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(#&(Z. International Conference on High Energy Physics& |
o) e BEMELICETHONFET N, KAFRESA (U. of
Rochester) %% H 33X —Z A (City College N.Y.) E#% K=Fx4E
ELTHARMNSITENTEIATEDHY ., BRIZESOTHDEANTY, Robert E. Marshak %%
BIEAIZ, /—R)VPEBEE /g E B SABUniversity of Rochesterd KR TELT &
Z S LFE L 1=, University of RochesterzBE%#& &, City College of New YorkDEE%
$10EMBFSD . D1, Virginia Tech M University Distinguished Professor&7i->TLN
FL 1=, MarshakB gD E LT ERRILI-KSAHYFETH. FIZ. ZfEFiRe
55UV ADV-A (Vector — Axial Vector) \BEER R EMEF R T,
* E.C.G. Sudarshan and R.E. Marshak, in Proceedings of Padua-Venice Conference on

Mesons and Newly Discovered Particles (1957); Phys. Rev. 109, 1860 (1958).
Cf. R.P. Feynman and M. Gell-Mann, Phys. Rev. 109, 193 (1958).
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19854 [ZRichard Feynman®”Surely You’re Joking, Mr.
Feynman!” (FRERIFIC TR TLLD, T7AUIUSALD ELNVD
BiEA HREhELT=(W.W. Norton & Company, New York,
1985) , ZDEERZF-EBWETHN, IREDE TELD
NINR—H—L RSV TREBERST-FIC. COARDIEAEE |
(27U ELTz, RADMarshakEE(X, V-AHEEARIZDULNT,
EDIDTEMN TSI ZERIZESN TV =&LSTLT=,
CHOARTIEUTDISIZEMNTULVELT=(pp. 250-253) , Robert E. Marshak 12

They thought I was joking. But the thing that I had trouble
with at the Rochester meeting—the neutron and proton disinte-
gration: everything fit but that, and if it was V and A instead of

S and T, that would fit too. Therefore I had the whole theory! Marshakﬁ'ﬁi(iSudarshan and Marshak

I thought about Dirac, who had his equation for a while—a .
new equation which told how an clcctr(m| behaved—and I had 0)1i$75\;:5é(:%*ﬁéh—cl'\f:0)—és y%:%
this new equation for beta decay, which wasn’t as vital as the =
Dirac Equation, but it was good. It's the only time I ever discov- %O—GL’T:O
ered a new law.

Murray Gell-Mann and I wrote a paper on the .theory. The
theory was rather neat; it was relatively simple, and it fit a lot of
stuff. But as I told you, there was an awful lot of chaotic data. And

in some cases, we even went so far as to state that the experiments
were in error,

=
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f=of=Hans Bethe D — & N EZRIEIMNFEEEL - CREBFF O TR/ A(F—=LLTD,
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Los Alamos,” (The Los Alamos Historical Society, 1988)
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J.S. Wilson and C. Serber (eds.), “Standing by and making do: Women of wartime

Los Alamos,” (The Los Alamos Historical Society, 1988)

, STANDING BY
AND
Los Alamos Historical Society Books M AKING DO:

When Los Alamos Was a Ranch School, Fermor and Peggy Pond Church, 1974

A L_os Alanm:_; _Rcmlrr, Margaret Wohlberg, 1976 ' Women Of Wartime LOS Alamos

=

Instde Box 1663, Eleanor Jette, 1977

Los Alamos Qutdoors, Dorothy Hoard, 1981

Guide to Bandelier National Monument, Dorothy Hoard, 1983

Hlowers of the Southwestern Forests and Woodlands, Teralene Foxx and Dorothy 4
Hoard, 1984 i

Los Alamos: The First Forty Years, Fern Lyon and Jacob Evans, 1984 |

Los Alamos: The Beginning of an Era 1943-1945, a Los Alamos Scientific Laboratory B! Jane S. Wilson and Charlotte Serber, Editors
publication, reprinted by the Los Alamos Historical Society, 1986

