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Stress waves to propagate a bar with thin part.
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Abstract

We studied the stress wave propagation in a round bar whose cross section became gradually smaller. First, we made a

stepped round bar that has the average diameter of the gradually changing part. The stress waves in this stepped bar were

measured by an experiment. And the stress waves in the stepped bar were calculated by the theory of one dimensional

stress waves. The both stress waves accorded well. The stress waves propagation in this stepped bar obeys the theory of

one dimensional stress waves. Then, we actually made a round bar whose cross section gradually changed. As experimental

results, reflection and transmission waves occur in the part that cross section gradually changes. Shapes of the stress

waves of the stepped bar were compared with those of the gradually changing bar. As the results, it was necessary for the

length of the stepped part in stepped bar to be averaged. The stress wave in the stepped bar of the average length was

calculated by the theory. These calculated results were in accord with the experimental results of the gradually changing

bar. As the above results, the stress waves propagate in the gradually changing bar can be calculated by using the theory

of one dimensional stress waves with the stepped bar which is similar to the gradually changing bar.
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On the continuity of free energy during black hole formation

RE¥F #88L  Yasuhiro SEKINO**
$K Bk Yasuo Y. SUZUKI*™*

Abstract

We address the question whether the transition between ordinary matter and a black hole could be considered as a

phase transition. The defining property of the phase transition is that free energy should be continuous at the transition

point. We study free energies of black holes and ordinary matter (neutron stars and thermal radiations). We find that the

ratio of free energy to internal energy for Schwarzschild (static and spherically symmetric) black hole is exactly one half,

which is different from the ones for ordinary matter. If the black hole formation is a phase transition, this fact suggests that

mass (internal energy) is not conserved during black hole formation, contrary to the common belief.

Keywords: black hole, thermodynamics, quantum gravity

1. IZC®HIC

B (BN CBWT, 79y 2 E—ig,
FEEO TSP TE 2 VHIEE LTERSN D, P
OIEARFEANIE T ML DT, KLbZLIFTELNMAZ L
BHEEZZVEVD T Ty 7 R — VoM, FEHICTRICE
LoNb, 7T v 7 m=VIZESLZWROTERIZEDIS D
EBID, Fi TIv R VIIBEIETHIEICLD,
BV 22BN LRWEA D H, v ) FEhbake
MIAEL %,

1970 4E41C Bekenstein?, Hawking 522X 0, 75 v 7
A= VIFREE TV bR =% 3o BN HMMATH S &
WagasZ e RBEInz, ZhUlLkbE, 79y k-
DI P —ZHLOW T B TE L WFHHOBR) o
MBI L, REE R CORMEIICET 2, 20
L IMET 5 & B4 TEANTAHY 3 2 A9 D 32075,
Zhud, BENIERWAEMIGRE 2we ) b d o7k
Bbhsb, LarL, 0, HawkinglZ X 0B TaICHE
DI 5T, 79 7R —VIZWEZRINT S DAT
E7 <, ARHREOBEES I L Twb 2 LAVRE NIz,
COHRER, 7T v s R—VEHEOEEEBEEICH D,
W OBI PR L FRRICIRZ 5 2 L 2R L Tnb,

TT v IR VEBIIFIMEE LTRETIENTEL R
5, WHOMENSLT T vy R— VAT S Wb\, M
R E R b725 9 0 AT, TOHEELET S, H
EIEWEMNEL B LT EZRBOMEOZ L THY, RO
NG R =5 OHOEALIZAE, & S TH S 2O YRR IR
HHNEALT B I L EBHERE V), FEGHEROE L
TIE, &k - R - ko BomEke, #BEEcBsrs, 4
FOWRE—RA Y POREIHRi> TVWLIRELNENT V5
ARIREOWE (WHEIKAWAEET) b b, BER
R (FEBCHEBLENDIRE) LA MZ AV F Ao
RETHLDT, HERMZ2HOAMI AL F—2%1L L
%5 L TR ON, BT AV — %5824 2 [ 5

FEfs=ft 2021 £11 A 8H
FRIE AR T A ERRE R

BTAHTLICENREINLEEIT, RIS R D FHL 72
D55, BlZIE, KEKOHERIZEBNT, W AILF—
IAHESED 7230, BRI BHND

AT, 79y 7R = VElEOWEOHBET AN F—
ZRDTENS R I T %o WHIZ NS O ORI R
BTHAHLLIEIEZOLNTELT, 77 v 7 85— VDK,
BNZ TR R NEOMEEZZ 5N TWh, TR,
75y 7R = )VOREN I ORED S LD & IEFIKV 72
B, YulihLTLwiZr) Ln)EZ NS00, AT
X, HFLLZHIREVYNENE V) ZEEEHT S, K
TRTT T v 7 R— )Ll OWED DR ORI AR & K
L) MuAOEE L2 5I23ES RS, HER
EETVz,
AEOMKIILLFDOLBY THD, T, H2HTHEAL
LT, BEOBNFEEHANFOEANFHEL T LOTE
o BE3MITT T v 7 "= VORI FOWE 2B, TF v
JR—IVOHBAZANF—%RKD D, HFAHTT T v 7 K-
WEBAWEOHBI A VE—-DRKEITV, ES5HTE
DEREERET 5,

