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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 EopolkTy~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.

Figure 4: %1 300 K 725 A % — b9 5K OFH ik
Salb—Yay, KDkxLRbL, (a) KF3FOD
)T L X — IR A 22 < EREFHT, (b) LI =%
AF— WA T 5, (c) ITEB =R LX—L L] =%
IF—DTH L.



KB - 55 5T % (2022 4E 3 1)

0.20 v T T

] (a)

SN S B W T

w vv\ _

0 200 300 4 500

t (ps)

0.00

T T T TR
| B
i i
Y
|

PI(t) (eA)

0.20
0.20

(b)

0.00

|

h‘>’

-
LY
—

~~

o

S—

s

L

(J.Zl)

FIG. 7. The x component of the average electric dipole (P (1))=2P;-%/N
and the microwave electric field E (1) (gray lines) for (a) the ice at 230 K
shown in Fig. | and (b) liquid water initially at 300 K shown in Fig. 4.
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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
shown for the kinetic energy dW,;,/dr (filled circles), which corresponds to
heating of water, and the system total energy dW,,,/dt (open circles), which
includes the kinetic and intermolecular energies. The microwave frequency
is 10 GHz. The data points are well fitted by power laws, Eq. (11).
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DREEREN T & X E A EAE C O FEFEZE ] & 35 22 ]
DB B,
ZOHOFFETIE, Witk L OmEEsESC/yEEL 7=
KEFT, BOKETET/UELL TS Y, @H o
P A FH-O-HITMZ, REWKFBOL I —HA | (iE
BIE 220 O 2 S &2 Z T TIPSP £ LM b
h, ERITEERITEE, KFEIF +0.241e THSB 95,
ZZTILL i & DO oA E - TERT, £
VT r ZEARERE, AT RIIWENY M, ¢ ik
B2 NV, W#F 22T Do 0REE~ N v 7 R
ALT2L, r=R+ A" Thsd, ZZTAITA
Difi<w b w7 ATHY, A %o THEHIRJEE L H
JEREDIE WA L L 1Y),

ed +e? —e3 —e3 2(erea +epes))  2(eres — epea))
2(e1e2 — ege3)) €3 — €3 +e3 —e2 2(ezez + eper))

2(ere3 + egez))  2(ezez —eper)) ed —e? —e3 + €3

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

singsin%, e = cosgsin# ThHh, 0<0 <,
0< ¢, <21 DAETH S,
ERSEDSFRT Y LObG L, BE—EDL &
THEFREOT Y7 cxt L, EWVEFRIZBWTT v
PCTEDHME 2 — RBFET 5 10, Lo LiRE—E
D&M L, WHEESIX 0 TH DD, [BiES)
T/ ARV ERIURETHD, 5%/ A ALY/
SUVMET LIV RO 2 — R B ATV 20,

IV RE-&M4420DF/ Fa—TEB
IV.l #HFETYIRYIILARKODFHHE

BT RV —RIAR 2 > TARO D AiEER % B
LT, i ) Fa—TnbART oE#e— 0%
MR L7z, ZOMFEITHA TS COER, HE
Ral—varThh, SrbEEEZNS 1T, 2
R L0~ 7 mZZ MO HERZ R L LT, TERED
BRI 2FOET, BT, RE @OETZRLF—
KIFI2OWT, BRI FEAZTHR- 7218, HiX
INSTRBRIE DB RAEANWER, WEITEEREEZH o7
HEM I 21— a3 UNMTx 5,

BXDHVAT AT 3 W ERZEF OBKRTH D,
L7 OFEE LR T, — T, ESGITAROBE

5k 31k, 5 KEF/LTIL, https://ja.wikipedia.org/wiki/
KETN, 2% OYRFRIEPNTND
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(b) A Fm A 7B 5 RIS
VO EV L SV

Sl
(a ) ~ 7 AT )V
WHT DL, RO~

(1/c)dB/dt = —V x E, (16)

N
V x B — (4r/c) ZQZ"UZ‘S(T —Ti),

= (17)