Standing By and Making Do: Women of Wartime Los Alamos, Jane S. Wilson and ‘ - Noro
Charlotte Serber, Editors, 1988 4 k ‘ o S (_”Y-' —-\,\_/\'\ - Cx_ \ou e~ T ‘/

X \-'K.\\\ A A S=Seh o \( ety
T : )

| i i B L 3

The Los Alamos Historical Society

Los Alamos, New Mexico
1988
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RUTH MARSHAK

During the greater part of her stay at Los Alamos, Ruth Marshak taught
third grade in the Los Alamos School. She also worked in the Housing Office.
Her husband, Robert Marshak, was Deputy Head of a theoretical physics
group. Before going west to work on the Los Alamos Project, Dr. and Mrs.
Marshak were in Montreal where British research along the same lines was
being conducted. After Los Alamos, Dr. Robert Marshak became an Associate
Professor of Physics at the University of Rochester.

The Marshaks stayed at the University of Rochester for 25 years. During
those years, Ruth taught in primary school and reared two children. In 1970
the Marshaks moved to New York City, where Robert became President of City
College. Ruth earned a Master of Arts degree in remedial reading, did volunteer
work at a child development center in Harlem, and carried out the duties of
a college president’s wife. In 1979 the Marshaks moved to Blacksburg, Virginia.
While Ruth took up gardening, knitting, and reading, Robert was a Distin-
guished University Professor and taught at Virginia Tech and State University.
In September 1987 the Marshaks retired. They continue to live in Blacksburg,
Their two children are married and pursuing their own careers. Ann is an
Associate Professor in immunology at Boston University Medical School. Steve
is an Assistant Professor in Geology at the University of Illinois. The Marshaks
have three grandchildren.

L
SECRET CITY

Ruth Marshak

A physicist’s wife in peacetime and a physicist’s wife in wartime are,
I have discovered, two very different things. In the years before our
country was at war, this wife’s interests were identical with those of
any other academic lady. She went to faculty teas, fretted over her
budget, and schemed for her husband’s advancement. Although a
physicist was inclined to work rather longer hours than his colleagues
in other departments of the university, his wife’s life was no different
from that of the wife of a history professor. It was a good life, too.

Even before the Pearl Harbor attack, however, the physicist’s routine
had changed. Defense projects were started in college laboratories;
armed guards began to pace the thresholds of physics buildings. One’s
husband grew more secretive about his work, and one knew that his
job must be important, for he was immune from the draft. The phys-
icist’s wife realized that her husband, in wartime, was more than just
a college professor—his was a key profession in the defense of his
country:.

Some physicists remained at home to teach the few students who
were left in the universities. Others worked on subcontracts for the
Army or the Navy in their own laboratories. But many were forced to
leave home :n order to do their part in developing and perfecting the
weapons of war. They went to a giant installation at the Massachusetts
Institute of Technology to work on radar. They went to Washington as
Naval Ordnance men. They went to the Aberdeen Proving Grounds.
Then, sometimes, the wives who accompanied them found that they
were moving to a destination without a name.



5. Virginia Polytechnic Institute and State University
Yr—S =7 TRKAZ BT A (1984- 1986)

* Robert E. Marshak##%
EEETHEARRICELET ., RRADOMarshak#ig(E, 19474 |

6 A2-4B(Z=a2—3—%~®MShelter Island®Ram’s Head INnnTH |
ESN=FALTFRHTF DR E:E (Shelter Island Conference)
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H. Bethe, D. Bohm, G. Breit, K. Darrow, H. Feshbach, R. Feynman,
H. Kramers, W. Lamb, D. Maclnnes, R. Marshak, J. von Neumann,
A. Nordsieck, J. R. Oppenheimer, A. Pais, L. Pauling, |. Rabi, B. Rossi, Robert E. Marshak #i2

