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derive mechanical effect from any portion of matter by cooling it
below the temperature of the coldest of the surrounding objects) .,
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LIMITATION OF THE SECOND LAW OF THERMODYNAMICS,

" Belore I conclude, I wish to direct attention to an aspect
of the molecular theory which deserves consideration,

One of the best established facts in thermodynamics is
that it is impossible in a system enclosed in an envelope
which permits neither change of volume nor passage of heat,
and in which both the temperature and the pressure are every-
where the same, to produce any inequality of temperature or
of pressure without the expenditure of work. This is the
second law of thermodynamics, and it is undoubtedly true
as long as we can deal with bodies only in mass, and have
no power of perceiving or handling the separate molecules
of which they are made up.

us, without expenditure of work, raise the tem-

(HRIEIL) Theory of Heat, 1871 . Rle—E&E®WT, AiAheMAEitigbeing

MEBEERNERERNEZMEFRENS, "ERHFFHK" (Maxwell's Demon) &
WEFIFREZRTFTAA, MEBFREFRME. B1879FENatureET RRE
X' ERFFENHEFK", RE—NK (demon) JUARFIREBEEMERARTH
VEHRF, NMRRREFHEHEEHF, NeSBEEXE, ERADEE-E

=



126

NATURE

[Fune 5, 1879

pteruges, and a Macroglossus, also a species of Scoto-
philus, probably S, #igrogrisens, Gould, )

The fishes were not numerous, but some interesting
species were obtained, respecting which the Hon. Wm.
Macleay read some remarks which will be published in
due time,

The insects, about fifty species, will also we hope be
taken up by Mr. Macleay. Among the spiders are some
very interesting forms, apparently quite new.

The collection of birds numbers about 350 specimens,
the mammals about 120. Spirit specimens about 100,

We believe a large portion of this fine collection has
been secured by the curator, Mr. E. P. Ramsay, F.L.5.,
for the Australian Museum.

THE SORTING DEMON OF MAXWELL!
HE word “demon,” which originally in Greek meant
a supernatural being, has never been properly used
to signify a real or ideal personification of malignity.

Clerk Maxwell’s “demon '’ is a creature of imagination
having certain perfectly well-defined powers of action,
purely mechanical in their character, invented to help us
to understand the “ Dissipation of Energy” in nature.

He is a being with no preternatural qualities, and differs
from real living animals only in extreme smallness and
agility, He can at pleasure stop, or strike, or push, or
pull any single atom of matter, and so moderate its
natural course of motion. Endowed ideally with arms
and hands and fingers—two hands and ten fingers suffice
—he can do as much for atoms as a pianoforte player can
do for the keys of the piano—just a little more, he can
push or pull each atom in any direction.

He cannot create or annul energy; but just as a living
animal does, he can store up limited quantities of energy,
and reproduce them at will. By operating selectively on
individual atoms he can reverse the natural dissipation of
energy, can cause one-half of a closed jar of air orof a
bar of iron to become glowingly hot and the other ice-
cold ; can direct the energy of the moving molecules of a
basin of water to throw the water up to a height and leave
it there proportionately cooled (1° Fahr. for 77z feet of
ascent); can “sort” the molecules in a solution of salt
or in a mixture of two gases, so as to reverse the natural
process of diffusion, and produce concentration of the
solution in one portion of the water, leaving pure water
in the remainder of the space occupied ; or, in the other
case, separate the gases into different parts of the con-
taining vessel,

“ Dissipation of energy” follows in nature from the
fortuitous concourse of atoms. The lost motivity is
essentially not restorable otherwise than by an agency
dealing with individual atoms ; and the mode of dealing
with the atoms to restore motivity is essentially a process
of assortment, sending this way all of one kind or class,
that way all of another kind or class.

The classification, according to which the ideal demon
is to sort them, may be according to the essential cha-
racter of the atom ; for instance, all atoms of hydrogen
to be let go to the left, or stopped from crossing to the
right, across an ideal boundary ; or it may be according
to the velocity each atom chances to have when it
approaches the boundary : if greater than a certain stated
amount, it is to go to the right; if less, to the left. This
latter rule of assortment, carried into execution by the
demon, disequalises temperature, and undoes the natural
diffusion of heat; the former undoes the natural diffusion
of matter.