2. BHOFEBEINE
ATl PBETHY 2 &%k 280158 Lt IFofkR
WHIEHZ LD THL,

21 BHHIRNLY-

NI ANF—U, WET, = hot—S, Ehp, K
Vo 2BIFWIKE, FNOOMNELICE LT, B
JiEEEE 1)

dU = TdS — pdV )

7230 T dSIZWAR IS 2 B, pdVIZWIEHAERIC
FTHEHEEERL TS,
HHZALVE— FliE, UToOXdITEskSN,

F=U- TS 2)

Z DRNEALIR



HEAFETFMERS Vol.19 2022

dF = — dTS — pdV (3)

e FidfE (@T=0) T, K279 b Kogg,
HHIZ ANV F—DOBLOHFF5-AFTH 2 b b, T7z, —
EETTORDOEERIREE L 1E, HHI AV F =25/
HHIRETH D (MOIREITE L 1230 5 IEofhF % &
N5 EPUERDT),

HHIZAVF—1L, WEHNEIBWTARENERL2ETH
bo N ZHNVHADOEZTTIE, Z0E VLI 7 aksIR
BE, ZOIRNF=ILE L Tefli &) BAEMTTEHL
7ERE %25 (22T, ky=14%x10%]-K! % Boltzmann
EMELT=p 7 THY, REIDZAVF—FE L LT
%o) HHRIZANF—1Z, MK Z=% % HNT,

1 1
F=_"logZ=—-=1lo e PE: 4
5 log 3 gz; )

TEFEENSL, RONLLANVF— Ul, TAVF—OHifF
fili

E;e=PE: ad
- R )
THZOoND, TN @QIZ—HLTwbZEiE @»on
5IENIND OF/0T=-SH B0 %

SEEEICBWT, HLANVF—ExioINEBOHES
(w70 ZIREE) PERICELONEBTH L. TOHE
12, TAVF—E®F-723I7uBREREWE) ETLE,
Hilm A L ¥— 41

U = (E)

F:-lmﬂwwkﬂﬁzE—T@bywm

B ®)
Ll ho MEMNFTIR, ¥ b —IZREROWNEIC X >
TS=kylog W(E) EEFRENLDOT, 2, 72L2I 21
—H LT,

FRDNT X — 5 OEALITHE, TR~ 2 B RS A
NEDLODPKIERTH 50 JHMIGITIZ, T3 VF—EDVS
BWIREE L, IREEHAZ N (—Tky log W(E) A/NE W) JRED
EL5%, HHIALF=AVRE VR w) HEICR 5, (1
PEROBITIX, BI#HD ST OMAE— A ¥ DO XD i 72
REE, BEDVMENT ¥ ¥ A%IRE) MEBMTIZ, WHEO
HHI AV F— 3% 1L kb,

22 EBETFHEHZE

BTHERTIE, FROSBRBEOERICBVT, TRV
F—E 2T ANF—ORfAMHE LT, ZANVF—[EHIRE )
NINVNZT VEETEHE LT, H|i)=E,|i) &7z 3Ik
) 2oV Tof%E & 5,

10

Z = {ile™?"}i) ©

%

B FICBIT LRI, el W) AT TERIN
%o (22T, 77V 7 EBER=66x10%].s& LTh="T
Hbo) £oT, e, BEIFH—inp TORHIFERE L Ais
ZENTE D, mTHFEIIBIT AR5 E % Feynman OfEH
Brick T &, (6)1F,

Z:i/ Da(t)e# Jo” £lim)dte @)
2(0)=a(hB)

LHIT D, 2T, Llt) TR, OBEE LTORD T
TS5 UITVTHD Wil TORDIREEZ RIS EREZ
T, 2(ty) & Lo Da(t) 1, BHRHTEY I 28 TOr(t)
DEIZOWTHGT AL RERL TV, 727210, (6)ICB
W, RIREB L RIREZS TG [) L) A—IRETH S
ZETHIB LT, (7) TSR Stk a (0) =2 (1p) 2T o
FEL WS, B2 1 3Cko S )

3. 77y IR—IDBPFE

WTIE, FHHEE T OYE O Schwarzschild 77 v 7
A= (AEBESLEMEZR-EWT Iy 7 h—)b) L),
ROMHELRBICR o TER D £TT Ty 7 h—NDIY |
O¥— LEICOWTHST 5, Hawking 5 DL 29 TH-
A DB RER RN T 5 2 LidHkevs, LML
AL 25, HIOREGETHHZAVEF—%2RKD 5,

31 TIvIR—ILBEE
Schwarzschild 775 v 7 &x—JVix, LT OFHETEEN S,

2
ds® = — (1 - %> (cdt)? @)

,
=
+(1—2§%Qi>(h?+ﬁ(w2+ﬁﬁamﬁ)
ZTT, MIZ7 Ty 7 h—VORRE, G=67%10"m’ kg
sTEENER DTAGIER), ¢=30x10°m - s I3EHT
B%o MR r—o0TIE, (8) DM 1E & 42 HOIMMIE 11
D E, FMARZED <o
B R r A3 T O

_2GM

R 2

9

&

DFLEICH 5 2RIV F L O TR TH B, DI
(r>R) SR (r<R) ICAB I ENTEB7S, MFTE%A
Ve —BlE LT, B &I R EE 2B L, K
DOREET A RTT 2 BB Y T (ds?=0) THHZ END, M