J. Schwinger, R. Serber, E. Teller, G. Uhlenbeck, J. van Vleck,
V. Weisskopf, J. Wheeler

CHOMRETEHELILGDIL, Lamb shift DEERFRARERINT-H . KERIZTO—RILKEA
%55 B TBethehLamb shiftzx BT S5t EE T L(F1-5ETT A, Marshakst &+
ZHhEFRICEYFVNTWET,

HHEDFEDH K TMarshak e EMNE LVELT=,
Marshak: Shelter Island Conference 55774, ZHFFIE T X TELEEAXTVTAIZAT TS
ZEFDH o T, REDFATIDALOICIATVTAIEABZR A JEV DL I LFEB OV TLV -
Dizdo T, MEZNDT, CADRZBDEMEDEZL/ETAT VAL 2/-DT, BELITEZZE
PEITE, FEHREL TADTIT2/=DI L,
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R. E. Marshak, Progress of Theoretical Physics Supplement No. 85, 63 (1985).

This huge discrepancy received a thorough discussion at the first Shelter Island Confer-
ence held June 1~3, 1947 in the USA. The discussion gave rise to my two-meson
hypothesis'” in which I proposed that two kinds of mesons exist in nature, possessing

weakly with matter. Thus, I independently arrived at the same basic conclusion as the
Japanese workers,” whose papers did not reach the USA until the end of 1947. The

8) S. Sakata and T. Inoue, Prog. Theor. Phys. 1 (1946), 143.

Y. Tanikawa, Prog. Theor. Phys. 2 (1947), 220.
9) E. Fermi, E. Teller and V. Weisskopf, Phys. Rev. 71 (1947), 314.
10) R. E. Marshak and H. A. Bethe, Phys. Rev. 72 (1947), 506.

Also B. Pontecorvo, ibid. 72 (1947), 246.
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M. Tanabashi, Progress of Theoretical Physics Supplement No. 197, 4 (2012).

1942 became the memorial year for the second generation leptons (i and v,,),
when Sakata and Inoue advocated their “two-meson theory”.'®) At that time, a

An alternative scenario, in which g was assumed to be a bosonic particle, was
discussed by Y. Tanikawa and S. Nakamura at the same time.*) Unfortunately, due
to the war circumstances, the English printing of Sakata-Inoue’s two-meson theory
paper was delayed until 1946,'®) one year before the “two-meson theory” of Marshak
and Bethe!?) and the famous nuclear emulsion photographs catching m — pv taken
by Powell’s group in their cosmic ray experiment.20)

16) S. Sakata and T. Inoue, “Chuukanshi to Yukawa Ryuushi no Kannkei ni tsuite” (On the
Correlations between Mesons and Yukawa Particles), in Japanese, Bull. Phys.-Math. Soc.
Jpn. 16 (1942), 232.

17) Y. Tanikawa, Prog. Theor. Phys. 2 (1947), 220.

18) S. Sakata and T. Inoue, Prog. Theor. Phys. 1 (1946), 143.

19) R. E. Marshak and H. A. Bethe, Phys. Rev. 72 (1947), 506.

20) C. M. G. Lattes, H. Murihead, G. P. S. Occhialllini and C. F. Powell, Nature 159 (1947),
694.
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THE E, ® SO(10) PREON MODEL BASED ON GLOBAL SU(18) COLOR-FLAVOR

Y. Okamoto and R.E. Marshak, Phys. Lett. B 162, 333-334 (1986).
Yuko OKAMOTO and R.E. MARSHAK

Physics Department, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, USA

=

Gary Staebler LTI E

Received 12 August 1985 Aim3XIL[5] Y. Okamoto and R.E. Marshak, “A grand unification preon
model with Eg metacolor,” Nuclear Physics B 268, 397-405 (1986).

