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TAVHA BBITUS THE MYSTERY OF BEING



B CE MBI CYIIECTBYEM JIMIIb
HEIPOJIOJDKUTEJIBHBIN TEPMO/ BPEMEHU u Ha

€ro  NPOTSHKEHMH  CIIOCOOHBI  HMCCIIEIOBATh  JIMIIb
HEOOJIBIIIYI0 4YacTh MHpo3naHus. Ho momm - cymecrsa
Tr00OMNBITHRIE. MBI 33aJjaeMCsi BOIIPOCAMH, MBI HINEM Ha
HUX OTBETHI. JKUBSI B 3TOM OrpOMHOM MHpPE, KOTOPBIH
ObIBaeT TO JOOPBIM, TO >XECTOKHUM, W BIJISIBIBASACH B
OeckoHeuHoe HebOO, JIOAM  IOCTOSHHO  3aJal0TCs
MHOECTBOM BOMPOCOB: Kak MbI MOXXeM IMOHSATH MHp, B
KoTopoM okazanuck? Kak Beaér ce0s Beenennas? Kakosa
npuposna peanbHocTH? OTKyaa BCE 3TO BO3HUKIO?
Hyxnanace nu Bceenennast B co3narene? MHorue u3 Hac
HE TPaTAT MHOTO BPEMEHHU Ha 3TH BOIIPOCHI, HO MOYTH BCE
U3 Hac KOraa-mmbo 00 3TOM 3a1yMBIBATHCH.

TpagunuoHHo 3T0  Quiocockre BOMPOCH, HO
dunocodus mepra. OHa OTCTalla OT COBPEMEHHOM HAYKH,
0coO0eHHO (u3uku. Tenepp ydeHble NPUHSUIM 3cTaQeTy
IIEPBOOTKPHIBATENEN B HAILIEM IOUCKE 3HaHUU. Llens atoun
KHUTU - J1aThb OTBETHI, KOTOPBIC MPEIJIararoT HEJaBHHE
OTKPBITHS n JIOCTYKEHHUS B TEOPETHYECKUX
uccienoBanusax. OHU TOABOJAT HAC K HOBOM KapTHUHE
BcenenHol u Halero Mecra B HEH,

WE EACH EXIST FOR BUT A SHORT

TIME, and in that time explore but a small part of
the whole universe. But humans are a curious
species. We wonder, we seek answers. Living in
this vast world that is by turns kind and cruel, and
gazing at the immense heavens above, people
have always asked a multitude of questions: How
can we understand the world in which we find
ourselves? How does the universe behave? What
is the nature of reality? Where did all this come
from? Did the universe need a creator? Most of us
do not spend most of our time worrying about
these questions, but almost all of us worry about
them some of the time.

Traditionally these are questions for
philosophy, but philosophy is dead. Philosophy
has not kept up with modern developments in
science, particularly physics. Scientists have
become the bearers of the torch of discovery in our
quest for knowledge. The purpose of this book is
to give the answers that are suggested by recent
discoveries and theoretical advances. They lead us
to a new picture of the universe and our place in it



OTJIMYHOM OT TPAgUIMOHHOW M Jake TOW KAapTHUHBI,
KOTOPYIO MBI MOTIJIM HAPUCOBATh BCETO JINLIb AECATUIIETHE
win JBa Ha3an. OgHako mepBble HAOPOCKU HOBOM
KOHUEMNIMY MOKHO OTCJIEIUTh IIOYTH CTOJIETHE Ha3a/l.

CornacHO  TPaAMIMOHHBIM  TPEJCTABICHUAM O
BcenenHoii, O0OBEKTBHl  MEPEMEMIAIOTCS IO  YETKO
OnpeAeNéHHBIM TPACKTOPUAM M HMMEIOT ONpeieNéHHbIC
npeapicTopud. Mbl MOXEM ONpENeIUTb HMX TOUYHOE
MOJIO)KEHHE B 1000 MOMEHT BpeMeHU. XOTd JTOT
NoAX0J ObLI YCHEHIHBbIM Ui TOBCEAHEBHBIX 3ajad, B
1920-x ObUIO yCTaHOBIEHO, YTO O3THU "KIaccuueckue"
MPEACTABICHUSI HE MOTYT OOBSICHUTBH, Ka3ajaoch OBI,
CTpaHHOE TIOBeJIEHHE, HaOlloJaeMoe Ha aTOMHOM U
cybatoMHOM MacmrTabax ObiTus. BmecTto HHX OBLIO
HEOOXOUMO MPHUHSATH IPYT'YI0 KOHILENTYaIbHYIO MOJEIb,
Ha3BaHHYI0 KBaHTOBOW (u3ukoil. KBaHTOBBIE TeopHH
OKa3aJuCh YAMBHUTEIBHO TOYHBIMH B IPEICKAa3aHUU
cOoOBITHM Ha 3TUX MaclTabax, a Takke B IOBTOPEHHUU
IpeCKa3aHui CTapbIX KJIACCUYECKHX Teopui
IPUMEHUTEIBHO K MaKpOCKOITMYECKUM MUDY
NOBCEIHEBHON >kM3HM. Ho KBaHTOBas M Kiaccuyeckas
¢u3rKa OCHOBAaHbI Ha OYEHb pPA3JIMYHBIX KOHIEMIMIX
bu3nUecKoil peasbHOCTH.

that is very different from the traditional one, and
different even from the picture we might have
painted just a decade or two ago. Still, the first
sketches of the new concept can be traced back
almost a century.

According to the traditional conception of the
universe, objects move on well-defined paths and
have definite histories. We can specify their
precise position at each moment in time. Although
that account is successful enough for everyday
purposes, it was found in the 1920s that this
“classical” picture could not account for the
seemingly bizarre behavior observed on the
atomic and subatomic scales of existence. Instead
it was necessary to adopt a different framework,
called quantum physics. Quantum theories have
turned out to be remarkably accurate at predicting
events on those scales, while also reproducing the
predictions of the old classical theories when
applied to the macroscopic world of daily life. But
quantum and classical physics are based on very
different conceptions of physical reality.



“... U smo mos ¢unocogus.”

KBanToBble TEOpMHM MOXKHO CHOPMYIUPOBATH TO-

pasHOMYy, HO, HaBepHOe, Haubojee HHTYUTHBHOE
onpeaeneHue  Obuto  ngaHo  Puuapnmom  ([Jukom)
@DelHMaHOM,  KOJOPUTHBIM  IIEPCOHAXKEM,  KOTOPBIU
paboran B  Kamudopuuiickom  Texnomormueckom

yHHUBEpCUTETe U urpan Ha OapabaHax «OOHTO» B
npunopokHoM crpuntus-kiyde. CornacHo ®elinmany,
CHUCTEMA UMEET HE TOJBKO KaKyl-TO OJHY HCTOPHIO, HO
BCE BO3MOXKHBIE MCTOpPHM. B mpoliecce moucka Hammx
OTBETOB MBIl JI€TaIbHO pa3bsiCHUM DelHMaHOBCKUU
MOJIXOJ]

“. .. And that is my philosophy.”