INEFR X dr=(1~R/v)cdt %725 o HEBRE Tl dr=cdt 7225,
HEHE S (r—=R) Tlddr—0& 7%, HFIHE LTl dr=0
ZOT, WHEICEHT RV LRG0 5,
FEROMHEREZ L LT, JENT AN F -] )
5HEAND, TGS OB 0 O FefFym? =G5k
Ho=cEMRALEEZLIEBTEL, (7272, =a—}
YHFETIERIFZENOREZZ T VDT, =a— b rIj%
12D ZOREIARB I ZOLEITHEATE v, REEE
DOT—HTBDIEIPHRE NI RETH B, EE, HEZH-
WEOE LY THRBMBBAEIIHLTIE, =2— 2
FERv B EUVOBRIC L 28E, ELwiie 258
BHZEFMENTWS,)

32 I hAE-—EEE
HSEIHNEPEER O 2 ROtIKI 22 DT, DML A=4nR?
ThHhhb, 79v 27— NOLr ba¥—S8i& Schwarzschild
7Ty I R=IVIZERLT, ARILT T v 7 R— IOV T—
ez,

S Ac?

tn  AGh (10)
THHEEZONT WD, S/kyld, FIfiTli~NzX )12, Ik
BEONBERREINIRERETH Y, HBRILTHS, Hl
X, IR

Gh
?§=1ﬁxur%m 11)

lp =

RHALE L THONEETH D, 7T v 7 RIE, Eh &)
HHHECIIENOREFRRPELEII LD LEZOLNTVWEE
XThb, 7TV 7 R—IVOIy bu¥—poiREH%EE
LTWB0IERMHTH 25, RONZHAIIIBREIERIC
LOHHBEZ SN TW5B Y,
KEGREDER 1T Iy 7 x—NVEEZ DL, PE
WER~30kmTH Y, TV ba¥—i38/k,~107 &\ JEH
WCRKREVHTH S, WigD720, Kb RBEOT AL F—
CIREE R F o 72 BRS (ZOBIIFNIEH KIS 2%
25E, S/ky~10"ETH D, BIRGHIBEHFOREL D K
EVWT Y bOE—%FO0, TNTHT T v 7 A= IWTHX
bl T haV¥—ZKIIEIZPNE W,

Schwarzschild 77 v 7 5k — VORI,

T_ he kel
- 47‘(‘Rk}3 - SﬂkBGM

(12)

LEZONTWS, KBEEDT T v 7 K= IVOIREIZT~
107K &, WHOREDPSIZIEFITNEIVETH 5,
T 7 R—IVONELARVF—1Z, MTROEHRAEY

11

TS5y I R—IHRICE T EEHIRILE —OEREMEICDONT

U=Mc*TH 2%, Tk, =¥ bhut— (10) LA (12)
DRNEALIE, BI)E% 1N (D) 2729, 406, A3
OWEPE NI R DD, ML TWDET T v 7 R—VOgs
WHFOHAZ GO RO ) VDT LATRENTWV S I,

7Ty 7 R=IVORBEIIHHICIZDTO X 518N 5,
IO (@) #MareER, rORb DI, WD S O
RIEREEp 2D LT 5, Z15 O MR
&, HCTHAS TR

" dr
p(r) :/R \/TT/T ~2VRVr —R

&Y, WP OFHEIZ LT OFASH T 5o

ds® = cdt)? + dp?

—ﬁgﬁ(
ZIT, ity CENTERRE L, IEXMEOEE (Euclid 3&) %
EFT Do
ds?, = L,02 (cdtp)? + dp? (13)
4R?
COREPERERFR W L2 EET S L, Buclid B
ta 75, M ARR/c #F5 72 I NER bW Lilh b, (9
FiuE, (13) 13 7% 2kIT Euclid 22/ 2 MEE TR L 7-5F
WICR B0, £ ThVE, KIBMADHELTp=024FR RIS
%o TLE).) ZOFEMDPHEHCRRAABIZFLVETS
CEZkY, HE A2)ANEr NS,

COMER, UTOL) EREZFHOEZILNTWVS,
BomTAboks, HEARRE (RIRE) 2 e 5ok
K7 0%, Euclidfbo hgiTdh b, TANVF—E &fio72
REBIZIE, WERIZEIRIC L Y e &) WA 575, B
DR t=—iTZ#ZZ TCT—>-0 b $T52LI2LY, HIIRE
ELTZANF—/NORBENY T Z LN TELDT
H5H (LEPEHEBIR) . 79 v 7 R—IVIFZIZBWT, R
P ORME R 2T EE b v wnw) 2 ik, F0Lk
TEESZIILOETILERTILT S L, URMICHTEZ
FoZ il b, (—J, VK22 % Buclid{b¥ 2 B0%, &
B 2 FIC LW L QORI AT & gk
Thb,) Thbb, 7TIvrk—NZ WE (12)%x#Ho72
BUREHORIZH B EEZ HLRETH D, (ENEFIIBIT 2
RHR R E OB FIIHT 2E0EDMERIZOVTIE, W
CENB,)

72720, T v o R—NE, BIFENIIARERLEZD
NTWb, 779 7 K= VONBEANF—U=Mc*IE1/TIZ
W55 (MocR, Rel/TE D) OT, IWMEMNEWVIZEWNR
IANLVF =M, 2F Y, 7T v 7 k—NoltEkoU/oTi
ATH Do — IS, IRENRLZ 200 kEHMIES L,



