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

by microwave applications 7

Motohiko TANAKA

(Received October 22, 2023)

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.

Keywords: frozen ice structure, carbon-gold nanotube accelerator,
high-temperature plasmas and macromolecules, computer simulations
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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 7

>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 (¢) 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
Eqy is Egpol/kTy~0.42 with Ty=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 Epo/kT,
~0.42.
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and the microwave electric field E (1) (gray lines) for (a) the ice at 230 K
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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,;,/d (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).

shown in Fig. 1 and (b) liquid water initially at 300 K shown in Fig. 4.
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LD, TV T 4y 7% 1% (Symplectic
integrator)®) 1%, &b o THAEMITLE L =R
RBEFETHD, ZORBEIENI LIZEREETD
Vﬁ”ﬁtﬁﬁ DB D 5,
ZDBRDOFIETIX, WS X CMESESHN IR L
72K FT, BOKBETEFALLLTWS ¥, 3§
.%0)4}/( b H-O-HIZMZ, RAKRKBOX I —
b GEENZE ZR0) O 2 HEMA S TIPSP £
?wﬁ@bh,%ﬁﬁﬁidfn,midiamm
TH3 195, Z zCIIL1 Hir oo o8 %
fEoTRT, LT r ZERPEE, £Fi14T R
HEARZ ML, e BEEERY bV, WE R LT 3
ZdEET )y 7R AL TR, r=R+ Alr”
THb, TITAIFADHT I v ZRATHD,
A ZAfio TIERPEIE b R EE D228 v 1)

ed +e? —e3 —e2 2(erea + eges))
2

2(6163 + 6062))

THb,e9 = cos2cos¢+w el = 51ngcos¢2w, ey =

s1n251n¢ R COS2SIDM THhH,0<60 <,
0< ¢, <21 DHETH 5,

EREEODTRT YOy LDb e, BE—EDD
YTCHREDO7 U IR L, BORBIICBWT
SUNTELHMEa— FAEET S 0, LirLE
E—ED&EENT Y, EEEHI T TH 35,
EEENL ) A AL RV ERIURETH 3, 5%/
A ZEDPEWVEBL AL REOE D — FARE
PITWVWZ W0,

IV RE - &1A>DF/Fa—T %R

41 KHFEIVIRVILERRODFHHE
BI RN EFH > TAIKOBARERZH
LT, Wl ) F2a—Th R 2EEE —
LB LT, ZOWFREME T TOMER,
HoIal—va>rThh, ShofUEza 17,
Bl o ZloREERZ R LT,
rERoErlt) 2087, BT, RE, €05
FIVF—RFITOWT, BRI TEIZ TR - 72
18), HINSRPEOEREAVEH, WRIZEE
BEHoiE#KY I 21— a VTR 3,
EZDBYATHIE 3 IOCERZER ORBGRTH
D, KFOEINIEEEEE T, —F, BRSIEE
IROBERZERCHE T 2720, FS%Z & AT 22k
FRMS, B, ZECHLT, () vy AT =
AFER, (b) MR 22 EE) A RIS 5 &

*5 https://ja.wikipedia.org/wiki/7KEF L (KD 31K, 5
HEFN) TIE, TZLOYEBRIEINTVD
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Figure 7. L —¥%—8RE W/cm? ¥ &0 4 F Y {LIREE,
L= —8ENY I 2L —Y 3 Y EITo 22fH,

x 1D

BEAID~< v 7 27 = VITRERIE,

(1/¢)0B /0t = -V x E, (16)

N
(1/c)O0E/0t =V x B — (47 /c) Z%‘%‘S(T —r;),

(17)
N

V-B=0, V-E:47quiS(T‘—T‘¢) (18)
i=1

TH?3, TITE,BZzhehES, #E5THD
c \3NHE, 0/0t R ORM 7, V IXZ=HDORM
5, NIIKR T, q $BEM, v OERE, (17) of
A% 2 HIXBEREE, (18) 0% 2 XAWITERH
ETthHs,