Quantum theories can be formulated in many
different ways, but what is probably the most
intuitive description was given by Richard (Dick)
Feynman, a colorful character who worked at the
California Institute of Technology and played the
bongo drums at a strip joint down the road.
According to Feynman, a system has not just one
history but every possible history. As we seek our
answers, we will explain Feynman’s approach in



U HCIIOJIb3YEM €r0, YTOObI pacCMOTPETh UICI0 O TOM, YTO
cama BceneHHas He UMEET HE TOJIBKO OAHOW UCTOPUH, HO
Jaxke  cBOOOJHOro  ObITHSA. OTa MIes  KaXercs
panuKaIbHOM Naxke ans MHOTUX (pusmkoB. HecomHeHHO,
KaK ¥ MHOXECTBO TOYEK 3PEHHUS B COBPEMECHHOM HaykKe,
9Ta BBINIAUT HApyLIAIOLIEH BCSAKWM 31paBblil CMBICI.
Opnnako, 34paBblii CMBICI OCHOBAaH Ha IIOBCEJHEBHOM
OIBITE, @ HE Ha IPOSBICHUAX BCeleHHOUW MOCPenCcTBOM
YyyZiec TEXHOJOTUi, MOJOOHBIX TEM, YTO IO3BOJSIOT
YCTPEMHUTh B30p B TIIIyOWHBI aTOMa HWJIM OXBaTHUTh UM
Bcenennyro nenukom.

Jlo TosIBIIEHUSI COBPEMEHHOH (M3MKU OBLIO TPHUHSITO
JIyMaTb, YTO BC€ 3HAHMS MHpa MOTYT OBITh IOJY4YEHbI
nyTéM HEMOCPEACTBEHHOTO HAONIONEHHs, YTO BELIH
ABJIAIOTCSA TAKUMH, KAKUMH BBITIISAIAT U BOCIIPUHUMAIOTCS
HallUMU oOpraHamMu 4yBCTB. Ho BosHyromui ycnex
COBpPEeMEHHOM (u3uku, Oasupyromeiics Ha KOHLEHIMSX,
IMOJOO0HBIX DefHMaHOBCKOM, BCTYIAIOLIEH B
IIPOTUBOPEYUS c IIOBCEHEBHBIM OIIBITOM,
MPOAEMOHCTPUPOBAJI, UTO 3TO HE Tak. HauBHBIN B3rJsi1 HA
peaJbHOCTb, TaKUM 0O0pa3oM, HE COYeTaeTcss C
coBpeMeHHOM (u3nkoil. YToObl pa3zpemuTs H0J00HbIE
NapaJioKChl, HaM CIEAYeT IMPUMEHUTH MOIXOJI, KOTOPBIH
MBI Ha3bIBA€M MOJIEJIBbHO-3aBUCUMBIM peau3MoM. B ero
OCHOBE JIEKHUT HJed, 4TO Hall MO3I HHTEPIPETUPYET
WCXOJIHBIE JIaHHBIC, IIOJIy4aeMbl€ HAIIUMH OpraHaMH
4yBCTB, IIOCPEICTBOM IIOCTPOCHUS MOJEIIA OKPYXKAIOILIErO
mupa. Korna nogoOnas monenb

detail, and employ it to explore the idea that the
universe itself has no single history, nor even an
independent existence. That seems like a radical
idea, even to many physicists. Indeed, like many
notions in today’s science, it appears to violate
common sense. But common sense is based upon
everyday experience, not upon the universe asit is
revealed through the marvels of technologies such
as those that allow us to gaze deep into the atom
or back to the early universe.

Until the advent of modern physics it was
generally thought that all knowledge of the world
could be obtained through direct observation, that
things are what they seem, as perceived through
our senses. But the spectacular success of modern
physics, which is based upon concepts such as
Feynman’s that clash with everyday experience,
has shown that that is not the case. The naive view
of reality therefore is not compatible with modern
physics. To deal with such paradoxes we shall
adopt an approach that we call model-dependent
realism. It is based on the idea that our brains
interpret the input from our sensory organs by
making a model of the world. When such a model



MO3BOJISIET YCHENIHO OOBSCHUTH T€ WM WHBIE COOBITHSA,
MBI CTPEMUMCS IIpUIIUCaTh €W, PaBHO KaKk U
COCTABJIAIOIMM €€ JJIEMEHTaM M KOHIICHIIUSIM, Ka4eCTBO
peaTbHOCTH WM a0COJIIOTHOM HUCTUHBI. HO BO3MOXKHO
CYIIECTBOBAaHUE PA3JIUYHBIX CIIOCOOOB, KOTJa MOXKHO
CMOJICTUPOBATh TaKyIO K€ (PU3NYECKYIO CUTYaIUIO, HO C
HCITOJIb30BaHNEM OTJIMYHBIX dbyHIaMEHTATBHBIX
COCTaBIIIIONIMX MW  KoHuenuu¥. Ecau gaBe  Takme
bu3MYecKue TEOpUM WM MOJEIHW C JIOCTAaTOYHOU
CTEIIEHBIO TOYHOCTH IO3BOJISIIOT MPEACKA3aTh OJHU U TE
’)Ke COOBITHS, OJHA M3 HHUX HE MOXET CUHUTAThCS Ooliee
peaJibHOM, HEXenu Jpyras; Oojlee TOro, Mbl BOJIbHBI
UCIIONIb30BaTh Ty MOJENb, KOTOPYIO COUYTéM Haumbosee
TTOX OJISIICH.

B HCTOpUU HayKu MBI oOHapyKXHBaeM
MOCJIEA0BATEIbHOCTh COBEPIICHCTBYIOIIUXCS TEOPUN HIIH
Mozenel, ot Ilnatona k kimaccuueckor teopun HerotoHa
Y Jlajiee K COBPEMEHHBIM KBaHTOBBIM TeOpHsiM. Bo3HMKaeT
€CTECTBEHHBIN BOIIPOC: JlocTuraer B0 3Ta
MOCJIEIOBATEIbHOCTh KOHEYHOW TOYKH, CPOPMUPOBAB
abCcoMoTHYI0 TeopHio BceneHHOM, BKIIOYAIONIIYIO BcCe
CHUJIBl W TIPEICKA3bIBAIOIIYI0 Kaxaoe HaOIIeHne,
KOTOpPOE MBI CMOXKEM CJlieTIaTh, WM K€ MbI OyZeM BEYHO
MPOAOJKATh OTKPBIBaTh BCE JYUIIUE€ TEOPUHU, TAK U HE
HalJs Ty, UTO HE MOMJICKUT JalbHEHIIEMY YIy4IIeHUIO?
OnpenenéHHOro OTBETa Ha ATOT BOIMPOC y HAC TOKA HET,
OJIHAKO €CTh KaHAHJaT Ha aOCONIOTHYIO TEOPHUIO BCETO,
€CIIM TakoBasg B CaMOM JIeJieé CYIIECTBYET, U Ha3bIBACTCS
oH M-teopusi. M-Teopus 310

is successful at explaining events, we tend to
attribute to it, and to the elements and concepts
that constitute it, the quality of reality or absolute
truth. But there may be different ways in which
one could model the same physical situation, with
each employing different fundamental elements
and concepts. If two such physical theories or
models accurately predict the same events, one
cannot be said to be more real than the other;
rather, we are free to use whichever model is most
convenient.

In the history of science we have discovered a
sequence of better and better theories or models,
from Plato to the classical theory of Newton to
modern quantum theories. It is natural to ask:
Will this sequence eventually reach an end point,
an ultimate theory of the universe, that will
include all forces and predict every observation we
can make, or will we continue forever finding
better theories, but never one that cannot be
improved upon? We do not yet have a definitive
answer to this question, but we now have a
candidate for the ultimate theory of everything, if
indeed one exists, called M-theory. M-theory is



€IMHCTBEHHAsl MOJENb, 00JIafaonas BCeMH KadecTBaMH,
KOTOpBIE, 10 HAlleMy MHEHHUIO, JIOJDKHA HMETh
OKOHYATEJIbHAass TEOpUS M 3TO Ta TEOpHUs, HA KOTOPOU
OCHOBaHbl MHOTHE HAIlIU JAJIbHEHIIINE PACCYKICHHUS.