HEAFETFMERS Vol.19 2022

VFREOE NI W TICE (ZAVF—) OB#dE
b0 TIVIAR=NVORBMPALZLVY)ZLIE, TTv 7
A= VORENRRFOEEL VL ThEVE, 7Ty
T OBMRGFIC T ANVF=A2RBY, ZhicXy) 75y
A= VOREIXSHICERAT L, ThaefDEL, HE&MIC
T Ty I R—NVIIERTHLEEZLNTVWS Y, (MHEBIZFRS
DN T VT LREH DT, 759 7 F—IVEHBHEL
TWWE ORI VKDL D, L) ORT
5 v 7 K= VOTEHIE & I 5 RIFETH 5 ,)

33 759y IKk—IOBEBEIXIFE—

Schwarzschild 79 v 7 A — IVOHHZ ANV F—% KD 5
729, ¥ bu¥—(10) LHE(012) 2T TS 2 7R L THa
5L,

ch rkpcd R2 AR 1 9
TS = - 8t _p 14
irksR ~ Gh g aMe
Yhde £oT, HITARLF—I,
2 1 2 1 2
F=U-TS=Me - M =M ()

L), NEBZALT—DB £ ) EL5THE I VG0 b,
COMEER, AR EVBEFOERE,LIE, PR LW
REZEHH, HfiTHRRIZL I, 7T v 7 R—VORFE12)
1, EEOWIIRAOREICIERTIEF IR E VDT, B
NN R E TS T L CREZE) IS EbND, L
L, EBREZY PO =8P FIIREVTD, TOKS S %
HioT, TSEHAULL L) ERMUA—F—1l%hoTW5,

34 BAOFMERICETIES

7T v 7k — )b &l OYE O R BJIEN R A R &
LT, LWV REED XD kA ITEE T DN TR WD,
FNELUTOLS ZHEICL bbb, TRENIZON
THELTHhD,

H1OMAE, 79 v 7 R—VORENEFIMRNZ &7
EEbLNDY, LD L HICTy b E=2FEFITRE VT
B, MK TS HAMICHN) FIRIR L WAL TE 2 LI1ZR
bawnwetilibhs,

HE20OMMIE, WEE, 77 v 7 F—NVOERIIHEIZ, AL
8 7 IRTE AV S R IR IZ 20 ) JEPARBAR 2 L R S hvTwn
bzl Bbhb, T0XIICHZE, WMHEOHHZ AL
F—DHT o TUIRIZE WD) T LT Do 7285, HRERoBIH
HICLDBTI v 7 R—VORBEZEZLLELTLLZIEE
RwEHIZlbhs, (BFENMGEZ 1 AOBMZDST
7R ATELHMEZM > TERLTRETHLLEZ LN
THEHO, Z2o8E, FHRCEE2BINEEZEZ 200 HK

12

TH5o) ik DML TIEIEDOBEE T D e A 7552
BBV FENLGTHL LI, EoBE» SRS
L, Ty 7 R—= VORI IEROB 2S5 £ 9 IR
5o (THUE, EIZXZRFRELEIFENG,) THZ
&, N, JREMEEZ SN TWAHMEEED, W02 P IRE
DEINHIRETHALZLZEFRLTWDLENE Lk,

3 OMME, LTz X 9 IZSchwarzschild 75 v 7
R—VIRHEOIEEFFOID, BJIFERHE I FITB VTR
FERREE LTRSS ek 2voTidhnrbn)
BanbZe bbb, 72720, AORBIH S NEEMk
7Ty 7 AR—IVOFEFEOBRIHNDWEIZD, 7T v 7 k—
VOHIEL, THERMZBEZL L) A r— VTR %
HLEHOT, WHEOWENPST Ty 7 F—VHAEE S5
BLIFTTEZLIENTELPD LV, 7Ty 7 k—
NVEDBWIREZF - 2BEOMENS T Iy 7 k=Nl
ANF—=HEBLBNIE, BAOBIE ) Ree izl
TwEHllEbns,

HEIOMICHE LT, ADFTHEZF 2K FY v ¥ —
(AdS) 2212313 %, Schwarzschild 75 v 7 A —VICET %
Hawking & Page DWFZE W HH 5. AdSZEW D6, FIHEE
Z2 Ly, BRI MR 2 S L IICE I &R & ) e ET)
RFEVVXYUDBEAET Do ZDL ) BRZEMNTIE, +HKE
W75y 7RV (WFEEOLEEMN AIS OIERPEEL ) K E
WH o) IFABEFEE LTS, EHRT VI VL) E-S
TELBIEREZWINT 52 82X, REICHEELD 5. H
HI AV F— DN A5, REICIHCT, ARG ORET2E
W&7F7y 7 hR—VORTHIERINEZ 52 LAVRENTW
LW, 72721, WO LEN AdS O PE L ) /S v
Hi3, FHEERORED TS v 7 k=L Lk, ADE
R LB FICALE TH Ho Hawking & Page DIf7EIE
BEFMI R T, REBRIROHE R DS, AdSIREZ2REA ot
BIZHDOWTBY, @EOWEE T T v 7 R—VOEEEY &
VEZDPEV) I L CERRBEZEL I L IEHELV X
bbb,