HAIRE LTIk CGS B &R 7213 MKSA H
MEPHWLNZH, CCS B REHWEEE
TEHEN ZFDFEERN L, T HmIFEEIC
WENZHHTH 5, MKSA B RExH W3 &
=3, 200THE LT, EXRTH o KT
po = 4m x 10~ "kgm/C? THH, KAIEIILHEE
FHAR D,

FEHN L NN ER R T2 S 2 B FEIN
HTEZD, ZOLE, EHE p;, B r; ITOWT
oEEF RN,

N
dp;/dt = = " Vlgig;/ri; + U(ri, ;)]

+%wﬂmn+%x3wm»
(19)
dr;/dt = v;, p; = mv;/\/1— (v;/c)?  (20)

Y45, 2T, d/dt iZRREo2Ms, (19) Hil
TN FAIZFEEDTRD, NFOFERE S

Figure 8. BHEIICEDF /) Fa—T—ahoBEEHIHTF -
KA F e BTOL —F— kR, DRIIEBOMHE
AWTED, BRBIEROIEZFHFO OLRAT, L—¥—lEk
7x 10"W/cm? TH %, SHHEIZ t= 0, 4, 8 fs TH 3,

Z57DIZ LI KT vy ¥ (1111 BR) Z A
5, Er 3 Eor—urifGe L] hogs5xs| &
BoMBBHTH2, hrikddd, (18) D
V- E = 47mp ZZERBFICONTIRL 6, Zh
ZBHER T v TIZOWTEHEL T, ZORRERXZ
7 v FIT5IERE L,

COFBICIITENNET, BHRIKTDOI—F
¥ (Courant-Friedrichs-Lewy condition) 12 & -
THIRENS, T72bE, RINOREIRT v L
MR 7y 7ok, 2L TEHEIZOWT,

Az /At > ¢ (21)

DOEBRBVETH 5, IO INLVE T,
BIEALEEDPBAT Y 7D BIHEET S, 2
T QCICHERRTE %,

Figure 7 Cl¥, L —%—E W/cm® £ &0 A
A MEIREOWIEZ RT . A4 A4 VIZidkkc DA 4
LREEDH D, ZDT I 2L — 3 TiE 20 ffi
5 70l EIFH THFHNT WS,

JFHETH/Fa—THICHLRAD G T, KE,
EAAVBIOBFIIHLT, P LEERZAEDT
D 5oL 2RO BRI Z IS 5, FmfMATH
Fa—TRTFRIELT, EHHAN L RIRERE
3E - TW L, Figure 8 13K XN 3 TEE DL
FERLTWS, B0 —F—BEDEEE, KM
D60 7z b (6x 1071 s) TA F ¥ HBIFIE
WKHEEH L TmsExn 3, —77, Mmoo r
=%, 20 7= & PROTHERMNCHIEREI NS & A 4
> 40 MeV THEATMNCE D £ 2 EHBETHE

mEh 3,
Figure 9 1384 A+ 22\ T, A F 1k 20 ffin:

570ffins I al—aryoikEicoOWT, F
17 - BEGEOEET (v),vL) ZRT. 20 flid
L EFOKE - EE S AN FRMCEE AR S h
%, 70 fliic BV TIIHEIRNFERTH D, 14 i

*6 WIS L 3B D, BEERROLDBATy T
fif <

7/10



4.2 KADGHEIRDFAT

V e

(a) (b) ©)
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REIZIE A & EMET AN, 2 U CE I SRS E % %,

MeV
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Figure 10. L —¥ —BRIKOBEICN T 2 KHE, &, EFOR
HIIVF—%RT, RN 102W/cm? 054, BT

BT 40 MeV 1ITED K B4 & ITERHIE OV ZIRST 43
MeV IZET 375, WREHIHDH 2 L EH DK 22 MeV 127 3,

HEDEE T NTIR > THTWB 23, BFIIMAM
WREVEETIROE S,

L —F — R 1018W /em® 7 SR TH
% 1022W/cm® ® ¥ X ORHET 3L ¥ — % Figure
10 1ITRT, A OHMNHOEMTIX, BT R
FoRBAMIC ERT 3, &4 4 IBREMCRE R
IR Z 520 223, BRLIK OV ZADE S & INR
IED 2R, IRICBVWTHETREZLT
H5,