M-teopusi He SBIAETCS TeOpUeld B OOBIYHOM CMBICIIE
3TOrO CJIOBa. JTO LIEJI0€ CEMEIHCTBO Pa3jIMUHBbIX TEOPHil,
KaXxas M3 KOTOPBIX CIHOCOOHA OMMCHIBATH PE3YJIbTAThI
HaOJMIOEHUIT  TOJABKO B TPAHUIAX  KOHKPETHBIX
¢u3nyeckux cuTyanuil. ITo 4eM-TO HOXO0XKEe Ha Kapry.
OO1en3BecTHO, YTO  HEJNb3s  [OKa3aTb  3EMHYIO
IIOBEPXHOCTh LIEJINKOM Ha €MHCTBEHHOH KapTe. OObIuHas
MepxkaTopckas POEKLINS, UCIOJIb3yeMast I ¢
COCTaBJICHUS] KapT MHUpA, 3acTaBlIsieT O0JIACTH Ka3aTbCs
Bce Ooyiee KpPYMHBIMH OJM)KE K CeBEepy M IOTY U He
pacupoctpansierca Ha CeBepHbld M HOKHBIA TOIIOCHIL.
UroObl MONyYUTh TOYHYIO KapTy BCeH  3eMHOU
IIOBEPXHOCTH, HEOOXOJMMO MCIIOJIb30BaTh HabOp Kapr,
KaXKJasi U3 KOTOPBIX MOKPBIBAET OTPAaHUUYEHHYIO 00JacTb.
KapTel yacTH4HO NMOKPBIBAIOT APYT Ipyra U B MECTax, IAe
3TO MPOUCXOJUT, OHHU JIEMOHCTPUPYIOT OJUHAKOBBIN
nangmapt. M-teopuss mnonoOHa. Paznmuunble Teopuu,
COCTaBJISIIOLIME CEMENCTBO M-TEOpHH, MOTYT BBITJISIETD
BECbMa HECXO0XXMMH, HO BCE OHU MOTYT pacCMaTpHUBATHCA
KaK acleKTbl OJHOM OCHOBHOW Teopuu. OHM SBISAIOTCS
BEPCUSIMM  TEOPUM,  INPUMEHUMBIMH  TOJIBKO B
OTpaHMYEHHBIX PaMKax - HallpuMep, KOrja onpeesEHHbIe
BEJIMYMHBI, Takue Kak »HHeprus, Maubl. [logobHO
HaJIOKEHUIO KapT B MepKaTopoOBCKOM NMPOEKLNH, TaM, T/Ie
pamKu

the only model that has all the properties we think
the final theory ought to have, and it is the theory
upon which much of our later discussion is based.
M-theory is not a theory in the usual sense. It is
a whole family of different theories, each of which
is a good description of observations only in some
range of physical situations. It is a bit like a map.
As is well known, one cannot show the whole of
the earth’s surface on a single map. The usual
Mercator projection used for maps of the world
makes areas appear larger and larger in the far
north and south and doesn’t cover the North and
South Poles. To faithfully map the entire earth,
one has to use a collection of maps, each of which
covers a limited region. The maps overlap each
other, and where they do, they show the same
landscape. M-theory is similar. The different
theories in the M-theory family may look very
different, but they can all be regarded as aspects of
the same underlying theory. They are versions of
the theory that are applicable only in limited
ranges—for example, when certain quantities such
as energy are small. Like the overlapping maps in
a Mercator projection, where the ranges of



pa3IMYHBIX BEPCUN HAKJIAABIBAIOTCS JAPYT Ha JApPyra, OHH
MPEACKa3bIBAIOT TO K€ camoe sBieHue. Ho kak He
CYyILIECTBYET IUIOCKOM KapThl, COAEPHKALICH KaueCTBEHHOE
MIPE/ICTABJIICHHE 3€MHOM MOBEPXHOCTU ILIEJIMKOM, TaK U HE
CyLIECTBYET  €IMHCTBEHHOM  TEOpUH,  COAEpKallen
KaueCTBEHHOE MPEJICTABICHUE PE3yJIbTATOB HAOIIOICHHMIA
JUJIS1 BCEX CUTYaIUH.

Muposas Kapra. Moxer noTpe00BaThCst PsiI IEPEKPHIBAOIINXCS
TEOPHii JJ1s1 OnTUcanus BeeeHHOM, Kak TpeOyroTCes
MIEPEKPHIBAIONTUECS KAPThI JIJIs TIPEICTABICHUS 3eMITH.

Mbl onuimieMm, kak M-Teopusi MOXKET MNPEIIOKUTh
OTBETHl Ha BOINpPOCHl cOoTBOpeHus: mupa. CorimacHo M-
Teopuu, Hama BceneHHas He sABISETCA €IMHCTBEHHOW B
cBOEM poje. Hamporus,

different versions overlap, they predict the same
phenomena. But just as there is no flat map that is
a good representation of the earth’s entire surface,
there is no single theory that is a good
representation of observations in all situations.

World Map It may require a series of overlapping theories to represent
the universe, just as it requires overlapping maps to represent the earth.

We will describe how M-theory may offer
answers to the question of creation. According to
M-theory, ours is not the only universe. Instead,



M-teopuss INpenckasplBacT CyIIECTBOBAHUE OIPOMHOIO
MHOXECTBAa BCEJICHHBIX, CO3AAHHBIX OYKBAJIbHO W3
Huuero. Mx co3gaHue He TpeboBalo BMEIIATENbCTBA
KaKoro-mbo CBEpXbECTECTBEHHOTO CyliecTBa wiu bora.
Ckopee, 3TM MHOXECTBEHHBIC BCEJICHHBIC BO3HHUKIH
€CTeCTBEHHBIM O00pa3oM, KaK CIEICTBUE (PHU3UUECKUX
3aKOHOB. OHHM SBISIOTCS HAy4YHBIM IPEANIOIOKECHUEM.
Kaxnasa BceneHHas mMeeT MHOXECTBO IPENBICTOPUN H
MHOXECTBO BO3MOXHBIX OyAYILIUX COCTOSHHUH, TO €CTb
BpEMEHA MOJO0HBIE HACTOSIIEMY, CIYCTS IOJIHH CpOK
[OCJI€ WX BO3HMKHOBEHMs. DbBONBPIIMHCTBO M3 3THX
COCTOSIHUI OYyAyT 3HAUUTENbHO OTJIMYATHCS OT YCJIOBUH
Toii BceneHHON, KOTOpyHO MBI MOXeM HaOnroaaTh, a
TaKke OyayT ciabo TMOAXOIUTHh Uil CYIIECTBOBAHUS
00601 ¢opmbl ku3HU. TosbKO Manmas yacTb M3 HHUX
MO3BOJIUT CO3JIaHUSM, IOAOOHBIM HaM, CYLIECTBOBATH.
Takum o0Opa3oM, Hallle MPUCYTCTBHE BBIOMPAECT U3 3TOTO
OTPOMHOIO MacCHBa TOJIBKO T€ BCEJIICHHBIE, KOTOpBIE
COBMECTHMBI C YCJIOBHUSMM HAIIEr0 CYHIECTBOBAHMS. JTO
AT HaM OIlyIIEHHE ceOsl KaK BEHIIOB TBOPEHUS, XOTS MBI
cJ1a0bl U He3HAUYUTEIIbHBI.

Uro6sl mNOHATH NOBeneHue BceneHHolt Ha caMom
rJ1yOOKOM ypOBHE, HaM HEO0XOJMMO TOHSTh HE TOJBKO
Kak Be€T ce0sa Bcenennas, HO U nouemy.

Ilouemy umo-ubo npucymcmeyem, 6mecmo moeo,
4mooObL OMCYymcmeosams?

Ilouemy mor cywecmeyem?