We have constructed a version of the chiral three-preon model E, ® SO(10) based on the global color-flavor symmetry
group SU(18). By applying the 't Hooft anomaly matching condition to the subgroup SU(16)xSU(2) of SU(18) together with a
few physical constraints, we obtain a unique solution that gives rise to three generations of the spinorial representation 16 of
SO(10) without exotics. Except for N =18, no solution at all exists for the global color-flavor group SU(N) (16 < N < 22)
when SU(N) breaks to SU(16)xXSU(N —16).



1. Metropolis Monte Carlo Method
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Microcanonical Ensemble
(EHaRh/=ZAIVToHTIL)

&2

Isolated System: E'tot = const
fii%: Etot=—7F




Canonical Ensemble
(A/ZAINToHTIL)

&

System in Heat Bath (Exchange Energy w/ Heat Bath)
BBAPDR(BBEIRILT—ZFPYLY):
T =const=—3F




Canonical Ensemble at
n(E) Temperature T

Pg(E) = n(E)Wg(E)
A

» E

Density of States

e
VKB(E) =exp(- BE)

— E

\.> Canonical Probability Distribution
E

Boltzmann Factor
cano



Canonical Distributions of Potential Energy

P B(E) = n(E)W B (E) P B(E)
A A Intermediate T
High T
-/_\> E _A> E
P (E)
A Low T

AN

E

min SA-2



MONTE CARLO

State x

x:{ql>q2>q3>°”’qN;pl’pZ’p?”.”’pN}

Generate states one after another.
A @ 5B S5 55 = X, —> x = X,

Suppose at the v-th step the state was X; and the
candidate for the (v+1)-th step is x;..

Suppose also that the transition probability w
satisfies the following: Markov Chain

W(x(v) — xj RN x(\'+1) =Xx,; x(l),x(z), .o .,x("—l)) — w(xj - xk)



By definition, the transition probability w satisfies
v+l 1%
P (x,) = ZP( )(xj)w(xj —)xk)
J

where PM)(x) is the probability distribution of state
x at the v-th step.

The equilibrium probability distribution (31 2
4%0) P, (x) should satisfy

F, (xk) = ZJ:Peq (xj )w(xj —> xk)

A sufficient condition for this to be satisfied is to impose
a detailed balance condition (FEHI#IY S ULNDEH):

P, (xj)w(xj —> xk) =F, (xk)w(xk —> xj)




One solution to this detailed balance condition is
(Metropolis method):

1 , if P (x,)> P, (x,)
W(xj — xk) — { ]Deq (x/\’)
i 1:)6(1 (xj)
( P (x \
1 eq (A'k)
P'f-‘q (xf)/

N. Metropolis, A.W. Rosenbluth, M.N. Rosenbluth, A.H. Teller & E. Teller,
J. Chem. Phys. 21, 1087 (1953).

? lf IDeq (xk) < Ijeq (x]')

— min

\



In Canonical Ensemble, where the equilibrium probability
distribution is « to the Boltzmann weight factor, we have

1 . 1 —GE(x
Peq(x):EWB(x,T):?e E(x)
|
where Z = | dx W (x;T)and 0 =——
f a1 and. ke, T

P (x, ,

o (X)) =e " where AE = E(x,)— E(x,)
E,(x))
1 it AE<O0

WG TN T s i AR S 0

L

— min (l, S )



(v+1)

cand

(1) (2) V) —

r —x = =T; — T

_ ajk

Suppose at the v-th step the state was x; and the candidate
for the (v+1)-th step is x, .