By a combination of the two processes, the deimon can
decompose water or carbonic acid, first raising a portion
of the compound to dissociational temperature (that is;
temperature so high that collisions shatter the compound

® Abstract of Lecture at the Royal Institution, Friday, February 28, 1874,
by Sir William Thomscn, LL.D., %‘R.S.

molecules to atoms), and then sending the oxygen atoms
this way, and the hydrogen or carbon atoms that way ; or
he may effect. decomposition against chemical affinity
otherwise, thus : Let him take in a small store of energy
by resisting the mutual approach of two compound mole-
cules, letting them press, as it were, on his two hands,
and store up energy as in a bent spring; then let him
apply the two hands between the oxygen and the double
hydrogen constituents of a compound molecule of vapour
of water, and tear them asunder. He may repeat this
process until a considerable proportion of the whole
number of compound molecules in a given quantity of
vapour of water, given in a fixed closed vessel, are sepa-
rated into oxygen and hydrogen at the expense of energy
taken from translational motions. The motivity (or
energy for motive power) in the explosive mixture of
oxygen and hydrogen of the one case, and the separated
mutual combustibles, carbon and oxygen, of the other
case, thus obtained, is a transformation of the energy
found in the substance in the form of kinetic energy of
the thermal motions of the compound molecules. Essen-
tially different is the decomposition of carbenic acid and
water in the natural growth of plants, the resulting mo-
tivity of which is taken from the undulations of light or
radiant heat, emanating from the intensely hot matter of
the sun, '

The conception of the *sorting demon’'’ is purely me-
chanical, and is of great value in purely physical science,
It was not, invented to help us to deal with questions
regarding the influence of life and of mind on the motions
of matter, questions essentially beyond the range of mere
dynamics.

The discourse was illustrated by a series of experi=
ments,

FPAOLO VOLPICELLT

TH IS eminent [talian physicist, whose death we recently
recorded, was born at Rome on January & 1804,
He lost his mother a few days after his birth; his
father was Prof. Alexander Volpicelli, a member of the
Medical College of the Roman University. Paolo was
educated at the college of Veroli and the University of
Rome, where, in accordance with the wish of his father,
he commenced the study of medicine, but abandoned it
after the first year, declaring that medicine was not a
science., Of his own accord he applied himself seriously
to the course of mathematical philosophy, and four years
later received the degree of doctor ad komeremt in that
faculty. It should be mentioned that doctorates ad
honorene are given to only two students each year, and
Volpicelli's fellow-doctor was the eminent Professor Tor-
tolini, who followed the same course. Before leaving the
University his professors recommended him to the
Government for a scientific position. In fact, Prof,
Morichini wished to name him his successor to the Chair
of Chemistry in the University of Rome, but Volpicelli
preferred to succeed Dr. Barlocci, Professor of Experi-
mental Physics in the same University, and in 1845, on
the death of Barlocci, became titular professor. Volpi-
celli occupied this chair till 1873, when he was appointed
Professor of Mathematical Physics in the same Uni-
versity. In 1851 he was made a member of the Philo-
sophical College, an honour accorded to only twelve
professors of the University of Rome. Besides his position
at this University, Volpicelli also filled that of Professor
of Mathematical Physics at the Roman Seminary, taught
geometry to the pupils of St. Michael's Hospital, and
founded at Rome the special School of Artillery, of which
he was director for thirty years.

When FPope Pius IX, revived the celebrated and histo-
rical Lincei Academy in 1847, Volpicelli was appointed
secretary, a post which he held for thirty years, when, as
his health was failing, the academicians made him secre-
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7ghifE (Leo Szilard, 1898-1964)
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In memory of Leo Szilard, who passed away on May 30, 1964, we present
an English translation of his classical paper Uber die Entropieverminderung
in einem thermodynamischen System bei Eingriffen intelligenter Wesen,
which appeared in the Zeitschrift filr Physik, 1929, 53, 840-856. The publica-
tion in this journal of this translation was approved by Dr. Szilard before he
died, but he never saw the copy. At Mrs. Szilard’s request, Dr. Carl
Eckart revised the translation.

