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Abstract

An empirical framework that accurately describes radioactive bonding energies is the somewhat
empirical mass equation (SEMF). They showcase many implementations and uses of the idea that
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rely on graphics and printed objects. A key new addition is a contrast with real experiments, as

well as a visualization of the energy environment as supplied by the SEME. The shortcomings of
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the empirical theory are shown by our visualization of this differential energy scenery, which also

highlights the significance of what are known as magic numbers—an explanation provided by the
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outermost approach, which was developed much more recently than the water drop theory. This
provides a great chance to talk about the advantages and limitations of simulations everywhere

within the framework of science teaching.

Introduction

Nuclear science is a fundamental area of study in
contemporary physics, with many pertinent implications such
as radioactive decomposition and nuclear Fusion and division.
In the Karlsruhe, Germany Nuclid Chart and the Brookhaven,
Maryland National Laboratory’s Diagram of Elements, both of
which are accessible on the internet, isotopic elements with
varying numbers of neutrons N are listed as a generalization
of the periodic structure of factors, categorized as aspects
according to the amount Z of electrons [1,2].

An essential component of scientific learning is the clear
explanation of the function of simulations in the universe, and in
particular, the capacity to talk about the boundaries of concepts
[3]- Examining the precision of the water drop paradigm
and, consequently, the SEMF in atomic physics appears to
be a favorable chance to address the function of theories in
modern science. Furthermore, the three-dimensional dynamic
environment of the binding forces per nucleotide EB (Z, N)/A
may be shown with the use of contemporary digital animation.
In fact, a variety of approaches of visualizing the forces that
bind have been put out recently, including some that make use
of graphics and movements found in well-known video games
like Minecraf [4].

In these contributions, we expand on this research in
two ways: first, we employ the technology of 3D printing to
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create easily reproducible sensory representations for decay
of radioactive material and binding forces per nucleus in the
classroom [5,6]. Together with the 3D-printed approach, we
also created a film that contrasts the SEMF’s forecasts with real
empirical information to illustrate the model’s fundamental
beliefs as well as their relationship to the mystical numbers
and the exterior model. We discover novel representations of
the differential energy terrain that highlight the significance of
known mystical numbers and expose the shortcomings of the
experiential model, particularly for tiny isotopes.

According to the 1949 Goeppert-Mayer and Jensen
nuclear envelope approach, protons are especially robust
when the neutron and proton counts match the ideal figures.
It is noteworthy that enchantment numbers could have been
predicted from the simpler fluid drop model, despite the fact
that these numbers were described considerably later than the
SEMF [7].

When combined, the models may be utilized in the classroom
to thoroughly examine significant nuclear physics subjects as
well as to promote thinking critically about model construction
in contemporary economics as a whole [8].

Through the enchanted numbers to the somewhat
empirical mass equation

According to the fluid drop concept of the nucleus, the
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somewhat empirical mass equation (SE) gives the following
description of the energy those bonds: ESE B (Z, N).

ESE B is equivalent to aVA - aSA (2/3) -aCZ (Z-1)/A (1/3)
-aA((Z-N)2)/A-6(AN)

Where § (A, N) = zaPA-1/2 for nucleus with equal (odd)
numbers of neutrons and protons and 0 for all other nuclei.
To best suit the study’s data, the coefficients used are actually
derived. These factors make it simple to visualize the energy of
binding per nucleon (EB/A), as seen in Figure 1, as a 3D-printed
energetic environment or as a movie.

The mathematical model’s predictions and the empirical
findings for binding energy EExp B (Z, N) [5,6] may be contrasted
[9].

As seen in Figure 2, we prototype the variance in the
potential of the binding force per nucleus, provided by A (Z, N) =
EExp B (Z, N)/A - ESE B (Z, N)/A, for the realization as a printed
in 3D object. Students may discover how to represent the water
drop design’s limit of applicability by employing the model
depicted in Figure 2: For tiny A, there are especially significant
differences between the results of experiments and the liquid
drop model [10]. For tiny A, the fundamental model premise of
a circular droplet is violated. In fact, this result in a breakdown
of the difference among an area term (aVA) and an area term
(aSA (2/3)).