If AE = E(zy)— E(z;) <0

YE/ ‘10

ACCEPT GENERATE A RANDOM NUMBER r
gt = g+ Th If r<exp(—BAFE)

cand
YE/

ACCEPT REJECT
(r+1)

cand




Met-Enkephalin:
Global Minimum Structure in Gas Phase

Tyr-Gly-Gly-Phe-Met

(N =5)

E =-12 kcal/mol
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2. Molecular Dynamics Method
(7 FENNFIE)



MOLECULAR DYNAMICS

Newton’s equations of motion: Microcanonical Ensemble

OFE

.2
05 =s| Y mg? —3Nk,T |+0—
,- S

S. Nose, Mol. Phys. 52, 255 (1984); J. Chem. Phys. 81, 511 (1984).
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POIREEEZDT

Eal—2avRIRNF—BIMRBICTBESLNRNLEFEZANS
BRIIROFEEERTHLERBLTE,

* R4k (Simulated Annealing)

*x JREE 7> YT Lk (Generalized-Ensemble Algorithms)
IRNF—EFLEDIUT LVA—DFER
[BIZIE, RILFH/=HILik, BERLZE (Simulated Tempering) .
L) H3E#% (Replica-Exchange Method, also referred to as
Parallel Tempering) . 1/k Sampling . Tsallis #t&t, etc.]
Fl =
H—EDIIaL—avDFERMNL R/DIRIILF—KE [EHYTEL,
RBILVEREEMEBICETABNEEZTHHETED
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EBEHLETIRILX—EHEARALS

ANV BEBEDEEIRILE—
(RUFREBE+ARVFAE+RCAIRIILF—IE+
Lennard-Jones 1§ + 8B E{EAHTE , etc.)

Epu=Y K (R-R) + > K, (6-6,) + —[1+cos ng—y)]

bonds angles dihedrals

L 99,
_|_
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3. Simulated Annealing (& /4%)



&A% (Simulated Annealing)

S. Kirkpatrick, C. Gelatt, Jr. & M. Vecchi, Science 220, 671 (1983).

Reproduce a Crystal-Making Process on a Computer

SA-2



Applications of Simulated Annealing to
Systems of Biopolymers
H. Kawai, T. Kikuchi & Y.O., Protein Eng. 3, 85 (1989).
H. Kawai, Y.O., M. Fukugita, T. Nakazawa, & T. Kikuchi, Chem. Lett. 1991, 213 (1991)
Y.O., M. Fukugita, T. Nakazawa, & H. Kawai, Protein Eng. 4, 639 (1991).
M. Fukugita, T. Nakazawa, H. Kawai, & Y.O., Chem. Lett. 1991, 1279 (1991).
T. Nakazawa, H. Kawai, Y.O., & M. Fukugita, Protein Eng. 5, 495 (1992).
Y.O., T. Kikuchi, & H. Kawai, Chem. Lett. 1992, 1275 (1992).
Y.O., T. Kikuchi, T. Nakazawa, & H. Kawai, Int. J. Peptide Protein Res. 42, 300 (1993)
See also:
« S. Wilson, W. Cui, J. Moskovitz & K. Schmidt, Tetrahedron Lett. 29, 4373 (1988).
« C. Wilson & S. Doniach, Proteins 6, 193 (1989).
« A. Brunger, J. Mol. Biol. 203, 803 (1988).
« M. Nilges, G. Clore & A. Gronenborn, FEBS Lett. 229, 317 (1988).
For a review see:

Y.O., Recent Res. Devel. In Pure & Applied Chem. 2, 1 (1998).
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C-peptide-1

C-Peptide (N =13): X-Ray

C-Peptide of Ribonuclease A
Amino-Acid Sequence:
Lys-Glu-Thr-Ala-Ala-Ala-Lys-Phe-Glu-Arg-
GlIn-His-Met



M. Masuya & Y.O., unpublished.































M. Masuya & Y.O., unpublished.




C-Peptide (N = 13): X-Ray Level O Solvation (Gas Phase)

RMSD =1.9A

dependent dielectric) :

RMSD=14A

M. Masuya & Y.O., unpublished.



Problems of Simulated Annealing (SA)
(R EDRBER)

Because we lower the temperature during the
simulation, we are always breaking thermal
equilibrium (and detailed balance conditions).

