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Abstract

The energy minimization method was employed to investigate the stable
configurations formed by a system of N point electric charges confined by a
boundary that prevents them from escaping a two-dimensional square-
shaped conductor. These point charges are identical in type and equal in
magnitude, and they interact with one another according to Coulomb’s law.
The results show that for charge numbers N =2, 3,4, 6, 8,9, 10,11, and 12,
all point charges arrange themselves uniformly along the edges of the
square. However, for charge numbers greater than 12, except for N = 5,
some of the point charges settle uniformly along the edges of the square,
while the remaining charges occupy the interior of the conductor, forming
regular configurations both inside the square and along its boundaries.

The calculated total equilibrium energy values are in good agreement with
those reported in the literature. Furthermore, the shapes of the stable
configurations formed by these point charges inside and along the edges of
a square conductor of finite thickness are also consistent with previously
published results.

In addition, the equilibrium energy and the charge configurations were
calculated for the cases N = 200, 300, and 500, which have not been studied
previously. The results indicate that the charges form hexagonal structures
within the square, and the clarity of these hexagonal arrangements
increases as the number of charges increases.

The simulation results obtained using the energy minimization method also
demonstrate that identical point electric charges interacting via Coulomb’s
law settle both inside and on the surface of a three-dimensional conductor
in the shape of a finite-thickness rectangular parallelepiped. The total
equilibrium energy and the most stable configurations formed by the point
charges inside and on the surface of this three-dimensional conductor were
calculated for systems consisting of N = 2 to 80, as well as for N = 200, 300,
and 500. These cases had not been previously investigated. The stable
configurations for N = 200, 300, and 500 exhibit internal hexagonal
structures, which become more pronounced with increasing charge
number.



Moreover, the appearance of a single isolated point charge at the midpoint
of the fifth face was observed for a system consisting of 29 point charges,
while a single isolated point charge appears at the midpoint of the sixth face
for systems consisting of 70 and 73 point charges.
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5 5.53553390593273775300 46 | 1043.07538360282342180000
6 8.99596116318637939520 47 | 1092.66566632501235290000
7 13.27441454112156726800 48 | 1143.31299371320278630000
8 18.11324266993239717800 49 | 1195.27348495642331730000
9 24.87933513795518436500 50 | 1248.57802513854971950000
10 32.20305336883020430600 51 | 1303.35985311557055860000
11 40.53801203655098106500 52 | 1359.63429661123291230000
12 49.44580203541231355800 53 | 1417.08559918364971960000
13 59.82115504350769441700 54 | 1475.30480617758416880000
14 71.78357351201722736200 55 | 1534.45466446042951250000
15 84.39506000772037453400 56 | 1594.93694124386593110000
16 98.01793802720825965500 57 | 1657.13148501871728520000
17 112.30106528515493380000 58 | 1720.46890543698418690000
18 128.30905043979296920000 59 | 1785.20295976131751560000
19 145.72356932825493913000 60 | 1851.06176205181031950000
20 163.99231391040197537000 61 | 1918.47645321370055170000
21 183.29026226039499648000 62 | 1986.24237084752940060000
22 203.25124079179909131000 63 | 2055.24137864038857530000
23 224.49399023927168173000 64 | 2125.38694670237691750000
24 247.07523335751321270000 65 | 2197.07764742882272930000
25 271.37091596199047672000 66 | 2270.20159562405615370000
26 296.39629842812428252000 67 | 2344.75269250262817880000
27 322.95562881209906438000 68 | 2420.89257002899148570000
28 349.27360050281117766000 69 | 2498.19582762868000000000
29 377.68406455319183124000 70 | 2575.35203309310918480000
30 407.53883886537079208000 71 | 2654.18585995744206240000
31 438.74875832842457158000 72 | 2734.45833957302784260000
32 470.81778572921683691000 73 | 2816.23858928635991110000
33 503.98350411652900000000 74 | 2899.39807621647423730000
34 537.89587654333513461000 75 | 2983.68145380255191420000
35 573.13622713931511044000 76 | 3069.35247982991904790000
36 609.50567413726651016000 77 | 3156.16294294918043310000
37 647.50832678279118683000 78 | 3244.86190400584609970000
38 687.00830719044665788000 79 | 3334.00190028956558310000
39 727.29840522439849338000 80 | 3424.98938265251354110000
40 768.64782319171229122000 200 | 23468.1682648445748790000
41 810.79292293700200394000 300 | 54282.42589952115668100000
42 854.71795204524664772000 500 | 155123.15832986726309000000
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