Ilouemy umeem mecmo UMEHHO MAKOU HAOOP 3AKOHOS,
a He Kaxou-1ubo

M-theory predicts that a great many universes
were created out of nothing. Their creation does
not require the intervention of some supernatural
being or god. Rather, these multiple universes
arise naturally from physical law. They are a
prediction of science. Each universe has many
possible histories and many possible states at later
times, that is, at times like the present, long after
their creation. Most of these states will be quite
unlike the universe we observe and quite
unsuitable for the existence of any form of life.
Only a very few would allow creatures like us to
exist. Thus our presence selects out from this vast
array only those universes that are compatible
with our existence. Although we are puny and
insignificant on the scale of the cosmos, this
makes us in a sense the lords of creation.

To understand the universe at the deepest level,
we need to know not only how the universe
behaves, but why.

Why is there something rather than nothing?
Why do we exist?
Why this particular set of laws and not some



unou?

Ot10 u ecth AbcomotHbiii Borpoc JKu3nu, Beenennoit
u Bcero. MBI TOJDKHBI TTOTIBITATHCS J1aTh HA HETO OTBET B
9Toi KkHUre. U B oTiMuMe OT OTBETa, JAHHOTO B KHUTE
"Ademocmonom no [anaxmuxe”, Haml He OyIET SBIATH
co0oif yucno 42.

other?

This is the Ultimate Question of Life, the
Universe, and Everything. We shall attempt to
answer it in this book. Unlike the answer given in
The Hitchhiker’s Guide to the Galaxy, ours won't
be simply “42.”
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BJIACTBH 3AKOHA THE RULE OF LAW



Ckonnw, 601K, KOMOpbIL QoaxceH nyzamo JIyHy, noka
ona nemum « /pegy Cxopou
Xamu, eonx uz pooa Xpoosumnupa, Komopwviii Q0AHCeH
npeciedosamuv Connye.
PEUU I'PUMHUPA, Cmapwas 300a

B MHUDOJIOI'N BUKHMHI'OB Cxkoits 1 Xatu

npecinenytor Connne u Jlyny. Korma xors Obl oguH u3
BOJIKOB JIOBUT CBOIO JOOBIUYy, IMPOUCXOIUT 3aTMEHHE.
Korna momoGHoe ciywaercsi, Jroau Ha 3emje cremar
ocBoboauTe Comune wiau JlyHy, mpou3BoAs Kak MOKHO
OospIIe mIymMa B HaJeKJe HCIyraTh BOJKOB. [loxoxkwue
MU(BI CYIIECTBYIOT M B JpPYyrUx KynbTypax. Ho mo
MpomeCTBUMU BPEMCHU JIIOJU, HOJIKHO 6I)ITI), 3aMETHJIIN,
yro Jlyna u ComnHIle BCKOpPE BBIXOASIT U3 COCTOSIHHS
3aTMEHUS, OC30THOCUTEIHLHO K TOMY, OEraroT JIM OHHU C
KpUKaMd WM IsAmyT ¢ OyOHamu. CmycTs Kakoe-To
BpEMA OHH OOJIKHO OBITH TAKXKE 3aMETHUJIN, YTO 3aTMCHU
HE TPOUCXOAAT CIy4ailHBIM 00pa3oM, B HX MOSBICHUU
UMEJIM  MECTO  TIOBTOPSIOIIHAECS  3aKOHOMEPHOCTH.
HaubGonee oueBuIHBIMH TIOJJOOHBIE 3aKOHOMEPHOCTH
OBLIH JJIA JIYHHBIX SaTMeHHﬁ, YTO ITO3BOJIMIIO APEBHUM
BaBUJIOHSIHAM TIPE/ICKAa3bIBATh UX IOCTATOYHO

Skoll the wolf who shall scare the Moon
Till he flies to the Wood-of-Woe:
Hati the wolf, Hridvitnir’s kin,
Who shall pursue the sun.
—“GRIMNISMAL,” The Elder Edda

IN VIKING MYTHOLOGY, Skoll and Hati chase
the sun and the moon. When the wolves catch
either one, there is an eclipse. When this happens,
the people on earth rush to rescue the sun or
moon by making as much noise as they can in
hopes of scaring off the wolves. There are similar
myths in other cultures. But after a time people
must have noticed that the sun and moon soon
emerged from the eclipse regardless of whether
they ran around screaming and banging on things.
After a time they must also have noticed that the
eclipses didnt just happen at random: They
occurred in regular patterns that repeated
themselves. These patterns were most obvious for
eclipses of the moon and enabled the ancient
Babylonians to predict lunar eclipses fairly



TOYHO, XOTSI OHU M HE OCO3HABAJIH, YTO MIPUYMNHON JTyHHBIX
3aTMeHuil Obl1a 3emis, Nperpaxiaromas MyTb Jydam
Conmama.  CosHeuHblE  3aTMEHHSI  OBUIO  CIIOXKHEE
MMpEaACKa3aTb, NOCKOJIbKY UX MOXKHO OBLIO BUACTH, TOJIIBKO
Haxo/sicb Ha 3emyie B TpaHMLAX KOpUAOpa IIWPUHON
okoigo 30 wmwie. Tem He MeHee, Oyaydd OIHAXKIbI
HNOJAMEYEHHBIMHM,  3TH  3aKOHOMEpPHOCTH  CHeNalli

IIOHATHBIM TOT q)aKT, YTO 3aTMCHHUA HC 3aBUCCIU OT
CBOCBOJIbHBIX KaIllpHU30B CBEPXBECTCCTBCHHBIX CYHIECTB, a
CKOpPCC NMOAYHNHAINCHE HCKUM 3aKOHaM.

3armenue. /[peBHUE HE 3HAIHU, YTO BBHI3BIBAET 3aTMEHISI, HO OHU
3aMeyaii 3aKOHOMEPHOCTH B UX BO3HUKHOBEHUHU.

accurately even though they didn’t realize that
they were caused by the earth blocking the light of
the sun. Eclipses of the sun were more difficult to
predict because they are visible only in a corridor
on the earth about 30 miles wide. Still, once
grasped, the patterns made it clear the eclipses
were not dependent on the arbitrary whims of
supernatural beings, but rather governed by laws.

Eclipse The ancients didn’t know what caused eclipses, but they did notice
patterns in their occurrence.



He cmoTps Ha HEKOTOpblE paHHHE YCIEXU B
IpeACcKa3aHUM JBW)KEHUs HEOECHBIX TeJ, HAIlW IpPeAaKd
CUMTaJIM, YTO OOJBIIMHCTBO NPUPOJIHBIX  SIBJICHUM
HEBO3MOJXKHO IpeCKa3aTh. ByllkaHWueckne U3BEpKEHMUS,
3EMJIETPSACEHHUS], LITOPMBI, SMUACMHUHU, & TAKXKE BPOCIIHE
HOI'TH - BCE 3TO, Ka3aJoch, cilydaercs 0e3 O4eBHIHBIX
IIPpUYMH WM 3aKOHOMEPHOCTEH. B npeBHHME BpeMmeHa

CUHTAJI0Ch €CTCCTBCHHBIM IIPUIIHCBIBATb IIPpUYIHUHBI
HCHUCTOBCTBA Mpupoabl MMAaHTCORY 3JIbIX HnJIn
He,[[06p0)KCJ'IaTCJ'IbHBIX 0oroB. bencrBus qacTo

