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Physics Research by Computer Simulations — Is the ice melted and heated

by microwave applications ?

Motohiko TANAKA

(Received, February 15, 2022)

This paper utilizes computer simulations to physical science and applications. High-temperature plasmas

and macromolecules are reviewed first including magnetic reconnection in space and DNA translocation

of the human body. The second topic is that water and salt-added saline solution are heated in elevated

temperatures by microwaves, while the ice is frozen in complete ice structures and cannot be heated.

The third topic is that a carbon-gold compound is driven by relativistic electromagnetic radiations and is

accelerated as a nanotube accelerator.
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FIG. 1. The time history of (a) the average kinetic energy. (b) the average

Lennard-Jones energy, and (c) the average intermolecular energy per mol-
ecule, for the ice at temperature of 230 K. Microwaves are applied for ¢
>0, whose frequency is 10 GHz and its strength is 2.23X 10° V/cm or
Eopol kT30~ 0.42.
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FIG. 2. (Color) The geometrical arrangement of water molecules at ¢
=500 ps after the microwave application, for (a) the ice at 230 K and (b)
liquid water initially at 300 K. Enlarged edge parts are shown for (c) the
initial I ice, (d) the ice at 230 K [edge part of (a)], and (e) liquid water
[edge part of (b)]. The microwave frequency is 10 GHz and its field strength
Eq is Egpo/kTy~0.42 with T,=300 K.
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FIG. 4. The time history of (a) the average kinetic energy, (b) the average

Lennard-Jones energy, and (c) the sum of average Coulombic and Lennard-
Jones energies per molecule, for liquid water of initial temperature of
300 K. Microwave frequency is 10 GHz and its strength is Ep,/kT,
~0.42.
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FIG. 8. The dependence of the energy transfer rate from microwaves to
liquid water (initially at 300 K) on the strength of microwave electric field is
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DREEDREN T & X B A EAE C O PR ZE ] & 5 22 ]
DB B,
ZOHOFETIE, Witk L OmESESC/yEEL 7=
KEFT, BOKETET/UELLTNS Y, @H o
P A FH-O-HITMZ, REWKFBOX I —VA | (i
BIE 220 O 2 S &M Z T TIPSP 5L M b
h, ERITEERITEE, KFEIF +0.241e THH 95,
ZZTILL i & DDA E - TERT, £
T r ZERERE, AT RIIWENY M, ¢ ik
B2 NV, W#F 22T D 0REE~ N v 7 R
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JEREDIE WA L 1Y),
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2(6163 =+ 6062))

e3 2(erea + eges))

2(ege3 — eger)) €3 —e3 — e + 2

ThHbd, eg = cosgcos@, e1 = sin%cos%, ey =

singsin%, e = cosgsin# ThHh, 0<0 <,
0< ¢, <21 DAETH 5,
FIEEDSFRT Y Ob L, BE—EDOL L
THEFEOT Y7 cxt L, EWVEFIZBWTT v
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HEHE I 21— a3 UM T2 5,
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(1/c)dB/dt = —V x E, (16)

N
V x B — (4r/c) ZqiviS(T —7Ti),
= (17)

(18)

(1/c)OE/0t =

N
V-B=0, V-E:47quiS(r—ri)

=1
Thsb, ZZTE BIIENENEY, BETHY,
clINE, 9/0t LR OISy I ZZE R OIRMoT,
N TR, g W XEBAT, v 1T, (17) OALE 2
X B, (18) OF 2 A DITEHHE Th 5,
BNLR E LT CGS AR FE 7213 MKSA HAL R
DHWHNDD, CGS BLR & W GE TohE E
MEOEERND, NGRS ICHFEN A EEH
ThbH, MKSA BB & WD & &iX, 208k e

LT, BREM eo EHXTEEL o = 47 x 10~ "kgm /C?
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T%Kéo ZoLE, EHE p;, FEEr 2OV TO
BT

N
— Z Vigiqj/rij + ¥ (ri,rj)]

dp;/dt =
=1 (19)
+ GlBr(rit) + = x B(ri, 1)),
dri/dt = v;, p; = mvi/\/1— (vi/c)? (20)
LD, ZIZT, d/dt xR O 285y, (19) AT

