in
modern physical theories [18].

(if) We have then shown in detail how to obtain bit encoding for the images in Equations (1)—(7) and
(9), which might be exploited for interstellar communication, since the resulting synthesis skills might
attract the attention of advanced civilizations which receive signals sent from the Earth. On reflection,
even the skeptical reader might appreciate that the unification of space and time as depicted in the
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sixth image of Figure 3, the electromagnetic theory depicted in the seventh image therein, and the
Riemann curvature represented in the eighth image, deserve careful consideration.

By working along similar lines, other original concise notations for scientific concepts might be
hopefully developed, and a new longterm research program might be conceived. In particular, it
might be challenging to perform a visualizable synthesis of mathematical and physical knowledge
achieved so far, and to choose a suitable set of examples for interstellar quantum communications [17].
Although a more advanced civilization might have reached the stage where they depend substantially
on artificial intelligence [12], we hope that the original synthesis initiated in this paper will enhance
future efforts in achieving interstellar communication.
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