42 ABUFHEDORIT

REREHS AT 225 720, RENWHIGFEHK
YLTETHERA— —a YV a2—% FX100 Z{HH
L7=Z ezl 3 (%55 100 1 100 <% FLOPS),
7T AEETIE MPICH £ Y X —7 2 — 2%
FWT, WS 2 28058 L Tilidift s % 2
LidEEI TS, L L, BRIGESIZ M <
SENUTUAIEE S 3 723G R EES BT

»H3 18 19)O

AYRANEFATBIERITK TS, VT
AR CMFFEEZHET 2 L IEL W L3R T E
%, REEIEE (elapsed time) 1, KT 27 —v V5D
TEFE L TR ERIEDFED, 52 7 v 7 (Wi
FZ) AT 5.1 sec/step 1272 %, ZAUIR LT,
BHS 2/ NS DEILUFEETITS &, KFo
7 —a i abET 4.0 sec/step 72D, FHEINK
I 2 HIREEIEL Ro TV 5,

vV o

DS RERELZED L 2 3HERA Y v B OBEHEID
HERTH 57205, W DHHIERYEZE %38 U CERBEM
BMOBEREEEZE TV, BIEETEsEYE
DER T A~0MEINE, HRIEEED -, Z
Dk, 77XV HDRXY —F ¥ FR¥ET Ph.D. W5t
B Y U CHEmIIEF, HERBSEICB T 2 R/E
EBI DM 20 RE T I ¥ —E T L
2D 2HEX LS, 1996 FIZvHFa—ky YT
RIS 1 EREL T, BARET T ORISR E
e HEE & o TEad FHEEROHIEIT - 72,
ZOfFFITIE, PIDICERS I A &S T O
SRR IRR T, 2RI, <A ZriEicBEn
T, KERWEOKPEBLREREHEK LT, ~47
OFEEMATHEMB LW L Z2HEICEDRL
2o BIBIC, RE-BA T DF ) F 2— 7K
TiE, BN ZRES 22 L TEROBF A
NAEEES I 21— a VIFEEIBRT=,
BRI EMS 2k hi-2eic& b,
HEMES I 2L — g VI KRERISHEFEDLE
MBoTWb, £ZAT, BAMIEEIToTWNB L,
HEHWHATHLRVERSEIN S, 208 23K
FEERELCIEL X 2R T 2 2 e 3IERICARYITH
D, MEEE LT L V., 2o dEET
FlLnwr—<%2HKkL, BFEE> 321 —>arv%
v, Z2LDALE ZDEEFHBIETVERN,

e

ZOFRICBVT, EFEZZLDT7 XU A, FA4 Y,
77 YA, HROWIFEE, KAN7b eifiam L % Lz,
AR —MBIR, ZE BB, A.Yu.Grosberg #
2, M.Deserno BUZ13 A UHEwE, WTHAEBIRIZHE
BRe L THEm e RMEEFEDE L, EEZEL
DIEFMA XFVHEE OERARESAE, ILHBTFIRAEC.
FEXMIETIE D. P. Allen o4 icBtHEEICRZ D L
720 BV DBEICBWTHREERCE, 2 L TH
EREAEITEH VL E T, RBEII SRR EME
e GHEmSEREE) T~ A 7 vl e o FidiEsE
HFH MG - 7 TEIIEHSR) (5 FM) 2200 %
L7z, RIHEERITO 120, FIEREERIEIT 2
AT Ial—R—%HVE L7,
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Appendix A © 7—0OV=EEREHI DRI