BOCIIPUHUMAJIUCh KaK 3HaK TOro, YTO MBI YEM-TO
nporueBanu 6oros. Hanpumep, okosno 5600 net g0 Haiei
9pbl, u3Beprcs ByJdkaH ropbl Maszama B Operose,
BbIOpachlBass KaMHU U TOPSIIMNA  Temea  TOAaMH,
MOBJICKITUNA MHOTOJICTHUE JTOXIH, 3al0JHUBIINE B UTOTE
BYJIKAHUYECKHM Kparep, HaszpiBaroluiica ceiyac O3epo
Kparep. ¥V operonckux mnueiines remenn Kinamar ecthb
JereHjia, B KOTOPOH OMUCaHbI JTaHHBIE COOBITHS, BIUIOTH
JI0 TEOJIOTMYECKUX JeTajed, OJHAaKo ¢ J00aBlieHHEM
JIpaMaTU4YEeCKUX DSJIEMEHTOB, BBICTABJISIOLIMX YEIOBEKA
BUHOBHUKOM  JaHHOM  katactpodbl.  CrnocoOHOCTH
YyeJIoBeKa YyBCTBOBaTh BHHY TaKOBa, UTO JIIOAW BCErAa
W3BICKMBAIOT CMOcoObl 00BUHUTH cebs. Kak rmacur
nerenna, Jlao, Boxaer Hmwkuero Mupa, BiroOuics B
KPaCHBYIO YEJIOBEUYECKYIO JIEBYIIIKY, T0Yb

Despite some early success predicting the
motion of celestial bodies, most events in nature
appeared to our ancestors to be impossible to
predict.  Volcanoes, earthquakes, storms,
pestilences, and ingrown toenails all seemed to
occur without obvious cause or pattern. In ancient
times it was natural to ascribe the violent acts of
nature to a pantheon of mischievous or
malevolent deities. Calamities were often taken as
a sign that we had somehow offended the gods.
For example, in about 5600 BC the Mount
Mazama volcano in Oregon erupted, raining rock
and burning ash for years, and leading to the
many yvears of rainfall that eventually filled the
volcanic crater today called Crater Lake. The
Klamath Indians of Oregon have a legend that
faithfully matches every geologic detail of the
event but adds a bit of drama by portraying a
human as the cause of the catastrophe. The
human capacity for guilt is such that people can
always find ways to blame themselves. As the
legend goes, Llao, the chief of the Below World,
falls in love with the beautiful human daughter of



BOX 4 miieMenn Knamart. OHa oTBepriia ero, i B OTMECTKY
Jlao mombITancss ¢ MOMOMIIBIO OTHS YHUYTOXHUTH ILIEMS
Knamar. K cuacTteio, cornacHo jaereHne, Ckei, BOXIb
Bepxnero Mupa, noxainen arojeil 1 BCTYIIUI B OUTBY €O
CBOMM MOA3EMHBIM OIIIIOHEHTOM. B KOHEYHOM cuUerTe,
u3paneHHbld Jlao ymanm Ha ropy Masama, ocTraBuB
OTPOMHYIO JIBIPY, KpaTep, CO BPEMEHEM 3aIlOJHUBIIUNCS
BOJIOM.

He3nanue 3akoHOB MOpHUpPOJbI MPUBOJIWIO JHOJACH B
JIpEBHUE BpeMeHa K M300peTEeHUIO 00roB,
paclpoCTpaHAIONIMX CBOE BIUSHME Ha KaXJbli acleKkT
YEJIOBEUYECKON JKM3HM. bplau Ooru r00BHM M BOMHEL,
Connia, 3emnu ¥ He0a, OKEaHOB U PeK, MOXIA U Oypb,
Make 3eMIIeTpsicCeHW W ByiakaHoB. Korma Ooru ObLin
JIOBOJIbHBI,  YEJOBEYECTBO  HACIAXKIAJIOCHh  XOpOIIEH
MOTOJI0N, MHPOM. a TaKKe CBOOOJOW OT MPHUPOITHBIX
karactpodp u Oone3Heil. byayunm paccTpoeHHBIMH H
HEJIOBOJIbHBIMU, OHHU BBI3bIBATM 3aCyXH, BOWHBI, MOp U
snuaeMud. IlockolbKy TPUYMHHO-CIEACTBEHHBIE CBSA3H,
JeXKalue B OCHOBE MPUPOJHBIX SBJICHHUM, OCTABAIUCH
HEBUIMMBI  YENOBEUYEeCKOMY  TIJla3y, TyTH  OOroB
MPEACTABIUINCH HEMOCTHXKUMBIMH | JIFOJH JOJKHBI ObLTH
ynoBaTh Ha uX Muioctb. Ho ¢ mnosiBnenuem @Paneca
Munerckoro (npum.624 1o PX - npum.546 no PX) oxoino
2600 mer Ha3ad, MHOJOXKCHHE JEI HAYalo0 MEHSITHCH.
IlossBunack njes, 9TO npupoaa cienyer
HEMPOTHUBOPEUYUBHIM IPUHIIUIIAM, KOTOPbIE

a Klamath chief. She spurns him, and in revenge
Llao tries to destroy the Klamath with fire.
Luckily, according to the legend, Skell, the chief of
the Above World, pities the humans and does
battle with his underworld counterpart. Eventually
Llao, injured, falls back inside Mount Mazama,
leaving a huge hole, the crater that eventually
filled with water.

Ignorance of nature’s ways led people in
ancient times to invent gods to lord it over every
aspect of human life. There were gods of love and
war; of the sun, earth, and sky; of the oceans and
rivers; of rain and thunderstorms; even of
earthquakes and volcanoes. When the gods were
pleased, mankind was treated to good weather,
peace, and freedom from natural disaster and
disease. When they were displeased, there came
drought, war, pestilence, and epidemics. Since the
connection of cause and effect in nature was
invisible to their eves, these gods appeared
inscrutable, and people at their mercy. But with
Thales of Miletus (ca. 624 BC— ca. 546 BC) about
2,600 years ago, that began to change. The idea
arose that nature follows consistent principles that



MOTYT OBITh pa3ramanbl. M BOT Tak Hayajcs IOITHA
MpolecC 3aMElIeHUsl MPEACTABICHU O BJIAaCTU OOTOB
KOHIlenuuer  BcenenHoit, ympaBisieMoil  3aKOHaAMHU
MPUPOJIBI U CO3/IAHHOM IO YepTEKaM, KOTOPbIE MbI KOT/Aa-
HUOYIb HAYYUMCS YUTATh.

C TOUYKM 3peHHUs XPOHOJOTUMU YEJIOBEYECKON HCTOPHH,
Hay4YHbIE UCCJIEIOBAHUS SBIISIOTCS BECbMa HOBBIM BUJOM
JedarenbHoCTU. Ham B, 4esloBeK pa3yMHBIN, 3apOJHIICS
K tory oT nmycteinu Caxapa B Adpuke okoso 200000 et
no PX. Okono 7000 ner no PX mosiBUiCS MUCHbMEHHBIM
A3BIK, KaK MPOAYKT Pa3BUTHS OOIIECTB, 3aHUMAIOIIUXCS
BBIpAIIUBaHUEM 3€pHOBBIX KynbTyp. (B HexoTopmix u3
CTapedIunx Haanuced peyb UIET O JHEBHON HOpPME IUBA,
JI03BOJICHHOM KaxJoMy rpaxkaaHuny). Haunbonee pannue
3aMMcH  BEIMKOM  JIpeBHETpeuecKod  IMBUIIM3AINH
natupytoress 9 Bekom 10 PX, HO pacuser sToit
LIMBWJIN3AI[MU, U3BECTHBIM Kak "Kilaccuueckui mnepuon',
HACTYMWJI HECKOJbKMMH BEKaMHU TI03)KE, Ha4yaBIIUCh
Hezanonro g0 500 roma no PX. CormacHo ApucTorento
(384 - 322 1o PX), 370 mpoH301LI0 TPUMEPHO B TO BpeMs,
korna danec BmepBble pazpaboTall TMIIOTE3Y O TOM, YTO
MHP MOXET OBITh IO3HAH, YTO CIIOKHOCTh COOBITHIA,
MPOUCXOSAIINX BOKPYT Hac, MOXET OBbITh CBeleHa K
MPOCTHIM TPHUHITUIIAM U OOBSICHEHa 0€3 HCIOJIh30BaAHUS
MUDOIOTHUECKUX UITU TEOJOTHUECKUX TOJTKOBAHHIA.

could be deciphered. And so began the long
process of replacing the notion of the reign of gods
with the concept of a universe that is governed by
laws of nature, and created according to a
blueprint we could someday learn to read.