(TR Fnz FEED TR, RF-O ViR E 5257
WIZLI AT ox ¥ (1IL1 280) # b, Er i
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Appendix A : V—ROViREHAODORR

7 —n VIR EERESI R L 7 —m TR S O
Th v, L1 E (10) (2B AR Uiz, w7 O iRk
TG cH Y, EEETEHNT, 7—U
TEWFFTIC LY 3RTTEMARTRD S 2, %
DFEX (12) 1, (14, ny, n2) 12OV TEE sinc D%
HMCThHD, KHMOZEMMETEE M, My, M,, &
Sx L (iR L %), 2EME ng = 1,2,..., My,
ne=1,2,.., M, ng=1,2,....M, £LEI L, GBX
K 1329,

G(ng,ny,n.) = (2M,M,M,/L?)x (22)
[dn(ng) K, + dn(ny) Ky + dn(n.)K.],

K(nz>nyanz): Z (’I’Lmny,nz)M

AA?
ni,n2,n3g
. ng + Mynq 2P . ny + Myno 2P y
sin¢c [ ——— sinc [ ———>—=
M, M,
sine | 22T 218 + Mg )™
M, '
(23)

ZZT, dn(n,) OFRAULIILL O (13) IZFeR L7z, &
BPIX1ILUEOARKTH DN, LEN L RFEE)
Si/ND P=3%ioT\5, M A A L LTIE
K THZLND,

A(ng, Ny, ny)

T sine (Mt Mem )™
B,

n1,n2,n3
) ny + Myns 2P n. + M.ng\ "
smc | ————— Smc { ———
M, M, ’
(24)

A(ng,ny,n.) = dn(ng)* +dn(ny)? + dn(n,)*. (25)

Appendix B : MKSA B R THAER

MKSA & CGS OREABALOMITIL 1 % 1 Oxhis Btk
N D, MKSA BALRIZEBWTE, BEBREIRTD =
e? [AregeakpT CTEFRSIND, Z T, elXERM, ¢ =
8.854 x 10712C? /Nm? IR ERK, a IR RIFEHEE,
kp TRV < R, TITHEXHRE CTH L0, e lX
IR ICDOFHEER TH D, ne ZETHEE, me ZET
BRETDHE, TARAEREET T T AREHIUT,
Ap = (eokpT/n.e?)/?, Wpe (nee?/egme)t/? L5
bbb,
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SR TIE, MKSA BALRICBW T (4) &
@2 Jeomk?® L EEHZ DMENRB D, —F, (5) T,
Wpe & wpi 1Z €9 ZHATEY, EHOVILIRN,

EH) GRATHES (7—e i) 0L &iE, FE
RHEAFEXHT L,

dv; qiq;

2
dt = dmeory;

ri—T;

(26)

m; -
TH D, r; 1L i BRI F-OMNE, v, 1TEE, m,; I(TEE,
@i VXERT, N TR, d/dt IR Oy, iy =
|7 — 1| T %, NOE Fo(r) T2, CGS BHR
D qiqj %, MKSA BALROD giq;/dmeq & ZEETIIT
Juy,

TR &Ll T 5~ v 7 AT 2V AU OV T,

OB(r,t)/0t = =V x E(r,t), (27)
eopoOE(r,t)/0t =V x B(r,t)

N 28

— [o Z qiviS(r — 73), =

V.- B(r,t) =0, (29)

N
V-EWJ%:OkMEZ%ﬂTfm) (30)

2T, EFES, BEEEETHY, S@r)iEr—0
IR 2 TR L (BIRRF) Th D, FT-,
po = 4m x 10~ "kgm /C? IR EETH 5,

FExEmA ZEE) F RSB LT, EEE p, & 2
& IZDOWT,

N
dpz/dt = — Z V[Qin/47TEOTij + (I)(Tl',’f‘j)]
=1 (31)
+ qi[Er(ri,t) + v X B(r,t)],
d?"i/dt =v;, P;i = mﬂ)i/\/ 1— ('Ui/C)z. (32)

WAL 5, Z2°C, Jlld ¢ = 2.998 x 108m/s T
Hd, O(ry,ry) X LI AT vy (1IIL1 3 8) T,
BEES Er(ri,t) 1% E(r,t) 205 (31) A30%5 1 HO
Vl0giqj/Ameori; + (1, 75)] A2 LGN D TH S,
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