7 —n VIR GRS — e VBN D
TH D, 111 #i (10) 1282 R U Tz 377 D PEE
JI853 &iﬁ?i’ﬁ@—fb b, ZEEMETFERWT, 77—V
TLMEFFT I & D 3 JTERAABTRD S 22, 2
DER (12) 1&, (ng,ny,n.) OWTEE sinc D%
BHHTH %, KA MOZEME T % M,, M, M., &
X% L (IR0 %), ZEME 0 = 1,2, ..., M,,
ng =1,2,...,M,, nyg =1,2,..,M, t &L, G

BIOKIE?,

G(nwany7nz) = (2M$M1/MZ/L2>X

[dn(ng) Ky + dn(ny) K, + dn(n,) K],
(22)

exp(—(r/aL)?

K(nxvny7nz): Z (nxanyanz) AAZ

ni,n2,n3

. (nx+Mxn1>2P . (ny+Myn2)2P
smc | ————m smmc { ———— X

M,

e (T2t Mena N
M, ’

M,

(23)

ZZT, dn(n,) ORAF L1 @ (13) 15 L7z,
T PIZ 1L EOBERBTH 20, "EM LR
WP BERND P=3%foTn5, il A AL
LTEXRTEZHN B,

M\ 2P
A(ng,ny,n;) = Z sinc <n+Mnl) X

ni,m2,n3

. (ny+My7l2>2P . (anernS)zp
sinc | ——+2— sinc | ———— ,

M,

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

Appendix B : MKSA B R TODAHIEN

MKSA & CGS OEABA OB 15 1 OXFIS
BRI H 5, MKSA B RICBWTIX, FEEE
3T = e?/dregeakpT TEFRSND, ZIT, eld
B, € = 8.854 x 10712C? /Nm? I3BEXEH, a
VIR FREERRE, kg 3R Y < VER, T N
BETH20, c ZEITTOFEEEHRTH 5, ne %
ETEE m. 2EBETHEHE2T L, 71 PRFEe
BT 77 XA<REBUL, \p = (cokpT/n.e?)'/?,
Wpe = (nee?/egme)t/? L5260 5,

TR RN T, MKSA BARIZBWTIE (4)
% q?/eomsk? LEEMZ ZREND D, —T7, (5)
TCi, Wpe & Wpi X €0 %ﬁﬁfg D ) E?ﬁ%@%\%&i
AQIA

HEENTEATHES (F7—n ) o &g, £
HoHzEZHT L,

N
dvz 4iq; Ti—Tj
47T60r Tij

(26)

“C“%Z)o T X1 %*ﬁ?@@@, V; Ciﬁﬁ;, m; Ci’;{
B g ZEW, N GH T, d/dtOEEEoms
Tij = |'l"i —T‘j‘ VC“Z’DZ“'Q jj@i%ﬁ FC(’I") VC&i, CGS
%ﬁ%@ qiq; ;}f, MKSA $1ﬁ%® qiqj/47reo twﬁi
BT L,
BRI ZILART 2~y 727 2 L AHBRERICO0
T,
B(r,t)/0t =

€0uan(T, t)/at =

N
— Mo Z iniS(T - Ti)»
i=1

~V x E(r,t), (27)

V x B(r,t)

(28)

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

rt):(UqﬁE:%SU“—m) (30)

22T, ERZES, BRHEBTHD, S(r)idr—0
R T2 HFEHED 28 (BIRKRF) TH 5, £z,
po = 47 x 10~ "kgm /C? IR ELTH %,

MmN 2 E S AR L T, EEE p, &
JERE o, 12 DN,

N
dpl/dt = — Zv[quj/47T€0Tij + @(TZ‘,T]')]
P (31)
+ qi[ET(ri,t) + v; X B(’I”i7t)],
dri/dt:vi, Pi :mivi/\/l—(vi/c)? (32)

WAL T %, T T, J#lE c = 2.998 x 108111/8
THB, D(ri,r;) 1 LI EF > v (L1 BH)
C, B Er(rs,t) & B(ro,t) 55 (31) 4005 1
WD Vgiqj/Ameori; + O(r,1r5)] ZZ LGN D
TH5,
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