4. BALEMEOEBRIRILF—
MEiCRDET T v 7 R—VOHHT AL F— L ]IET 5
7280, EEOWEOHHIANFE—2RKD B, 9, iy
BTTY I R—UBREEINDERMORELEZ SN TWD
WETRZEZ 2, F72, BEDRD, BERHE*EZ 5,
g, EF VRGO 2 EO 1> THE I L L,
BTSN B OGATE2 2L W) HEANSTH S,

41 thEFE
TR, SLHICIUTO L) REFVTHP S
bo mTNFEIIBWT, FHETO L) %7 oV I, X



7 ) OPMAC X D, W UIREAZ 2O Lo 72595 2 &
Bk, XoT, BESYOOE, KT iLE—
MEGCIRIEDRSIHICED B 2 L2k b, TDX ) R ERE
M7 I REVV, TRV F—DECIREBIR T 2550
RADBNWZ L EHREOMBETH D E VI BN ET S, i
PETRTIE, MBRELENIO) G- Td, WTONMEL
BEREROBIINA ¥RV T ORMEEEBRACAL> DD 5
DT, 3WILEMIZBIT L IREHIL, 2[[@xdPk/BPTHZ bR
5o D 2M51E, AY Y 12% oM THAI0 S 2D
DA YDMEIZEEHDTHD, THTEOZ AL F—%
X, ERRORERISPETOEREm, 20, (BAAED
72Y)DGEOT) xMGEEANTHOTHY,

kp

m 87

r)= —=87 E2dk = —m k3
p(r) 73 /0 373 F

(16)
Ehbo 72720, HHNGEYEERE2AZ LT, dil)R
B fdk %, ZOKE Sk=|k| DHORES dnfkidk T X 5
Rlco TANVF—HEZROPLISOHHErIZE 2D Tp()
LTS, HHEENTVEIRKOEHEOKRE S DI L
7V IEBHRE V) 7oV IEBED I mellELL R
BEEDZ L P T ROBREEp. & v,

4.3
8mmyc

3h3

Pc =

Thbo BENPINL Y KEWE E SN2 IRE
2 LEBDH B, p0) <p. OYty, LELOBEEREIIYO
HRNITRALCERET 2 &, PEFEOFEREEHEMIZ
UTDOEH)ITHRINDZ LEDRENT NS 1,

1/6

R =11.0km x ( Pe > (17)
p(0)

p 1/2
M=27TMg x [ == 18
® (p<o>> 18

7L, M,=20 % 10°kg 3 KBy E R % %5
p(0) A, L FRENZIE DK EVEA, T O
7 IRAE R & T L C— Rt A R, B el

PEF2 5 OMIED LTI 250 72, FEEIIEHREFRTICIE
WENDH DI ENGHoTEY, S5I0, BT TRL
74— ORMIREL LTREND TOMOWE BT S
LEZLRTVA, (BIZIE, TP BH.) Zh5ICHT 2
FHIEZ ) ANTIEMEZ2EZ KO B DIEFH LS, +—5—
LT ERIGEVWEE 2 5N,
Filo¥oilEs LTofeid, mETH7 o Jls)h
SRS 2 T AN F— e = -k ICHASTHMM SR
FRWEMTH D, ZUE, @HEOPUETFEOIRETIZLD

13

TS5y I R—IHRICE T EEHIRILE —OEREMEICDONT

Vo TWbEEZLNTWS, 7T v 7 F—LEDREDOY,
A, RROX I, FHREBOLDEHIRWIREZEZ 5
TLICRBERDNLEDOT, THEN-oTWEEFZEE
5o (RENEBZZNVIZPLOMILEEZ T=00Fb ) DR
e LTROBIEDTRETH B Y,)

WEXY T, MO ELRERIL Z2oTZzoRMMTHL T
YhEE-EF¥uThh, HHZAVF—IZHIBT R L F—
&LV, $oT, ETFREOIAVF—I1L, (18) (HDH VT,
MR R ML % 20 720 THEZ LN ER/RMZ VT,

F =M (19)

THZ2bN%,

42 #Eggt
BIREOWNIBT AV F—1%, BRGEOERBEZ o0& LT,
2T RN R X B, BRSNS ST v
7 DRR

Vi [ w3dw O
U:W%?A e =42VT o
ThHZbNbGY ZZT,
7r2kf§
= T 21
77 602 @

1%, Stephan-Boltzmann 2 & M srwThb, T2, H
BT AovF—Ig,
1% ° 4
F:T——i/ w%%(1—JW@T)M:;~ﬁVT4
0

m2c3

Thbo $oT, BEEHIZONTIE,

1
F=--U
3 (23)

DERYD %o

5. ZL2 . BRIXILF—DPHOTRR
FROLIZ, TIv I AR—NVIIBIFLINFZ AN F—
ULHHIZANVF—FORE (F=U/2) &, THTEO%E
(F=U) RBMRHOYHE F=-U/3) L8%b I ED5h o7
COREI % ERT 5725 9 D

TT v I R—VEBTEOWEADOMOERIMHERIZLE TS
&, HHIAVF—ZEBR TR ITIUI R S0, TO%E, W
W ANF—PRERNC 2D, BIzE, hETE»ST T v
7 BR= VOB T, 2222 L1% 5, BHEORE
WHEONETIE, TAVF—DMAD (B2, B
SR M) PRI EE R (ThbBNIT AL
F—) BRETHERESNTVEDT, THIZFEFICTH