Hence, thermodynamic quantities obtained from SA
are not reliable.
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ERTOHEADMRIIIZRIERDIETLI=,

[9] M. Kenmoku, Y. Okamoto, and K. Shigemoto, “Moebius and super-moebius gauge fixing
for the closed string amplitudes on the disk,” Physics Letters B 213, 160-164 (1988).

Volume 213, number 2 PHYSICS LETTERS B 20 October 1988

MOBIUS AND SUPER-MOBIUS GAUGE FIXING
FOR THE CLOSED STRING AMPLITUDES ON THE DISK

M. KENMOKU, Y. OKAMOTO

Department of Physics, Nara Women's University, Nara 630, Japan
and

K. SHIGEMOTO

Faculty of Liberal Arts, Tezukavama University, Nara 631, Japan
Received 10 June 1988
We systematically study the gauge fixing of the Mdbius and the super-Mobius transformations for the N-point closed-string

amplitudes on the disk. Using the Faddeev-Popov method, we obtain the explicit formulas for the Koba-Nielsen factors for these
amplitudes.
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D7—U 7 IR RETI8SEIZFHEN RO > TV -EREDHRAE THILALIA
L—avDmXITFERRBINTOERBATL . BEDIAMEIZNNT, HEXAY
A—2y b BRENRY DT TY , TN TH, TLTVUMMIMEYELI-A RTE
[ZLEEATLIz. FDO/MIZWilson-CuiD i XA TLEWELT =,

— v ’ NWUPT<8741)

A PREDICTION OF CHAIN MOLECULE STRUCTURES

BY MONTE CARLO SIMULATED ANNEALING

2) nigk

3
H. Kawai1, T. Kikuchiz, and Y. Okamoto

Tetrahedron Letters,Vol.29,No.35,pp 4373-4376,1988 0040-4039/88 $3.00 + .00
Printed‘in Great Britain : Pergamon Press plc

Conformational.Analysis -of Flexible Molecules:
Location of the Global Minimum Energy Conformation by the
Simulated Annealing Method

Stephen R. Wilson™, Weili Cui,
Jules W. Moskowitz and .Kevin E. Schmidt
Department of Chemistry.

: New York University
Washington Square, NY, NY 10003

(Received in USA({28 March 1988)
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[11] H. Kawai, T. Kikuchi, and Y. Okamoto, “A predictiction

of tertiary structures of peptide by the Monte Carlo
simulated annealing method,” Protein Engineering 3,

85-94 (1989).

Protein Engineering voi.2 no.2 pp.85-94. 1989

A prediction of tertiary structures of peptide by the Monte Carlo
simulated annealing method

H.Kawai, T.Kikuchi! and Y.Okamoto®

Departments of Physics gnd "Pharmaceutical Science. University of Tokyo.
Hongo 113, Tokyo and -Department of Physics. Nara Women's University,
Nara 630. Japan

The Monte Carlo simulated annealing method has been
applied to the prediction of three-dimensional structures of
enkephalin. The low-energy conformations obtained were
classified into a few groups of similar structures, which
indicates that our method is effective. New low-energy
structures were identified together with previously proposed
structures.

Kev words: enkephalin/globular protein/Monte Carlo/simulated
annealing/tertiary structures
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SRZICIIFAEH L A—NEN =D TEREDYIAL—a v P54
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TNTNNESANDIAL—avEBRLEIEEVVELZ, ZL T, HXRIAESE
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(a0l BEE/AV NS THEEN )
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BHOTLENEFEELTIV=CETT, 2. SERBIRIEZE->TIE.
MRTmITHENDIL DG EFZSNTULVELT,

HREAREMNMEZ T, EAEARIXAHEFL=,
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CHEMISTRY LETTERS, pp. 213-216, 1991. © 1991 The Chemical Society of Japan
EHBIICOIEFTRLTITKCEIZEE,
OAVEaA—43—DTRTSL4%A:
Prediction of a-Helix Folding of Isolated C-Peptide of . .
Ribonuclease A by Monte Carlo Simulated Annealing KONF90 [EFI ;R&]f)\’;ﬁi%]