This is one of the earliest, if not the earliest paper, in which the relations
of physical entropy to information (in the sense of modern mathematical
theory of communication) were rigorously demonstrated and in which Max-
well’s famous demon was successfully exorcised: a milestone in the integra=
tion of physical and cognitive concepts.

ON THE DECREASE OF ENTROPY IN A THERMODYNAMIC SYSTEM
BY THE INTERVENTION OF INTELLIGENT BEINGS

by Leo Szilard

Translated by Anatol Rapoport and Mechthilde Knoller from the original article *“Uber die Entropiever-
minderung in einem thermodynamischen System bei Eingriffen intelligenter Wesen.”* Zeitschrift fir

Physik, 1929, 53, 840-856,
[ N.]

The objective of the investigation is to
find the conditions which apparently allow
the construetion of a perpetual-motion ma-
chine of the second kind, if one permits an
intelligent being to intervene in a thermo-
dynamic system. When such beings make
measurements, they make the system behave
in a manner distinetly different from the way
a mechanical system behaves when left to
itself. We show that it is a sort of a memory
faculty, manifested by a system where
measurements occur, that might cause a
permanent decrease of entropy and thus a
violation of the Second Law of Thermody-
namics, were it not for the fact that the
measurements themselves are necessarily
accompanied by a production of entropy. At
first we calculate this production of entropy
quite generally from the postulate that full
compensation is made in the sense of the
Second Law (Equation [1]). Second, by
using an inanimate device able to make
measurements—however under continual
entropy production—we shall calculate the

Requests for reprints of this paper should be
gent to:
Mrs. Leo Szilard
2380 Torrey Pines Road
La Jolla, California 92038

resulting quantity of entropy. We find that
it is exactly as great as is necessary for full
compensation. The actual production of
entropy in connection with the measure-
ment, therefore, need not be greater than
Equation (1) requires.

fa

THERE is an objection, already historieal,
against the universal validity of the
Second Law of Thermodynamics, which in-
deed looks rather ominous. The objection is
embodied in the notion of Maxwell’s demon,
who in a different form appears even nowa-
days again and again; perhaps not unreason-
ably, inasmuch as behind the precisely
formulated question quantitative connee-
tions seem to be hidden which to date have
not been clarified. The objection in its origi-
nal formulation concerns a demon who
catehes the fast molecules and lets the slow
ones pass. To be sure, the objection ean be
met with the reply that man cannot in prin-
ciple foresee the value of a thermally flue-
tuating parameter. However, one cannot
deny that we can very well measure the
value of such a fluetuating parameter and
therefore could certainly gain energy at the
expense of heat by arranging our interven-
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H=K, EHRERS—EHRIKERFXNZFHEEX, 1968FHMELEIBARZEMUN
HEESRIMREIZRMELS. CFBFEEFTHEESNEEL %, B
HERAFRERFTRETRE, MEREREETAIZR=EF(ERERS LRI
MZEEBEHRT, EBR—M0F. BEEL1971-1974IHMEE T Project MAC
NEFE. MACEBBIEMZRBEITENNRZMA LSRRI DNEBUAF R
B AENNE, B9 HAl Lab #1CS Lab, MAEXESF M ACSAIL, EIEFF 1960
FRBIMACHZEET .,

BHEMEARERENA R, AXAEEESNZWARMARITEEICTERCYE, 5
AREFITE. BEAAZI—ITHTAEREFNDZEZRAEF MR, TRRKRGRAKH
EMMBEZREZFREBMERBRERKBURRIMNIIMNERIE, AR

FESE—EBFR—NHFRNBER: "HEZWEZ" (The Physics of
Computation) . £25XNENEMMZERRZSR A TEVESZLEEZE FIT
BUENFHRE, NER'HEYEZ" BRI ARNER, — P 2Computational
Physics, BDRITEFERARYE, B—/1=RPhysics of Computation, EIEY