Viewed on the timeline of human history,
scientific inquiry is a very new endeavor. Our
species, Homo sapiens, originated in sub-Saharan
Africa around 200,000 BC. Written language dates
back only to about 7000 BC, the product of
societies centered around the cultivation of grain.
(Some of the oldest written inscriptions concern
the daily ration of beer allowed to each citizen.)
The earliest written records from the great
civilization of ancient Greece date back to the
ninth century BC, but the height of that
civilization, the “classical period,” came several
hundred years later, beginning a little before 500
BC. According to Aristotle (384 BC—322 BC), it was
around that time that Thales first developed the
idea that the world can be understood, that the
complex happenings around us could be reduced
to simpler principles and explained without
resorting to mythical or theological explanations.



Qanecy  NPUNKCHIBAIOT  MEPBOE  MpeACKa3aHue
cojHe4Horo 3arMeHus B 585 rongy no PX, xoTs BbIcOKas
TOYHOCTh €ro TpeJcKa3aHus, OblIa, CKOpee BCero,
yaauHbIM coBnajienneM. OH ObUT 3aralIoYHON JTUYHOCTHIO,
HE OCTaBUB IOCiE ce0s HUKAKUX CBOUX MHCbMEHHBIX
TpyAoB. Ero 1om, sBISISICH OTHUM W3 MHTEJUIEKTYaJIbHBIX
LEHTPOB PpETMOHA, KOJOHU3UPOBAHHOIO TpPEKaMHU U
Ha3bIBAEMOI'0 "Uonus", OKa3bIBaJI BIIUSHUE,
pacupoctpanuBlieecs oT Typuuu Ha 3anaf, no Hramuu.
WNonmiickas Hayka ObL1a NpEANPUATHEM, OTMEUEHHBIM
3HAUYUTEJIbHBIM HWHTEPECOM K PaCKpBITHIO
OCHOBOIIOJIATalOIIMX 3aKOHOB C LIEJBI0  IOJIY4YEHHUS
OOBSCHCHUN TPUPOJIHBIX SABJICHUH, 3HAMEHATCIHHOM
BEXOW B MCTOpPUM uenoBedveckux uaeu. Mx moaxop Obui
palMoOHAJIEH W BO MHOTMX Ciy4asiX [pPUBOOWI K
3aKIIIOYCHUSM, YIUBUTEIHHBIM 00pa30M COBIAJAIOIIUM C
TEMH, K KOTOPbIM Hamu, Ooyiee H30IIPEHHBIE METO[HI,
NpUBOAAT Hac ceroAHs. OH MPeACTaBIsT COOOM BEIIUKOE
HaunHaHve. Ho cmycts  cronerus  OOJNBLIIMHCTBO
MOHMMCKUX HAYYHbIX 3HAHUI OYyIyT 3a0bITHI - TOJIBKO JUIS
TOTO, YTOOBI OBITh OTKPBITHIMH MM HM300PETEHHBIMU
3aHOBO, MHOTI'/1a HE €TUHOK/IbI.

CornacHo Jieresjie, neppas MaremaTuueckas ¢opmyia
TOTO, YTO CEroJHs Mbl MOINIM Obl Ha3BaThb 3aKOHOM
OPUPOJBI, BOCXOAWT K HOHUHIY 1o uMeHH [ludarop
(mpum.580 no PX - 490 no PX), uzBecTHOMY TE€OPEMOM,
HAa3BaHHOU B €ro YeCTh U IJ1acsIieil, 4To KBaapaT

Thales is credited with the first prediction of a
solar eclipse in 585 BC, though the great precision
of his prediction was probably a lucky guess. He
was a shadowy figure who left behind no writings
of his own. His home was one of the intellectual
centers in a region called Ionia, which was
colonized by the Greeks and exerted an influence
that eventually reached from Turkey as far west as
Italy. Ionian science was an endeavor marked by a
strong interest in uncovering fundamental laws to
explain natural phenomena, a tremendous
milestone in the history of human ideas. Their
approach was rational and in many cases led to
conclusions surprisingly similar to what our more
sophisticated methods have led us to believe
today. It represented a grand beginning. But over
the centuries much of Ionian science would be
forgotten—only to be rediscovered or reinvented,
sometimes more than once.

According to legend, the first mathematical
formulation of what we might today call a law of
nature dates back to an Ionian named Pythagoras
(ca. 580 BC—ca. 490 BC), famous for the theorem
named after him: that the square of the



TUTIOTEHY3bl  (AJIMHHAsE  CTOPOHA)  MPSMOYTOJIBHOTO
TPEYrOJIbHUKA PAaBEH CyMME KBaJpaTOB JIBYX JPYTUX
cropoH. ['oBopsT, uto Iludarop OOHAPYKHI HYHUCIOBYIO
CBA3b MEXKIYy JUIMHOW CTPyH, MCIOJB3yEMBIX B
MY3bIKQIBHBIX ~ MHCTPYMEHTaX, ¥ TapMOHHUYECKUMHU
COUCTAaHHUAMU 3BYKOB. FOBOpH CCTrOJHAINHUM A3BIKOM, MbI
Moryii Obl OmUcaTh 3Ty CBs3b, CKa3aB, YTO YacToOTa -

KOJIMYECTBO Kole0aHWi B CEKyHIYy - JJIs CTPYHSHI,
KOJICOJTIONICHCSl TPH TIOCTOSIHHOW BEIIMYHMHE HATSDKEHUS,
0o0paTHO  TPONMOPIHMOHAILHO  JyMHE  CcTpyHbl. C

IPAaKTUYECKON TOUYKH 3pEHUs 3TO 0OBSICHAET, MoYeMy Oac-
TUTaphI JIOJDKHBI IMETh O0Jiee JJIMHHBIE CTPYHBI, HEXEIN
oObIyHbIe TUTapbl. Bo3MoxkHO, 1 He [Indarop oTkpsL1 3TO
- OH TaK)K€ HE OTKPBIBAI TEOPEMY, HOCAILYI) €ro UMs -
BElb CYILECTBYET CBUIETEIBCTBO, 4YTO 3aBUCUMOCTH
MEXy JUIMHHOW CTPYHBI M BBICOTOHN 3BYyKa OblIa M3BECTHA
B ero Bpemsa. Eciu 3TO Tak, TO MOXHO Ha3BaTb 3Ty
IPOCTYI0O MaTeMaTU4YecKyro (popmysy MepBbIM IPUMEPOM
TOrO, YTO HAaM B HACTOSAIIEE BPEMSA HU3BECTHO, Kak
TeopeTudeckas pusuka.

hypotenuse (longest side) of a right triangle equals
the sum of the squares of the other two sides.
Pythagoras is said to have discovered the
numerical relationship between the length of the
strings used in musical instruments and the
harmonic combinations of the sounds. In today’s
language we would describe that relationship by
saying that the frequency—the number of
vibrations per second—of a string vibrating under
fixed tension is inversely proportional to the
length of the string. From the practical point of
view, this explains why bass guitars must have
longer strings than ordinary guitars. Pythagoras
probably did not really discover this—he also did
not discover the theorem that bears his name—but
there is evidence that some relation between
string length and pitch was known in his day. If so,
one could call that simple mathematical formula
the first instance of what we now know as
theoretical physics.