Hikaru KAWAIL! Yuko OKAMOTO,* Masataka FUKUGITA, ! )

Takashi NAKAZAWA, 1 and Takeshi KIKUCHIHt
) . e SH=
Conformation (AL {A&#& &)
Protein Engineering vol.4 no.6 pp.639—647, 1991

a-Helix folding by Monte Carlo simulated annealing in isolated
C-peptide of ribonuclease A

Yuko Okamoto, Masataka Fukugita‘, Takashi Nakazawa’®
and Hikaru Kawai®

CHEMISTRY LETTERS, pp. 1279—1282, 1991, © 1991 The Chemical Society of Japan

Monte Carlo Simulated Annealing Prediction for a-Helix Propensity of Amino Acid Homopolymers

Masataka FUKUGITA * Takashi NAKAZAWA, ! Hikaru KAWAL " and Yuko OKAMOTO'!
Protein Engineering vol.5 no.6 pp.495—503, 1992

3-sheet folding of fragment (16—36) of bovine pancreatic trypsin
inhibitor as predicted by Monte Carlo simulated annealing

Takashi Nakazawa, Hikaru Kawai', Yuko Okamoto® and
Masataka Fukugita®
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CHEMISTRY LETTERS, pp. 1275-1278, 1992. © 1992 The Chemical Society of Japan

Prediction of Low-Energy Structures of Met-Enkephalin by Monte Carlo Simulated Annealing

Yuko OKAMOTO,* Takeshi KIKUCHI,! and Hikaru KAWAT'f

Ini. J. Peptide Protein Res. 42, 1993, 300-303 Copyright © Munksgaard 1993

nn— INTERNATIONAL JOURNAL OF
PEPTIDE & PROTEIN RESEARCIH
ISSN 0367-8377

a-Helix structure of parathyroid hormone fragment (1-34) predicted
by Monte Carlo simulated annealing

YUKO OKAMOTO !, TAKESHI KIKUCHI? TAKASHI NAKAZAWA? and HIKARU KAWAI*
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T. Kinoshita, H. Kawai, & Y.O., Phys. Lett. B 254, 235 (1991).
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Kataeey, et oL

Volume 260, number 1,2 PHYSICS LETTERS B

9 May 1991
Asymptotic photon propagator
and higher-order QED Callan-Symanzik $ function
H. Kawai ' ) ‘ AT 2
Deparlmer_uof Physics, Tokyo University, Tokyo 113, Japan ’ ? -— 2 d) i T
T. Kinoshita ' o= _
Newman Laboratory, Cornell University, Ithaca, NY 14853, USA Io < z x d) ﬁ 1é ?i ,2
and Z/' '5—9 + 3 9 d)
Y. Okamoto W " .
- Department of Physics, Nara Women's University, Nara 630, Japan 7 f ? 7 7 b\
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FHNFREARTIE. FEYER FHBICEHEABYZEL -,
* 5 B EERADEIERERE Iy= -1 Gfd4xf(R+2A+clR2+cza,wR vy

International Journal of Modern Physics D, Vol. 2, No. 1 (1993) 123-133
© World Scientific Publishing Company

