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"But if we conceive a being whose faculties are so sharpened that he can
follow every molecule in its course, such a being, whose attributes are still
as essentially finite as our own, would be able to do what is at present
impossible to us. For we have seen that the molecules in a vessel full of air
at uniform temperature are moving with velocities by no means uniform,
though the mean velocity of any great number of them, arbitrarily selected,
is almost exactly uniform. Now let us suppose that such a vessel is divided
into two portions, A and B, by a division in which there is a small hole,
and that a being, who can see the individual molecules, opens and closes
this hole, so as to allow only the swifter molecules to pass from A to B, and
only the slower ones to pass from B to A. He will thus, without expenditure
of work, raise the temperature of B and lower that of A, in contradiction
to the second law of thermodynamics™
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ASyas = Sfinat — Sinitiat = nCy InTe + nCy InTy — 2nCy In T (13)
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;
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N e Pl e (15)
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clear; clc; close all;

:|kB = 1.380649e-23;

m_Ar = 6.6335209e-26;
TO = 300;

s|N = 1000;

oL = 1e=-6;

7|Lx = L; Ly = L; Lz = L;

«/hole_d = L * 0.4;

s|R_particle = L * 0.015;

|v_rms_initial = sqrt(3 * kB * TO / m_Ar);

dt = (R_particle / v_rms_initial) #* 0.015;

:| steps = 400000;
/| plot_interval = 100;

s|x = (rand(N, 1) * 2 = 1) * Lx;
6|y = (rand(N, 1) * 2 - 1) * Ly;
7|z = (rand(N, 1) * 2 - 1) * Lz;




|sigma_v = sqrt(kB = TO / m_Ar);
|vx = sigma_v * randn(N, 1);

vy = sigma_v * randn(N, 1);

vz = sigma_v * randn(N, 1);
i|v_rms_threshold = v_rms_initial;

log_len = floor(steps/plot_interval);
time_arr = zeros(1l, log_len);
TA_arr = zeros(1l, log_len); TB_arr = zeros(l, log_len);

7| NA_arr = zeros(1l, log_len); NB_arr = zeros(l, log_len);

E_total_arr = zeros(1, log_len);

|dS_gas_arr = zeros(1l, log_len); S_info_arr = zeros(l, log_len);

eta_arr = zeros(1l, log_len);
total bits = 0; log _idx = 1;
Vol _half = Lx » 2 = Ly * 2 * Lz;

|SO_A = (N/2)*kB*1log(T0"1.5 * Vol _half/(N/2));

S_total 0 = SO_A * 2;
initial E_tot = sum(0.5 * m_Ar * (vx."2 + vy."2 + vz."2));

7| £ig = figure('Name', 'Maxwell Demon Simulation', 'Position', [60, 50,

1600, 900]);
colormap('jet');

w|axl = subplot(2, 3, 1); hold on; box on; view(3); grid on;
w|x1im([-Lx, Lx]); ylim([-Ly, Lyl); zlim([-Lz, Lz]);

patch([0 0 0 01, [-Ly Ly Ly -Lyl, [-Lz -Lz Lz Lz], 'k', 'FaceAlpha', 0.1,
'EdgeColor', 'none');
scatter _particles = scatter3(NaN, NaN, NaN, 20, NaN, 'filled');

| caxis ([0, v_rms_initial=*2]);

title('"'); xlabel('X'); ylabel('Y'); zlabel('Z');

i|ax2 = subplot(2, 3, 2); hold on; box on; grid on;

title('Velocity Distribution'); xlabel('Speed v (m/s)'); ylabel('Density’
)i

i7|h_hist_A = histogram(NaN, 'Normalization', 'pdf', 'FaceColor', 'b', '

FaceAlpha', 0.5);
h_hist B = histogram(NaN, 'Normalization', 'pdf', 'FaceColor', 'r', '
FaceAlpha', 0.5);

9] legend ('Left (A)', 'Right (B)');
|ax3 = subplot(2, 3, 3); hold on; box on; grid on;

h_NA = plot(NaN, NaN, 'b-', 'LineWidth', 2);
h_NB = plot(NaN, NaN, 'r-', 'LineWidth',k 2);

ftitle('Particle Density Evolution'); xlabel('Time Steps'); ylabel ('Number

of Particles');
legend('N_A (Left)', 'N_B (Right)', 'Location', 'mnortheast');

i|ax4 = subplot(2, 3, 4); hold on; box on; grid on;
w|h_TA = plot(NaN, NaN, 'b-', 'LineWidth', 2);
vi|h_TB = plot(NaN, NaN, 'r-', 'LineWidth',6 2);

title('Temperature Separation'); xlabel('Time Steps'); ylabel("'
Temperature (K)');

|legend ("Left (A)', 'Right (B)','Location', 'northwest');

ax5 = subplot(2, 3, 5); hold on; box on; grid on;
h_dS = plot(NaN, NaN, 'k-', 'LineWidth',6 2);
h_Sinfo = plot(NaN, NaN, 'g-', 'LineWidth', 2);

o1 title('\Delta S_{gas} and Information Entropy');

xlabel ('Time Steps'); ylabel('Entropy Value (J/K)');
legend('|-\Delta S_{gas}|', 'S_{infol}', 'Location', 'northwest');
ax6 = subplot(2, 3, 6); hold on; box on; grid on;

i7|h_Etot = plot(NaN, NaN, 'm-', 'LineWidth', 2);

title('Total Kinetic Energy');