However, as seen in the movie and the 3D-printed model,
variations get very tiny for nucleus with mystical numbers
such as 2, 8, 20, 28, 50, 82, 126.... Double-magic nuclei occur
when the total amount of neutrons and protons (Z, N) is equal
to a magical number. The differential energy A (Z, N) nearly
disappears at this point [11].
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Figure 1: The structure of the forces model, printed in three dimensions (a).
The moving image (b) illustrates how the commonly used 2D graph matches
the 3D concept, (c-d) Duplicate digits and charm lines are shown in the
difference in binding power per nucleus between the actual and SEMF data.
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Figure 2: Shows how the variables in the liquid-drop model that represent the

atomic nucleus relate to the semi-empirical mass formula.

Itisintriguing that the disparity in energy surroundings A(Z,
N) between the experimental results and the SEMF of the energy
that bonds per nucleus is capable of predicting the enchanted
numbers, that have been stated within the framework of the
nuclear shell model in comparison to the shell theory of the
electrons that are bound that was developed by Goeppert-
Mayer [12] .

The basic water drop approach, first presented in 1935,
does not account for the interior architecture of pearls [13].
The water drop the model’s easy presumption of a sphere-like
form and disregarding inside shell details appear to be enough
for the explanation of the bound energy in these kinds of cases.
If the amounts of electrons and protons match the enchanted
numbers, a particular amount of shells will be entirely filled.

Problem of the statement

The field of nuclear relies heavily on the largely empirical
weight factor for calculating nuclear bonding strengths. It
is not devoid restrictions, though. A major problem is that,
although SEMF is a fair estimation, it frequently cannot forecast
the binding forces of nuclei with high neutron-to-proton
proportions [14]. The formula’s reliance on averaging variables,
which ignore certain nucleus connections and shell effects—
particularly in heavy as well as light nuclei—gives rise to this
shortcoming.

Furthermore, when contrasted with actual data, SEMF’s
oversimplified interpretation of the nuclear power and its
constituent elements—volume, appear, Coulomb’s theory
asymmetry, and coupling terms—may result in disparities.
Because of these constraints, more complex models or actual
modifications are required to increase nuclear predictability
and strength.

Research methodology

In “Modeling in Radioactive Science: A Graphical Method
to the Constraints of the somewhat empirical Mass The
formula,” the study method focuses on improving the
conventional somewhat empirical mass equation (SEMF)
by visually analyzing its variables and limitations in great
length. Based on a number of fundamental words that stand
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for various chemical forces and processes inside the cell’s
nucleus, the SEMF is a fundamental model used to predict
nuclear bonding strengths.

The quantity term, surface phrase, Electrostatic term,
asymmetries term, and pairing term are the fundamental
elements of the formula that the researchers reaffirmed
before tackling the issue. Each of the above components was
examined for its empirical match to available nuclear data as
well as for their material importance [15].

Additionally, the research used an artistic approach to
spot and fix variations in the experimental findings and SEMF
forecasts. Calculating bound energy information against
numbers of masses and looking for discrepancies were
part of this process. Modifications were suggested via this
graphical analysis to more accurately reflect factors such as
shell adjustments and certain nuclear structural errors that
the initial equation could miss [16]. The goal of the research
was to improve the predicted accuracy of the SEMF especially
for nuclei with severe neutron-to-proton ratios (INSPIRE)
(Pubs AIP), by fine-tuning the empirical variables and adding
fixes [17].

Results and discussion

In order to calculate the mass of a nucleus in an atom
from the amount of neutrons and protons, nuclear physicists
use the Semi-Empirical Mass Formula (SEMF), also known
as the Weizsacker formula, Bethe-Weizsacker formula, or
Bethe-Weizsicker mass formula to distinguish it from the
Bethe-Weizsacker procedure. It is based on both theory and
real-life measurements, as the name implies. The formula
is a representation of Georges Gamow’s liquid-drop model,
which can explain most of its components and provides
approximations for the coefficients [18]. The German scientist
Carl Frederick von Weizsacker initially proposed a formula in
1935, and while the coefficients have since been improved,
the formula’s general structure has remained constant.

The model represents a liquid discharge

Theodore Gamow was the first to suggest the liquid-drop
model, which was further improved by the work of Niels
Bohr, John Campbell Wheeler, and Lise Meitner. . There is a
resemblance to the arrangement of a round liquid drop since
itregards its center as a sphere of insoluble fluid of extremely
high density, kept together by the force of nature (a leftover
effect of the nuclear force) [19]. The liquid-drop model, albeit
imprecise, provides an approximation of binding energy and
takes into consideration the circular form of the majority of
protons (Figure 2).