HEAFETFMERS Vol.19 2022

NOWREEENTH LD, TOXH)HRI LRI Y HAZILEIL,
WH OB DB, O T ANF—2BLIENTELDL
FIRRIS, 77 v 7 R— VDS PO BRIRES 2> & T 3 L ¥ — % 15
5720 CTHb, TDXIBMBIL, 7T v 7 R—IVOWMEN
IR N T2, MHTELEER DONTEEIE 72, 7
Ty I AR—NVPIEHICKRERTL Y PR -2 DO 0D,
D& BRBIFIHEIRCTETLBL LT R,

Ty 7 R— IV EBEHT, AR AL —DfF5h%E )
Z L ORI, BRI TlE - &) 59 5 v, BAIRE S
T I R=VIZEDLLZ LRI D RT VI & TRV,
JEHEZIZ TR L EZ DN TWwD, TANF -2 o721
B3 THo THOENOBFICRZ720TH 5, T, HHH
LT, BURENAS T Iy 2R — VAR IS L v
BiZEEZOND WX, ARREEOTFHRE2EO R
PRI 2 3Lk 9) e 7T v 7 K= VORI HER TH 5 %
5, HHIZANVF—OF 55T, TREERICTLHI L
BTERVID, BEFRPOEET T v 7 =S
HZEERVwEVW) T LR LN,

SHBOR D EELPEIL, @EOWELT Iy k- D
EEISHER L A2l hEIE-o&D SE22LTH
%o BFZEDEIE S NT2d DL LTZ O ETY OB 15 % AT
T2 eV EHBENHGTIE, JhiCREIO R, #
OFNTIE, 7T v 7R —VOERBIERD LS i3 EswT
ERVALTHAH, COMBIZEZ L0121, ®T-EH
WEDLDOEWLHETINE RSB VEBbNL, mTEIO
BEFBEEZONTWS [Fur g 74 —FH| 12k b L,
T EHEIIREOSR (ERNKRE) TERI N,
BNEEERVEGE U KXo TRtk T& s LEx
LENTWE 0, 2059 2#agme LT, 7— VW1l
BRI 238 50 SNHIEWTND SUN) 7 — Vi BEx #¢ 5
TINEERET AN T =5 Fio, TNOLOHERIIB VT,
7Ty A= IVIIERIREICBT A FHRE D2 L EZ 5
NTVDLY, BWHEOWEL T T v 7= NVOEENRE)FES
NEPE L GH o TR, TS O BEIIBME 2 A0 FLAE
A FODOTHNHHE L WS (B2, SCHKOBIR), A0
ZECHRE L7, AHHIT A VT -0kt & v MEICER L
TN ED D Z L 3B DH B L b5,

RIS, AfOFEEMEHNREEE LT, @FOWEE
7T v 7 R=IVOWEBPHIERZE L2, B ERIEm
PICONVWTHRRD, FFEEKE L, —HoMTidEu oty
OHTIIARRMEEZFFO L) ZmTHE (Fl2E, WM
B LWL . METREE TS v 7 F— VOB ORFLEE
i, N YEIEA D T TN F U &R,
7Ty 7= id, B, AR, EAOATRHEOTS
NHDOT, NUF U BEEQEVIRELESLH, BHEGRTT
Sy 7R = VIR ERBT 5121E, AT RV F— ok

14

WA T, BREEED AR S aIcZEb 2% 30T %
VBN S 5o

L, U774 —FHIIHESRRNERT, Ty
A= EEEOWEOBIMER TH S 2 LAVRE NI,
bR L7 NES = AV F — o JEiiitE & v, BIREWEIIY
FHEPHRLND I LI b,

e
Z ORFTEIE, 201947 — 2020 4F FEFFHR 3 T4 JE i 36 1)
WD % =2 TiTb N E Lz

BEXM

1) J. D. Bekenstein, “Black holes and entropy,” Phys. Rev.
D 7, 2333 (1973).

2) J. M. Bardeen, B. Carter and S. W. Hawk.ing, “The Four
laws of black hole mechanics,” Commun. Math. Phys. 31,
161 (1973).

3) S. W. Hawking, “Particle Creation by Black Holes,”
Commun. Math. Phys. 43, 199 (1975) [Erratum-ibid. 46,
206 (1976)].

) ¥y )Ty, SREEES EIEE, 19804,

5) A. Strominger and C. Vafa, “Microscopic origin of
the Bekenstein-Hawking entropy,” Phys. Lett. B 379,
99 (1996); C. G. Callan and J. M. Maldacena, “D-brane
approach to black hole quantum mechanics,” Nucl. Phys.
B 472, 591 (1996).

6) D.J. Gross, M. J. Perry and L. G. Yaffe, “Instability of
Flat Space at Finite Temperature,” Phys. Rev. D 25,
330-355 (1982).

7) M. E. Peskin and D. V. Schroeder, “An Introduction to
quantum field theory,” CRC press, 1995.

8) S. Miyashita, “Energy spectrum of a quantum spacetime
with boundary,” Class. Quant. Grav. 36, 155003 (2019).

9) S. Miyashita, “Gravitational and gravitoscalar ther-
modynamics,” JHEP 09, 121 (2021).

10) L. Susskind, “The World as a hologram,” J. Math. Phys.
36, 6377 (1995)

11) S. W. Hawking and D. N. Page, “Thermodynamics of
Black Holes in anti-De Sitter Space,” Commun. Math.
Phys. 87, 577 (1983).