N

BFNUAHEATE., T8, #28. ELTHERBNXEENEE. HEHEHSHRE
BRET. XDJRKTEW, EXEZNEREHRTE, EXREARTRORUKES
TEREBERNFEHR, BB (EBSIHENMFEHND) (Feynman Lectures on
Computation, JlFeynman-1996), $HhE8FTHESHNHRANT. IHEESR

FNPEERBSE T, LUBSHMITENRFZLOINEZERRERSEEETLES
XE, XEXEREXRD (EE51H&) (Feynman and Computation, I
Hey-1999) .
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FBEES (Ed Fredkin, 1934-2023)

BERE1982FRHConservative Gate (FIE], B AHERE]) . 7B
ERSNEYTEN, MRERHLE, TEERIBAN. BEBENINBABT—K%E2
"ZBHI%" (control) , Hcontrol=1R, AFIBENMANESEHHARZE,; MY
control=08, WEZEBEY., RIAE, BEEENEERRN (BDHRM) . WE
i, JUAHBERSIIIN"S"] (AND) . M"IF"TNEABMRETERN., FTEF
BHh/RERHBETEN, AA'S"5"IE"WNMNRETLAERAE MR, ALE
ek, FEERBTLUANBHERSINERTELR, NMAEEER., XEL
AIZIRAIEE R,



REVERSIBLE
FREDKIN GATE AND GATE

INPUT OUTPUT

“GARBAGE"
BITS

\ 7 ——C
CONTROL CONTROL
A A D
B B
£ /
PRE-SET BIT OUTPUT
INPUT OUTPUT “GARBAGE"
CONTROL A B | CONTROL | A |B A|B|OUTPUT| C D
1 111 1 111 1]1 1 1 0
1 110 1 0|1 110 0 1 0
1 0 1 1 1.0 01 0 0 1
1 0 0 1 0 0 0 0 0 0 0
0 101 0 111
0 110 0 1.0
0 0 1 0 0|1
0 0 0 0 0 0

HEEEL|] (Fredkin Gate)

CAIXIANCHFNAG
6. itTRE5HE

EBZERNAABNATEHETEEREENSGLS, URBSEESHMEHER
RN A ETERNEIE, AEEXE, RNTUEHS —1EiE: HEATER
2. XRLFMNEERU.

BIEMZSELHN: ZEB8R-ARE-BEESERES, HENEERLH /MY, X
MEEELHAD, TLAAAZEEER, MERLHA+S, HEFEERE. BER
B MELREEEHENRNEEMITEEREEREX, XZ2FE, AMINARFAFRE
DEE: —£K, YESERIINDALSIHUNNZER, ARESITUEYEHER
FPEEERAZER-FAFRERVWMBHA K (X Ciliberto&Lutz-2015,
Lutz&Ciliberto-2019, LK Lloyd-2000) , B—&K, ITRINMIFHBIAEST
M TR, RITEUHFNFRAMARKFERENTY (WWolf-2018) ,

BRERNFRIBIRA (1965F) MNTHHNMRESRFERA—HF, BR19755FE
MEENSRESREA—F. MHBT (20245F) BHFPOMNBRCHERERSTES
FARREF—E, BHERHREFEREBRAFRE20%.

¥



‘ . 2 ~
EREBENETAERARTRN: PV, , FRIE, CRES, VERE,

RE=NSHNF—LEEXEK., BRELHRZE (Dennard Scaling) iis: 8T
FHMERATRTI0%NKH. B2006#2, WHEHBELY, HBEEBE
(thermal runaway) SHARKERLRERAMEREFA MR, FTEEASZH
7. BEZKOH LM IR FHERE,

MM FERER, EE—TEXER (Koomey) , BIERFNAET, THAIMESE
BREERERA—F. RIEAONRERPLIE2FTAREAICPU (11X86, ARM,
ERZRISC-V) , BERHAMENHEERE (FH, PCERBRITE) , 48
(BRER) MR (EXER) BRBERE. RENEXEEMNUER1.57F
BA—E, BREEASEINIF. EREENERERXMEZEFRENRAR, T
D—R"BRER"ZE (HMZhang-2022) .