The Formula

The total mass of a nucleus in an atom for neutrons,
protons, and therefore nucleons that is calculated using the
following formula:

s (N.2)
2

c

Wherein the atom’s binding power and are the rest is
masses of a proton and a neutron, accordingly [20]. The

m=Zmp+Nmn—
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limiting energy, according to the partially empirical mass

equation, is ( ) ( )2
a3 Z(z-1 N-Z

EB avA — asA ac Am aA A +5(N,Z)_

This formula’s terms are all supported by theory.
The coefficients a V {\displaystyle a_{\text{V}}}, a S {\
displaystyle a_{\text{S}}}, a C {\displaystyle a_{\text{C}}},
a A {\displaystyle a_{\text{A}}}, and a P {\displaystyle a_{\
text{P}}} are all empirically determined; although they may
be derived from experimentation [21]. Although it’s usually
described by its fundamental five words, there are more
names to explain other phenomena. The interaction between
these coefficients when new phenomena are included is
complicated; some terms impact each other, while the a P {\
displaystyle a_ {\text{P}}} term is mostly autonomous. This
is similar to how altering a polynomial fit would alter its
variables (Figure 3,4).

Doing the coefficient calculations

Matching to empirically observed nuclei’s masses yields
the coefficients. According to how well they fit the data and
whatever unit is used to describe the mass, their values can
change. A few of the instances are displayed below (Table 1).

The nucleus’s interior shell structure is not taken into
account by the formula.

As a result, the semi-empirical mass equation fits heavier
nuclei well while fitting very light nuclei—particularly
4He—poorly. Generally, it is preferable to adopt a model that
accounts for this shell shape for light nuclei [22-24].

The semi-empirical mass formula (SEMF), which is
derived from the number of protons and neutrons in an
atomic nucleus, is used in nuclear physics to estimate the
mass and other parameters of an atomic nucleus. It is based
on both theory and actual measurements, as the name
implies [25-28]. George Gamow’s liquid drop model, which
can explain the majority of the formula’s components and
provides ballpark estimates for the coefficient values, is the
foundation of the theory.
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Figure 3: The bound energy per nucleus (measured in MeV) according to the
semi-empirical mass calculation, as determined by the combination of the

neutrons number N and the atomic number Z. Elements that have been found
through experimentation are shown by a line with a dash.
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Figure 4: Shows the discrepancy, expressed in kiloelectronvolts, among the
expected and known bound strengths. The existence of lines, which are easily

recognized by their strong peaks in boundaries, can’t be described by the mass
calculation, but more sophisticated concepts will clarify the events that are
there.

Table 1: Example of coefficient calculation.

Eisberg & Least-squares | Least-squares Rohlf*! Wapstra

Resnick "] fit (1) fit (2)@®

av u MeV MeV MeV MeV
as 0.01691 15.8 15.76 15.75 14.1
ac 0.01911 18.3 0.711 0.711 0.595
aA 0.000763 0.714 23.702 23.7 19
ap 0.10175M# 23.2 34 11.18 33.5
kp 0.012 12

-1/2 -1/2 -3/4 -1/2 -3/4

even-odd
(odd-even)_ 0 0 0 0 0
~ This model uses in the numerator of the Coulomb term.

Conclusion

In this work, we used an instance of radioactive physics
to illustrate the features and limitations of real-world models
utilizing 3D printing and animations methods. Learners
are fascinated and encouraged to investigate when they
are given more tactile access to the thing through printed
models. This framework permits prediction of decay series
in relation to decay of radioactivity. Iron is possibly the most
durable element of all since it is located at the lowest point
in the energetic spectrum. Fluid visualizations benefit greatly
from the usage of movements. For the initial time, here, we
displayed an animation contrasting the liquid’s forecasts
with the various power landscapes. Drop model using real
empirical information. In this sense, the unique significance
of magical figures are disclosed because the SEMF’s reliability
is especially high in these circumstances, whereby may be
taken straight from the video and read. While a wide range of
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images are possible due to the fast advancements in computer
graphics. For students, the nature of physical models is not
immediately apparent. Consequently, fur-Empirical studies
pertaining to model comprehension and its association with
multiple potential. It is necessary to have representatives.
We think that nuclear physics models offer an excellent
illustration.
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