12) S. Weinberg, “Lectures on Astrophysics,” Cambridge
University Press, 2019.

13) M. Camenzind, “Compact Objects in Astrophysics:
White Dwarfs, Neutron Stars and Black Holes,”
Springer, 2007.

14) J. M. Maldacena, “The Large N limit of superconformal



15)

16)

17)

18)

field theories and supergravity,” Adv. Theor. Math.
Phys. 2, 231-252 (1998).

T. Banks, W. Fischler, S. H. Shenker and L. Susskind, “M
theory as a matrix model: A Conjecture,” Phys. Rev. D
55, 5112 (1997).

E. Witten, “Anti-de Sitter space, thermal phase
transition, and confinement in gauge theories,” Adv.
Theor. Math. Phys. 2, 505-532 (1998).

T. Banks, W. Fischler, I. R. Klebanov and L. Susskind,
“Schwarzschild black holes from matrix theory,” Phys.
Rev. Lett. 80, 226-229 (1998).

M. Hanada, J. Nishimura, Y. Sekino and T. Yoneya,
“Direct test of the gauge-gravity correspondence for
Matrix theory correlation functions,” JHEP 12, 020
(2011).

15

TS5y I R—IHRICE T EEHIRILE —OEREMEICDONT






b7
SHORT NOTES






WA RERR HFEAFEIFMESRSE Vol.19 2022

BHAREOT7ZTIVBEDEODHAEZTA X1—YA4 2 2—T 1 —ADRK"
~ AN A B <A Ateea ¥k U/-GIRAEhEEMEN 7 7)) TOIREE ~

User interface proposal for the visually weak person in apps

# HE Hong-Seok CHOI*
M K& Daisuke MORIOKA**

Abstract

This study defines elderly people suffering from presbyopia, cataracts or people who feel visually uncomfortable using
smartphone's apps, such as people with color vision deficiency, are defined as "the visually weak person in Apps" and the
purpose is to create and evaluate a user interface (UI) that is easy to recognize even for “the visually weak person in Apps'.
The UI produced is called Initial Customization Function (ICF), and when the app is first run, a user sets the combination
of background color, text, button size, theme color and accent color in order. In the experiment, the settings selected by
the subjects were applied to the app and used. There were 27 subjects, including college students and the elderly people,
and all subjects, except for the elderly, were similarly experimented as people with color vision deficiency by wearing
Dichromatism Simulation Glasses. It was found that the ICF proposed in this study is effective for people with color vision
deficiency in that the experimental results with ICF were completed in about 21% shorter time than the experimental
results without ICF in color vision deficiency.

Keywords: User Interface, Smart Phone, People with Visual Impairments
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Fig. 01 Application Ul prototype: ICF screen section

Fig. 02 Color-blindness simulation filter "Variantor"

4.1. ICF (Initial Customized Function)
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Comparative study on the impact of overturned furniture due to differences in material
and structure

HA % Terumi SHIRAISHI**
fIEE B3 Mari ABE*
#M K& Daisuke MORIOKA**

=EE FE  Kazuma ENDO***
KAFE#F  Yasutoshi OKUBO****

Abstract

In Japan, where earthquakes occur frequently, the concept of indoor disaster prevention is increasingly gaining importance.
A way to achieve it is by developing of furniture that causes less injuries to human beings due to overturning during an
earthquake. The authors have been evaluating prototypes of furniture that contributes to indoor disaster prevention by
working on weight reduction and elasticity using bamboo materials, and lowering of the center of gravity by modifying
material distribution. In this report, we conducted overturn experiments using prototyped furniture. As a result, from the
changes in acceleration and waveform at the time of collision, it was confirmed that the difference in furniture structure,
material, weight, and center of gravity influences the impact due to overturn. Specifically, weight reduction has a great effect
on impact reduction, and bamboo’s elastic structure has the potential to reduce injury by absorbing impact and prevent
rebound. Furthermore, it was suggested that a low center of gravity not only helps to prevent falls, but also contributes
to reduce impact.

keywords: indoor disaster prevention, overturn impact, earthquake
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E#dtimE(C T B KB DREDRISHEAE

Effects of urea application on rice growth in a cold area

FHAEXF Kanako OKADA*™*
1£iE 1A% Yuki SATO*

W& #8  Akira KAWAI™

BH ZE— Kenichi KAKUDA**
Abstract

This study was conducted to clarify the effects of side dressing with a urea nitrogen fertilizer on rice growth over 2

successive years. When urea was side dressed on the paddy rice, the number of tillers was higher in comparison to paddy

rice without the urea side dressing starting at 15 days after transplanting, and the grain yield increased due to the higher

number of spikelets per square meter. The milled rice protein contents were lower in the rice grown with the urea side

dressing. Therefore, we concluded that the plant growth and grain yield of paddy rice were comparable between the rice

grown with the urea side dressing and that grown with an ammonium side dressing.

keywords: #II/EF, &%, TP T B TEEER, K
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HE) R A2 T WIEB L OMEOE WMEWZ 2 52 L1k
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FNE % FAE AL A T A, HEALARHE B2 5 2 320.5kg/10a
ZRETELOEINTNE I,