ROTATION CURVES OF SPIRAL GALAXIES AND
LARGE-SCALE STRUCTURE OF THE UNIVERSE
UNDER GENERALIZED EINSTEIN ACTION \

1 .
Ry - §R9#u = Aguy + 1 dpy + 2Ky = —87GTy,

M. KENMOKU, E. KITAJIMA and Y. OKAMOTO
Department of Physics, Nara Women’s University, Nara 630, Japan

K. SHIGEMOTO*

Department of Physics, Tezukayama University, Nara 631, Japan e~ mar

6=—-GM |1+

*Jlb—‘
wlv—
ﬂ

Received 17 July 1992

We consider an addition of the term which is a square of the scalar curvature to the
Einstein—Hilbert action. Under this generalized action, we attempt to explain (i) the flat
rotation curves observed in spiral galaxies, which is usually attributed to the existence
of dark matter, and (ii) the contradicting observations of the uniform cosmic microwave
background and the nonuniform galaxy distributions against redshift. For the former, we
attain the flatness of velocities, although the magnitudes remain about half that of the
observations. For the latter, we obtain a solution with the oscillating Hubble parameter
under uniform mass distributions. This solution leads to several peaks of galaxy number
counts as a function of redshift with the first peak corresponding to the Great Wall.
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PHYSICAL REVIEW D VOLUME 48, NUMBER 2 15 JULY 1993

Generalized Einstein theory on solar and galactic scales

Masakatsu Kenmoku*
Department of Physics, Nara Women’s University, Nara 630, Japan

Yuko Okamoto’
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309

Kazuyasu Shigemoto?

Department of Physics, Tezukayama University, Nara 631, Japan
{Received 11 November 1992)

We study a generalized Einstein theory with the following two criteria: (i) on the solar scale,
it must be consistent with the classical tests of general relativity, (ii) on the galactic scale, the
gravitational potential is a sum of Newtonian and Yukawa potentials so that it may explain the
flat rotation curves of spiral galaxies. Under these criteria we find that such a generalized Einstein
action must include at least one scalar field and one vector field as well as the quadratic term of the
scalar curvature.
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199248 107 AR, REAESNARE (BFF#) &L T, Stanford
University D #R B INEZRA R L2 —Z T 52 EIZGYFRLT-, fEkSAlE
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K oL, FHTLIVWZEFPELERLL,

7 A)HhEfE R IZFlorida State University® & $iFi&E Ulrich Hansmann KM
HEIHEStanfordE TEWIET, VILFH/ZHILiEEWIILET YT ILik
TH A TNZFLE BOFRBAZEWN T, SNIEXFRAEICRDYFELRNGF AT
EERELELE. FREEBRIEHEZEICHAIDIZHL, HRERET YT ILEIXEIC
AFEHZRODT,. ANFETRERGIETESFRALHYET .

Ulrich H. E. Hansmann
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Hansmann K EIXIJ/ESTRIICUATO . RILFH/ZHILiEEWSTLET YT )L
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[25] U.H.E. Hansmann and Y. Okamoto, “Prediction of peptide confromation by multicanonical
algorithm: new approach to the multiple-minima problem,”

Journal of Computational Chemistry 14, 1333-1338 (1993).

Prediction of Peptide Conformation by Multicanonical
Algorithm: New Approach to the Multiple-Minima Problem

Ulrich H.E. Hansmann't and Yuko Okamoto?*+

'Department of Physics and Supercomputer Computations Research Institute, The Florida State University,
Tallahassee, Florida 32306, and 2Stanford Linear Accelerator Center, Stanford University, Stanford, California
94309

Received 27 January 1993; accepted 27 May 1993

We apply a recently developed method, the multicanonical algorithm, to the problem of tertiary structure
prediction of peptides and proteins. As a simple example to test the effectiveness of the algorithm, met-
enkephalin is studied and the ergodicity problem, or multiple-minima problem, is shown to be overcome by
this algorithm. The lowest-energy conformation obtained agrees with that determined by other efficient
methods such as Monte Carlo simulated annealing. The superiority of the present method to simulated
annealing lies in the fact that the relationship to the canonical ensemble remains exactly controlled. Once
the multicanonical parameters are determined, only one simulation run is necessary to obtain the lowest-
energy conformation and further the results of this one run can be used to calculate various thermodynamic
quantities at any temperature. The latter point is demonstrated by the calculation of the average potential
energy and specific heat as functions of temperature. © 1993 by John Wiley & Sons, Inc.
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