Honns. Yuensie apeBHell MoHUH OBLIH CPEIH MEPBBIX, KTO OOBICHSIT
MPUPOIHBIC ABJICHUS YEPe3 3aKOHBI IPUPOJIBI, a HE Yepe3 MU(DBI U
OorocoBue.

OtnenpHO oT 3aKOHa CTPYH [Mugaropa
€IMHCTBCHHBIMA  (DU3WYECKUMHU  3aKOHAMH, KOTOpbIE
TOYHO OBUIM W3BECTHBI IPEBHUM, SIBIISIOTCS TPH 3aKOHA,
nopoOHo onmcanHeie ApxumenoMm (mpum. 287 no PX -
npuM. 212 no PX), ropa3no Gojee M3BECTHBIM (PUZUKOM
AHTUYHOCTH. B ceronHAmHeNd TEPMHUHOJIOTHUM 3aKOH
pplyara OOBSICHAET, YTO MaJbIMH CHJIAMH MOXET OBITh
MOJHAT OOJNBIION BEC, MOTOMY YTO phIYAr YBEINYHBACT
CHJIy COTJIACHO OTHOILUEHUIO PACCTOSIHUM OT

lonia Scholars in ancient lonia were among the first to explain natural
phenomena through lows of nature rather than myth or theology.

Apart from the Pythagorean law of strings, the
only physical laws known correctly to the ancients
were three laws detailed by Archimedes (ca. 287
BC—ca. 212 BC), by far the most eminent physicist
of antiquity. In today’s terminology, the law of the
lever explains that small forces can lift large
weights because the lever amplifies a force
according to the ratio of the distances from the



TOYKM OIOpPBI pblYara. 3aKOH IUIABYYECTH TIJIaCUT, YTO
m000K  00BEKT, TOMEHMIEHHBIA B KUAKOCTh, OyneT
UCIIBITHIBAaTh  BBITAJIKMBAIOIIYIO CHJIY, PpaBHYK BeCy
BBITECHEHHON 00BEKTOM XuAKOCTU. 1 3akoH oTpakeHus
YTBEPKJIAET, YTO YIrOJ MEXAY Jy4OM CBETAa U 3€PKajIOM
OylIeT paBeH YINIy MEXIY 3€pKaioM U OTpakKEHHBIM
aydyoMm. OgHako caM ApxuMe] He Ha3blBaJl UX 3aKOHAMH,
OH TaK)Ke HE OOBSCHSI UX CO CChUIKAMU Ha PE3yJbTaThI
HaOmoZeHUH W u3MepeHuil. Bwmecto 3Toro oH
paccMarpuBall WX KaK YHCTO MAaT€MAaTHYECKHE TEOPEMBI,
ABIIAIONIMECS YacTblO, HE TpeOyrome 10Ka3aTenbCTB
CHCTEMBI, BEChbMa CXOXKEW ¢ TOH, 4TO DBKIHJ CO3/1all JJIs
T€OMETPHUH.

[To wmepe pacnpocTpaHeHHUs] HMOHUKUCKOTO BIIMSIHUS
MOSIBJISUTUCH U APYTUE JIOJU, CIOCOOHBIE YBUIETH, YTO BO
BceneHnHol npuCyTCTBYET ONMPENEIEHHOIO poAa MOPSIOK,
KOTOPBI MOXKET OBITh TIOHAT MOCPEACTBOM HAOIIOICHUN U
(GopMUPOBaHUS YMO3AKIIOUEHUN. AHakcUMaHap (IIPHUM.
610 no PX - mpum. 546 no PX), apyr u, BO3MOXHO,
yaennk  Daneca,  yTBEp)KJald,  UYTO  IOCKOJIbKY
YeNOBEYECKHEe MIAJACHIBI TpPU POXKICHUH aOCOITIOTHO
0ecTOMOIIHBI, TO €CIu Obl MEPBbIM YETOBEK KaKUM-IHO0
o0Opa3om nosiBuiics Obl Ha 3emiie, OyAydd MIIQJCHIIEM, TO
HEe cMOr Obl BBDKMTH. B panbHElIIeM, W 3TO MOXKHO
OTMETHUTH KaK NEPBBIM B HICTOPUU YE€IOBEUECTBA HAMEK Ha
ABOJIONNI0, AHAKCHMaHApP OOOCHOBBIBAJ, YTO JIIOJIH
JMOJKHBI OBUTH, TaKUM OOpa3oM, pPa3BUTHCS U3 JAPYTUX
JKUBOTHBIX, YbH JCTEHBIIIN

lever’s fulerum. The law of buovancy states that
any object immersed in a fluid will experience an
upward force equal to the weight of the displaced
fluid. And the law of reflection asserts that the
angle between a beam of light and a mirror is
equal to the angle between the mirror and the
reflected beam. But Archimedes did not call them
laws, nor did he explain them with reference to
observation and measurement. Instead he treated
them as if they were purely mathematical
theorems, in an axiomatic system much like the
one Euclid created for geometry.

As the Ionian influence spread, there appeared
others who saw that the universe possesses an
internal order, one that could be understood
through observation and reason. Anaximander
(ca. 610 BC—ca. 546 BC), a friend and possibly a
student of Thales, argued that since human
infants are helpless at birth, if the first human had
somehow appeared on earth as an infant, it would
not have survived. In what may have been
humanity’s first inkling of evolution, people,
Anaximander reasoned, must therefore have
evolved from other animals whose young are



6osee BbiHOCIMBBEL. Ha Curmnmu Ommenokn (mpum. 490
1o PX - mpum. 430 no PX) Habmronan 3a UCIOIB30BAaHUEM
MHCTPYMEHTa, Ha3bIBarouierocst kierncuapa. HMuorma
UCIOJB3YEMBII B KAauecCTBE ueplaKa, OH IPEICTaBIISIET
coboii cdepy C OTKPBITBIM TOPJIBIIIIKOM M HEOOJBIIUMH
OTBEPCTUSAMU B JHE. byaydun norpyx€H B BOIYy, OH
HAIIOJHSETCS W, €CIM 3aTéM 3aKpbiTh TOPJIOBUHY,
KJICTICUIPY MOKHO TMOJHSATH O€3 BBITEKaHUS BOABI Yepes3
OTBEpCTHS HA JTHE. DMIIEJIOKII 3aMETHII, YTO €CIIU 3aKPbITh
TOpJIOBUHY TII€pea TMOIpyKEHUEeM, TO KIENcHapa He
3anonHsercs. OH apryMEeHTUPOBal 3TO TEM, YTO HEUTO
HEBUJMMOE JIOJDKHO OBITh NIPENATCTBYET NOCTYIUIEHUIO
BOJBI 4epe3 OoTBepcTUsi B cdepy - Takum o0pa3oM OH
OTKpPbUI MaTEPUIO, KOTOPYIO Mbl HAa3bIBAEM BO3/1YXOM.
[Tpubmmu3uTeasHO B TO ke Bpems Jlemokput (mpum. 460
1o PX - nmpum. 370 no PX), npoxxuBaromuii B MOHUICKOM
KOJJOHMM B ceBepHOM ['peunu, pasMmblluBsL, YTO
MPOUCXOIUT, KOTJa MPEeAMET JIOMAlOT WM pa3pe3aroT Ha
yacTu. OH yTBEp)KJajl, YTO BBl HE CMOXXETE MPOJI0JIKATh
3TOT mpouecc OeckoHeuHo. Bwmecto 3toro  oH
MOCTYJIUPOBAJI, YTO BCE CyIllee, BKIIOYAs BCEX IKUBBIX
CYIIECTB, COCTOUT U3 3JIEMEHTAPHBIX YACTHII, KOTOPbIE HE
MOTYT OBITH pa3pe3aHbl WM pazloMaHbl Ha yacTH. OH
Ha3BaJl d3TU IMpejAeibHblE YacTHIBl aTOMamH, OT
rPEUECcKoro IIPUJIAraTeabHOro, 03HAYakoLIETO
"HenenuMbIin". JIeMOKpHT mojarai, 9Tto gaxe