9| xlabel ('Time Steps'); ylabel('Total Energy (J)');
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ylim([initial E_tot*0.99, initial E_tot=*1.01]);

for step = 1l:steps
x_old = x;
X =x + vx * dt; y =y 4+ vy * dt; z = z + vz * dt;

hit = x < -Lx; x(hit) = -Lx + abs(x(hit)+Lx); wvx(hit) = -vx(hit);
hit = x > Lx; x(hit) = Lx - abs(x(hit)-Lx); wvx(hit) = -vx(hit);
hit = y < -Ly; y(hit) = -Ly + abs(y(hit)+Ly); vy(hit) = -vy(hit);
hit = y > Ly; y(hit) = Ly - abs(y(hit)-Ly); vy(hit) = -vy(hit);
hit = z < -Lz; z(hit) = -Lz + abs(z(hit)+Lz); vz(hit) = -vz(hit);
hit = z > Lz; 2z(hit) = Lz - abs(z(hit)-Lz); wvz(hit) = -vz(hit);
v_mag = sqrt(vx."2 + vy. 2 + vz."2);

at_hole = (abs(y) < hole_d/2) & (abs(z) < hole_d/2);
cross_L2R = (x_old <= 0) & (x > 0);
cross_R2L = (x_old >= 0) & (x < 0);
pass_L2R = cross_L2R & at_hole & (v_mag > v_rms_threshold);
pass_R2L = cross_R2L & at_hole & (v_mag < v_rms_threshold);
block L2R = cross_L2R & ~pass_L2R;
block_R2L = cross_R2L & ~pass_R2L;
reflect = block_L2R | block_R2L;
vx(reflect) = -vx(reflect);
x(reflect) = x_old(reflect);
total_bits = total_bits + sum(pass_L2R) + sum(pass_R2L);
if mod(step, 2) == 0
pos = [x, y, 2z]; vel = [vx, vy, vz];
dist_mat = pdist2(pos, pos, 'squaredeuclidean');
[pair_i, pair_j] = find(triu(dist_mat < (2+R_particle)~2, 1));
for k = 1:length(pair_i)
pi = pair_i(k); pj = pair_j(k);
dr = pos(pi,:) - pos(pj,:);
dv = vel(pi,:) - vel(pj,:);
if dot(dv, dr) < 0
factor = dot(dv, dr) / norm(dr)~2;
vel(pi,:) = vel(pi,:) - factor #* dr;
vel(pj,:) = vel(pj,:) + factor * dr;
end
end
v = vel(:,1); vy = vel(:,2); vz = vel(:,3);
end
if mod(step, plot_interval) == 0
idx A = x <= 0; idx_ B = x > 0;
N A = sum(idx_A); N_B = sum(idx_B);
v_mag = sqrt(vx.”2 + vy. 2 + vz.72);
T_A = sum(m_Ar #* v_mag(idx_A)."2) / (3 * max(N_A, 1) * kB);
T_B = sum(m_Ar #* v_mag(idx_B)."2) / (3 * max(N_B, 1) * kB);
E_tot = sum(0.5 * m_Ar * v_mag."2);
S_A = N_AxkBslog(max(T_A,eps)~1.5 * Vol_half/max(N_A,eps));
S_B = N_BxkB#log(max(T_B,eps) 1.5 * Vol_half/max(N_B,eps));
dS_gas = (S_A + S_B) - S_total _0;
S_info = total bits * kB * log(2);
time_arr(log_idx) = step;
TA_arr(log_idx) = T_A; TB_arr(log_idx) = T_B;
NA_arr(log_idx) = N_A; NB_arr(log_idx) = N_B;
E_total _arr(log_idx) = E_tot;
dS_gas_arr(log_idx) = dS_gas; S_info_arr(log_idx) = S_info;
eta_arr(log_idx) = -dS_gas / max(S_info, 1e-300);

set (scatter_particles, 'XData', x, 'YData', y, 'ZData', z, 'CData

', v_mag);
h_hist_A.Data = v_mag(idx_A);
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| fprintf (' & {5 &

s| fprintf (' 4 2

h_hist_B.Data = v_mag(idx_B);
set(h_NA, 'XData', time_arr(1l:log_idx), 'YData', NA_arr(1:log_idx

19| end

PRI

set (h_NB, 'XData', time_arr(1:log_idx), 'YData', NB_arr(1:log_idx
));

set(h_TA, 'XData', time_arr(1:log_idx), 'YData',K TA_arr(1:log_idx
));

set(h_TB, 'XData', time_arr(1:log_idx), 'YData', TB_arr(1:log_idx
));

set(h_dS, 'XData', time_arr(1:log_idx), 'YData',K -dS_gas_arr(1:
log_idx));

set (h_Sinfo, 'XData',6 time_arr(1:log_idx), 'YData', S_info_arr(1:
log_idx));

set (h_Etot, 'XData', time_arr(1:log_idx), 'YData', E_total_arr(1:
log_idx));

drawnow;

log_idx = log_idx + 1;

end
| £prints (' {7 I £ #H\n')
fprintf (' M iR F: T_ A = %.1f K, T B = %.1f K\n', TA_arr(end), TB_arr(end

3);
fprintf (' £ 4

1=

$: N_A = %d, N_B = %d\n', NA_arr(end), NB_arr(end));

45 #: Y%d bits\n', total_bits);

_info = %.3e J/K\n', S_info_arr(end));

% |AS_gas| = %.3e J/K\n', -dS_gas_arr(end));

fprintf ('{5 & M £ = |-AS_gas| / S_info = %.3f\n', -dS_gas_arr(log_idx
-1) / max(s info_arr(log_idx-1), 1e-300));

—
|

= Wl (O
= oE &
@ &

fprintf (' {5 &

| fprintf (' {5 & TR K S_info / |-AS_gas| = %.1f\n', S_info_arr(log_idx-1) /

max (-dS_gas_arr(log_idx-1), 1e-300));
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