Transistor density

107 5

— Moore’s law
0]l Fitting
» Transistor density N
L ]
107 4 i i

Density (PCs./mm?)
S

1970 1980 1990 2000 2010 2020
Year



- 005 ® RISC-V

T DR RS ARG b L

EX (Koomey) ERERHEILE

"BR'E—RNESupdatelRERA—#, BIRIERTHE. RIERAARETIFA
BRBERFD RE—HEEE, BHEES. " (There is only one thing. It
is oblivion.) , HEBXMTRAMA"EERKR" (Point of Oblivion) , &FiEO
B, BPREEZE/RIRRAIATZI. OblivionSZERANY, ERERERZE/RNAR
BNRER, 288", "TRIR", "EX'M'BEEE, BREATEENRER
B BREATRNPERANAELZTE.

MR, BEXEEMN=ERKRBE—EER, EXEE B—FKELTE, 28X
FEAEESREIX, AR =ERRR. 201 8MHARKHIMNEZERIRREE
EXRZ6NHER (WChen-Dongarra-Xu-2018) , EASFTRIBERERN
20F., MERRWIMUERZ 20400 BRI =ZERRE. BREERMETRRBE
RERMRAEXRERE, BEMNL, O-ABEEARSE2080F G XK.

CAIYIANSHENGAG
7. &ig

HESERNXRTUBRIANZEF_ER, ERMFTHNANBHARNEILE
WNEFEHEHEER., ZERTNFIARAENARESCAGREEL: FR2NE, MER
BREATEHENZLD, BRFEHREE. AEESHNARLIBEMEITEHRTA
JENAERENERTR, BRIHLAEREINTENYIESIIN., BEBHAER



BENTETENEELRZLRNE, MRBNFEHRERE, HEHTEE,

BEZERRRERZNITEEEFER.

FEEHRRCENNRAZAEOCRRARNIERE (WZhang-2024) , XM TEF
BRE., EREVERBEANERNAADNEARNEA, REXK. EREEREE
SYEELRTS, EEEVEN (FAAFNRZE)  YEELEEEMN (it from
bit, E#NRZE) . NERIFMA/RX (AHiAinanimate, Fldemon) HFEHL
% (Midintelligent being) AIEHYEZRIINOVEHE. EMEN L, it&
Bio RIS YESZEMARNZE,

"EHE'RE'BRRERRNN—ITRERXEENEYENBHNER, FERIR
NEFER, ROWEAAE, BB REXNEE. ZEBREHENRZEHRK
RF-HHMBIRIX—R. ZERER, KBHFEEREMHANN, MZERMER
BHEICREHIBEETREMEHANN. TRULEBERZE: REBRREKE.

(I erase, therefore, | am.)

FRE-NTIENZENMES. 5ZF7F, "B OR"ZERFZVEMOME.
BIFFRERIEHATTH, MA"OR"XKIGE, RIISsEAR: XETRXBHES
M. BBETEA) (AMRIXEAX, BEELTE, IREEAXRERANDPEEEN
5)  BEAHERBERKRA.

—PMERENEHER: FHERTRLEKERORLE. BIFORKLKEEAERN.

@

18, AXEFEEIEMIMANBARMIBIE, FIBE, #OR: Am. #HE. D0F. E£8
B, ZER. FTH XWI. BET. IRR. £EF. KXN. EER. EFF.

fEEEN:

B, GEEEFEERK. BRENRATEENRES R, PXEFEE (ATEEREE)
(ERER) (UNIXRZEINT) 1 (BFFB) F.

2E}H: (L TREHTNE)



[1] Aschenbrenner, Leopold (2024), SITUATIONAL AWARENESS: The
Decade Ahead, July, 2024.

[2] Bennett, C.H. (1982), The thermodynamics of computation-a review.
Int. J. Theor. Phys. Vol 21, 905.

[3] Bennett, C.H. (1987), Demons, Engines and the Second Law,
SCIENTIFIC AMERICAN.