(1/c)OE/ot =

N
V-B=0, V-E:47quiS(r—ri)
=1
Thsb, ZZTE BIIENENEY, BETHY,
c I, /0t 1XREFEI OISy, V IXZEHOmRMY,
N K73, g W XER, v (THEE, (17) DAL 2
IHITBEREE, (18) O 2 R DITEMEE TH S,
BN R & LCIE CGS AR F 721X MKSA BN %
DHWHNDD, CGS B R & W GE TotE E
MNEOEERND, ZNDEGERIFEE IZF N A EEH
ThbH, MKSA BB E WD & &iX, 208k e
LC, BREH e & MRTELL 1o = 47 x 10~ "kgm /C?
Th V) Fem X IS T EN R,
b el N IRVAY = P S T PA VA a7 Ao BN e e 1V WA o
’C%Z_Zoo ZD L X, EEE p;, BEE r IZOWTO
EEh R

(18)

N
— Z Vlgiqj/rij + ¥ (ri,rj)]

dp;/dt =
=1 (19)
+ GlBr(rit) + = x B(ri, 1)),
dr;/dt = vi, p; = m;v;/\/1 — (vi/c)? (20)
L7ed, TIT, d/dt XEEREOSS, (19) 0T

TRz FEED TR, RFO VR E 5257
WIZLI AT ox ¥ (1IL1 28]) # b, Er i
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I/‘T%‘;%L“C FEOREREIRAT v 71Th| EHE L,

ZOFEIITEENLET, EHRETOs—F
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filfRsh s, T7bb, RIORI AT v 7 LIKFHA
Ty 7Ok, L TREEIZONT,

Az/At > ¢ (21)
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1%7 EMERBAT v 7D 5 BICHAET H, ZhET

TIZHER TE 5,
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We UET, WFFRE 3G R pE A I (RHEIAFZE
REH) T~A 7 mll & oy FRVEHEBAER OB - 77
TEIFE) (B AFEM) 2T E L, BHREITH 2
W, EIEMAERFRTEH T 7 Ay Ial—F—%
HAWE L7z,

Appendix A : V—ROViREHAODERR

7 —n VIR R L 7 —a FITIRE S O
Th v, L1 E (10) (2B AR Uiz, 37 O iRk
TR EEcH Y, EEETEHNT, 7—U
TEWFFTICL Y 3RTEMAHLTRD S 2, %
DFEX (12) 1, (14, ny, n2) 12OV TEE sinc D%
BN CThHD, KHMOZEMMEEE My, My, M,, &
Sx L (iR L %), 2EME ng = 1,2,..., M,,
ne=1,2,.., M, ng=1,2,....M, £LEI L, GBX
[OF [ QEER

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 28 + Mg\ *
M, '
(23)

ZZT, dn(n,y) OFRAULIILL O (13) IZFeR L7z, &
B PIX1IULEORRETH DD, LEME RFIED
Sig/ND P =3%ioT\5, M A A L LTIE
wTHZLND,

A(ng,ny,n;) =

T sine (Mt Mem )™
M,

ni,n2,n3
2P 2P
sine Ny + Myno sine n, + M,ns
M, M, ’

(24)

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

Appendix B : MKSA BEfIZTHAHRER
MKSA & CGS OEARBALOMIZIL 1 % 1 OxHGBIR
N D, MKSA BALRIZEBWTE, BEBREIRTD =
e? [AregeakpT CTEFRSIND, Z T, elXERM, ¢ =
8.854 x 10712C? /Nm? IR ERK, o 1B RIHEEE,
kp 13RIV~ B, TIHEXHRE CTH 503, €l
MRTOFEEHTH D, n, ZETHE, me 2ET
BELTDE, TAANEREETT T AR,
Ap = (eokpT/n.e?)'/?, Wpe = (nee?/egme)t/? L5
bbb,

SR TIE, MKSA BALRICBWTIE (4) &
@2 Jeomk® L EEBZ DMENRB D, —F, (5) T,
Wpe & wpi 1X €9 EHATEY, EHOVILIIRUN,

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

dv; qiq; Ti T
mi—- = -

2 .
dt = dmeory; T

(26)

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

AR &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 — ;) =

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

N
V-EWJ%:OkMEZ%ﬂTfm) (30)

2T, EFEE, BEBEETHY, S@r)iEr—0
IR 2 WD L (BIRRF) Th D, 7z,
po = 4m x 10~ "kgm /C? IR EFTH 5,

FExEmA ZEE F RSB LT, EBE p, &
& p; 12OV,

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

WAL 5, Z2°C, Hlld ¢ = 2.998 x 108m/s T
Hd, O(ry,ry) IZ LI AT ¥ (1IIL1 B3 8) T,
BB Er(ri,t) 1% E(r,t) 205 (31) A305 1 HO
V(giq; /Ameors; + ®(ri,rj)] ZFHE LBV HDTH S,
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