FENOKH TE—RMIZERE U CREEIREf, 225
FERE LCT Y EZTROEHZHAT 2, REEXT V€=
7T REE LR, R OBEEFROE N L HaEHY
7o 0 kg A3 <, B OVESERIRIC O %235 % LA LK
HIZBWTREEMHT2RREIWON TV D, RFET T
CHAIE, MK ERTT v ST &4 ) KRBT S
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S LICRY, KGR E OB O N OZ BB A K
3o erricshns,
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HIZBIT 28 2 REORLEHEEZHO»MITLHI 2 HW
L7

REisZft 2021 £108 228
APEEA LES A9 [1t2] 55884515 2021 F1 A pp.18-24
HRIEAFIBERPAZRFE U 2 XFH

* U RF RS
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2. EBAHE

ARFRBRIZ 20164F & 201 74E 2R 22 P oI iRk L
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— X7 HiRE L 83, KAEIF4 & L CHLBREETHEM L 72,
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%<, 8213 05kg% <, 8-4IX1325kg% < BHEZRML /2
LD, CNLEERBLADVOMERDOER LT T
&, MMM Oxa FHEINE IR L D% <, 2016 4F 134
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1 NESIVLAKRE

R B TR N JEEN *ﬂiﬁ pipe *W*ﬂi& BEGRE WRTRE ERORG RRyowH
(kg/10a)  (kg/10a)  (FH/mi)  (K/nd)  CRL/A) (%) (2) (%) A (%)

2016 4 T4 8-0 599 (100) 84 338 606 55.8 87.6 224 93.8 7.2
s 8-2 588  (98) 103 36.5 673 54.2 84.3 22.3 935 75

% 8-4 588  (98) 105 352 647 54.5 82.1 22.2 93.8 74

PR3 8-0 528 (88) 69 333 574 58.0 84.8 225 95.5 7.3

IR 8-2 560 (93) 80 34.2 620 55.1 875 225 95.2 7.0

JR#% 84 568  (95) 85 34.6 606 57.2 83.7 224 95.1 7.1

oo ns ok ns * ns ns * ok *

ST hE IR 3k ns * ns ns ns ns * ns ns
RHAEH ns ns ns ns ns ns ns ns ns

2017 4¢ T4 8-0 669 (100) 36 29.3 510 575 90.9 23.0 83.6 7.1
T4 8-2 687 (103) 24 29.8 503 59.1 90.7 23.2 85.3 7.3

Tt s 84 676 (101) 32 35.2 519 67.9 92.6 23.1 84.1 74

TR 8-0 613 (92) 21 285 484 58.8 88.5 229 87.3 7.1

IR 8-2 639  (96) 21 30.0 476 63.0 89.9 23.3 874 7.0

IR 84 620 (93) 23 30.5 495 61.6 92.2 23.1 87.5 70

M *% ok ns * ns ns ns * ok

SEOAT IR ns ns * ns * ns ns ns ns
ZEHAEH ns ns ns ns ns ns ns ns ns

* ek (T ENTNE%, 1% KETHETHHI L Z, nsiIAETRNWI EEIRT,
71y AMIEZ DEDIE 8-0 L KREITH T 2 FEZRT .

x2 ERHIURBHOME

Btk 0 (H)

14 21 28 35 42 48 61 114

2016 4% %80 87 (100) 91 (100) 151 (100) 276 (100) 427 (100) 596 (100) 581 (100) 606 (100)
% 8-2 89 (102) 91 (100) 151 (100) 299 (108) 489 (115) 626 (105) 607 (104) 673 (111)
% 8-4 86 (99) 97 (106) 167 (110) 318 (115) 523 (122) 654 (110) 644 (111) 647 (107)
W% 8-0 82 (93) 89 (98) 151 (100) 282 (102) 394 (92) 536 (90) 571 (98) 574 (95)
PR 8-2 83 (95) 92 (101) 175 (115) 337 (122) 446 (104) 549 (92) 629 (108) 620 (102)
PR 8-4 82 (93) 94 (103) 163 (108) 289 (105) 470 (110) 649 (109) 633 (109) 606 (100)

[ C ns ns ns ns ns ns ns *
ST ST ns ns ns ns * ns ns ns
RHAE ns ns ns ns ns ns ns ns
A H % (H)
15 22 29 36 43 50 59 99

2017 4 % 8-0 135 (100) 161 (100) 280 (100) 471 (100) 524 (100) 578 (100) 535 (100) 510 (100)
% 8-2 144 (106) 164 (108) 308 (110) 468 (100) 534 (102) 581 (101) 540 (101) 503 (99)
% 8-4 138 (102) 176 (109) 304 (109) 492 (105) 566 (108) 620 (107) 547 (102) 519 (102)
PR3 8-0 145 (107) 165 (102) 291 (104) 465 (99) 528 (101) 561 (97) 490 (92) 484 (95)
PR3 8-2 152 (112) 196 (122) 294 (105) 484 (103) 552 (105) 558 (97) 553 (103) 476 (93)
) )

PR3 8-4 154 (114) 183 (114) 291 (104 478 (102) 541 (103 541 (94) 512 (96) 495 (97)

o ns ns ns ns ns ns ns *
ST ISR HtERE ns ns ns ns ns ns * ns
RHEAEH ns ns ns ns ns ns ns ns

* k(T ENENE%, 1% KETHETHL I L%, nsiIFHETRNWI EEIRT,
71y AMIEE— H D% 8-0 X1 2 2 HH G 2R T
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BREFEOVY — 7 (IR E MMM L 72 & hxEhz (1
2)o L2L, REXMERML2%E, DRZEM (20164
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