[4] Bennett, C.H. (2003), Notes on Landauer’ s principle, reversible
computation, and Maxwell’ s Demon, Studies in History and Philosophy
of Modern Physics 34, 501-510.

ANEEHE (FBERE) MELRS

// (IR) SO0FERBEXNE

FFEEEA—MEE? | (ME) S0OEBENE
ERINGRIGIARAIGEREM | () S0FEBENE
TMEFAR(I) | (WE) S0FRBEXE
EEMIEFRAR(D) | (WE) S0FBEXE
EEMIEFRASK(M) | (WIE) SOFBEXE
BRERSYENEMSREE | (PE) S0EREXE
FZEE5EFTE | (WE) S0FBENE
BEEYEZRRTIIER | (WE) S0FREXE

EXRAI. M, FEAFRSENRBEIIZ | (WE) SOFERBEXE
EZARRKEREWER——NAMAFHBTENEZRO—ZEFE(I) | (BWE) 50FHE
B E
EMARMKERENER—NA&AFHETEYEZRO—FE(O) | (¥E) 505K
B E


http://mp.weixin.qq.com/s?__biz=MjM5NjYwNzM1Ng==&mid=2651729847&idx=1&sn=e29417ecda89e54aab64cfde3c695489&chksm=bd1c2ba48a6ba2b2d011e65112336c942b9599a3f7d6afc9b35da45ff709c282b4e2c014035f&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MjM5NjYwNzM1Ng==&mid=2651729894&idx=2&sn=e5670f28e122081eccdfc65fa9da3e21&chksm=bd1c2bf58a6ba2e347bd77fd3493106d3677f8e1c73505752f94d0c104d7510058222ee3f9d5&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MjM5NjYwNzM1Ng==&mid=2651732639&idx=1&sn=e6d17e7e47abfb19ea05f54ab19ebd48&chksm=bd1c3e8c8a6bb79a00580342b4d685a7923263c75988f036454fdd521cf44628ea7ca4c1d235&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MjM5NjYwNzM1Ng==&mid=2651732639&idx=2&sn=104a32a07e1769cc3098735a54523480&chksm=bd1c3e8c8a6bb79a7d0c57792317f8acdb5cb12e2287d04d5b68a2a5a89b2673dc2ec50213e9&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MjM5NjYwNzM1Ng==&mid=2651732639&idx=3&sn=6ef509a29f2c34cf29f4ab5219b1800e&chksm=bd1c3e8c8a6bb79a0fbea0c19bc5972b8d9912ece914b32e5a28badd107b8e82b4eaa15c3841&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MjM5NjYwNzM1Ng==&mid=2651732895&idx=1&sn=34063f696c2b87ea6a284857276a9646&chksm=bd1c3f8c8a6bb69a3c7f3725b8e5b593ab6decce802b4b545b97326ca1ad2df71b587f091511&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MjM5NjYwNzM1Ng==&mid=2651732941&idx=1&sn=feaac469113f0e704baa6d56a820febb&chksm=bd1c3fde8a6bb6c8ccb7a2ae82f13ad9350d25bd5f3a1499d2d09c712cfdda743642b4e7c22a&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MjM5NjYwNzM1Ng==&mid=2651732961&idx=1&sn=45c5753de294daf84206bb5a7e44d347&chksm=bd1c3ff28a6bb6e475036f0db721a96940ab571420e6427c180b9c9c08e38497c4a5e090822b&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MjM5NjYwNzM1Ng==&mid=2651732986&idx=1&sn=034d47506b28cdc9f14d4c8ca6530ce3&chksm=bd1c3fe98a6bb6ff3632d2fea70ad0f4996f6f3d4cf2c449d748b829b3708dc05cc4f2def0f6&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MjM5NjYwNzM1Ng==&mid=2651733050&idx=1&sn=c048a2316b5cf720458e52a3afe3f42e&chksm=bd1c38298a6bb13f97df297ebfc518334d944d32e0a24124aa23a2824815518516287a0c7181&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MjM5NjYwNzM1Ng==&mid=2651733050&idx=1&sn=c048a2316b5cf720458e52a3afe3f42e&chksm=bd1c38298a6bb13f97df297ebfc518334d944d32e0a24124aa23a2824815518516287a0c7181&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MjM5NjYwNzM1Ng==&mid=2651733050&idx=2&sn=2d1638e31dbb0dd06a154261a6aef31b&chksm=bd1c38298a6bb13ff1b26e599945859f9a87bc6303819e0a68d84da8bdb11fc69c4e0c36c303&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MjM5NjYwNzM1Ng==&mid=2651733050&idx=2&sn=2d1638e31dbb0dd06a154261a6aef31b&chksm=bd1c38298a6bb13ff1b26e599945859f9a87bc6303819e0a68d84da8bdb11fc69c4e0c36c303&scene=21#wechat_redirect

RFZETNRI: BESHII—E2RTFZETNRRIU60EE | (W) 50FEBE
NE

EHSRE——LREFICHETI0EE | (WE) S0ERBETE

HOMREE—ER | (WE) SOFBENE
FERCHEZRSEYEREGNHT——EFUA MM EIMMRAEXEMABKD XER
ARG EMRB(L) | (WE) S0FBIEXE
FEECYEZREEMERESNETE——RRZMNETREENENERKD XK
HRAIBEMRE(T) | (HE) S0FERBIENE

AT EHHORE——REIZBRENHEH | (HE) SOFRBEXE

MNP FENZHNHREEFRRIXN ——LCISIBIRICLEARSOFE | (W) S0FEBENE
EMETURAN——ER AL SHEESRE | (W) S0OFEBEYE

ZEEE: MELNERZ | (WE) S0FEBENE

BIRBRRIT YRR | (WE) S0FBIEXE

BENTH | (WIE) SOERBENE

—AEXTIRYEZRNEHAEE ——IF (BEDHZER) | (W) SOFRBENE
BREEE | (WIE) SOFRBGRNE

URZIE, BYZIE | (WE) S0FBEXE

KYRYE——WEZNFHER | (WE) S0FBENE
FHFXS0F | (M) S0FBENE

{#IER ——the Myth of Entropy | (#I8) S0ER%XE

MEZREEUR | (WE) SOFEBENE

ZEBIE——M 201 0FE NRUZRKE | (WE) S0OFBEXE
BNZIEMREH | (WE) S0OFBENE
RETMIR—HBERIVMEBHZECNBRITE | (WE) S0EBENE

L&Bohrfy (FAN=H) KX100AFEBITAZYELLERI100EE | (WE)
S0FEBIENE

ELEFHERIVK | () S0FEBENE

ERFEAENIEECHMSER | (WE) S0OFEBEXE
TEREZE—BRRESRUZIE | (WE) S0FBENE

ERMFEHABREANEIREER | (WE) S50FEBENE
BRREAMERNAIMESRINEET ——2016FEN/RYIBZRMBIE | (W) S0FERBEX

=z

=
HATARENLUFREYEZXD | (WIE) S0FRIEXE
BFNFeREA | (WE) S0FERBEXE
SRESHREIRAOkE | (MIE) S0OFBEXE
FEENBSEREDNE | (WE) S0FBEXE

BEZAZ | (ME) 50FBEXE

BREFIHENNSEEFTE—E@S. WRNEE | (WE) S0FEBENE
RKBPRAZ—: (HIEWEZHE) BEFSHN? | (PE) S0EBEXE

=3 NiE WE | (WIE) S05FBENE
XKTEFHENERRE | (WE) S0FREXE

= RMER ——2020F B N/RYEZREE | (WIE) S0FEBENE
RESHEZFNHERE——BUBRESRNEHETNS | (PE) S0FBEXE
MEBZRENZA | (WIE) S0FRBENE

MTFERFFLEER, BOCETHMAMERREMABRZRIG? | (WB) S0FBENE
MIRTRENARBURADNBRESEEREATHNER | (DE) S0EBEXE
BRI L B Z—: BEEBHNLRI | (WE) S0FBENE
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