hardier. In Sicily, Empedocles (ca. 490 BC—ca. 430
BC) observed the use of an instrument called a
clepsydra. Sometimes used as a ladle, it consisted
of a sphere with an open neck and small holes in
its bottom. When immersed in water it would fill,
and if the open neck was then covered, the
clepsydra could be lifted out without the water in it
falling through the holes. Empedocles noticed that
if yvou cover the neck before you immerse it, a
clepsydra does not fill. He reasoned that
something invisible must be preventing the water
from entering the sphere through the holes—he
had discovered the material substance we call air.
Around the same time Democritus (ca 460
BC—ca. 370 BC), from an Ionian colony in
northern Greece, pondered what happened when
you break or cut an object into pieces. He argued
that you ought not to be able to continue the
process indefinitely. Instead he postulated that
everything, including all living beings, is made of
fundamental particles that cannot be cut or
broken into parts. He named these ultimate
particles atoms, from the Greek adjective meaning
“uncuttable.” Democritus believed that every



MaTepualbHblE  SIBIICHUS  SBISIIOTCA  PE3YJIbTaTOM
B3auMozeiicTBust atoMoB. C €ro TOUYKM 3peHMS,
NOJIyYMBUIEH  Ha3BaHUE AaTOMHM3M, BCE AaTOMbl B
IIPOCTPAHCTBE JIBUXKYTCA M, 10 TEX IOp, IOKa HAa HUX HE
OKa3bIBAE€TCSl BO3/CHCTBHUE, MPOAOIKAIOT CBOE JBUKECHUE
HeonpenenénHoe  BpeMmsa. CeroaHs 3Ta  rumoresa
Ha3bIBAETCS 3aKOHOM MHEPIIUH.

PeBontonimoHHass uaes O TOM, YTO MbI BCEro JIMILb
oObIuHble xuTenu BceeneHHOW, a He ocoOble CyllecTBa,
IpU3BaHHBIE  CIY)XUTb €€  IIEHTpOM,  BIIEpPBBIC
orcrauBaiach Apucrapxom (mpum. 310 mo PX - mpum.
230 no PX), omHUM M3 MOCHEIHUX MOHUHCKUX YUEHBIX.
Jlo HamMX JHEW IOIUIO TOJIBKO OJHO U3 €r0 BHIYUCIICHUH,
CJIOKHBI ~ T€OMETPUYECKMHA  aHaU3  TIIATEJIbHBIX
HaOJI0/IEHUH, KOTOPhIE OH MPOU3BOIWI, 3aMepsisi pazMep
36MHOM T€HHM Ha NOBEPXHOCTU JIyHBI BO BpeMs JIyHHOIO
3atMeHus. VI3 cBoMX HaOMIOJIEHUH OH clenall BBIBO, YTO
ConHile [OJDKHO HAMHOTO IPEBOCXOJUTH pa3MepaMu
3emiro. Bo3MokHO, BIOXHOBIEHHBIM HACEH O TOM, YTO
Manble  OOBEKThl  JOJDKHBI ~ 00pamarbcs  BOKPYT
TUTaHTCKUX, & HE HA00OpOT, OH CTaJ MEPBBIM YEIOBEKOM,
YTBEPKAAIOIIUM, YTO 3eMJIsl HE SBJISETCS LIEHTPOM Halleu
IJIaHETApHOW CHUCTEMbl, a HAlpOTHB, OHA W JIpyrue
MJIaHEThl BpamarwTcss 1o opoutam Bokpyr CoiHIa.
Manpiif mar oT NOHMMaHUsl TOrO, YTO 3€MJIs 3TO BCETrO
JUIIb O/IHA U3 IUTAHET JI0 UAeH O TOM, uTo Hamie CoHie
TaKXe He SBJSeTCS YeM-TO OCOOCHHBIM. ApHCTapx Aymal,
YTO JIEJI0

material phenomenon is a product of the collision
of atoms. In his view, dubbed atomism, all atoms
move around in space, and, unless disturbed,
move forward indefinitely. Today that idea is
called the law of inertia.

The revolutionary idea that we are but ordinary
inhabitants of the universe, not special beings
distinguished by existing at its center, was first
championed by Aristarchus (ca. 310 BC—ca. 230
BC), one of the last of the Ionian scientists. Only
one of his calculations survives, a complex
geometric analysis of careful observations he
made of the size of the earth’s shadow on the
moon during a lunar eclipse. He concluded from
his data that the sun must be much larger than the
earth. Perhaps inspired by the idea that tiny
objects ought to orbit mammoth ones and not the
other way around, he became the first person to
argue that the earth is not the center of our
planetary system, but rather that it and the other
planets orbit the much larger sun. It is a small step
from the realization that the earth is just another
planet to the idea that our sun is nothing special
either. Aristarchus suspected that this was the



00CTOUT UMEHHO TaK M T0JIara, 4TO 3BE3/bl, KOTOPHIC MBI
BHIMM Ha HOYHOM HeOe€, Ha caMOM JieJie He YTO MHOE KakK
nanékue ComHna.

Houniiiel  ObIM  OJHOHM W3 MHOIMX  IIKOJ
JIpeBHErpeueckord ¢Guimocopuu, Kaxaas H3 KOTOPBIX
uMena OTIMYaInue €€ M 3a4acTyl0 MPOTHUBOPEUUBHIC
Tpaauiuu. K coxxaneHuto, HOHUHCKUI B3TJIS]] HA IPUPOTY
- 9TO OHAa MOXET TOJYYUTh OOBSCHEHHE MOCPEICTBOM
0o0ImUX 3aKOHOB M CBEICHHUS K IPOCTOMY Habopy
NPUHIUMIIOB - OKAa3blBAJI MOIIHOE BIUSHHUE JHUIIb Ha
NPOTSDKCHUH ~ HECKOJIBKUX — cTojieTud. OmgHuM U3
OOBSCHEHMI DTOro, SBIACTCA TO, YTO B HOHUMCKHX
TEOPHSIX, YacTO Ka3ajJoCh, HET MecTa I TOHITHI
CcBOOOHOI BOJIM, IIEJIETIOJIATAHMS WA KOHIEIIIMU TOrO0,
4yTO O0OTM BMEIIMBAIOTCS B MpoUCXoasdiiee Ha 3emiie. ITo
OBLIO TIOPA3UTENIbHBIM YIYIIEHUEM, BEChbMa TPEBOKAIIUM
KaK JIPEBHETPEUYECKUX MBICIUTENIEH, TaK U MHOTUX JIFOJIEH
cerogas. ®dunocop Omuxyp (341 - 270 no PX), «k
pUMEpPY, BBICTyNal IPOTUB aTOMH3Ma OCHOBBIBASCH Ha
TOM, 4TO "JmydIie cieaoBath Mudam o O60rax, 4eM CTaTh
paboMm B cyapbe HarypduminocopoB". ApucToTenb TaKxKe
OTBEpraj KOHIICTIIMIO aTOMOB, TIOCKOJIBKY HE MOT
OPUHSITH TOT (aKT, YTO YEIOBEUECKHE CYIIECTBA COCTOST
u3 Oe3qyIIHBIX HEXHUBBIX 00BEKTOB. Monwmiickas umest o
TOM, YTO YEJIOBEK He SIBISIETCS IIEHTpOoM BceneHnHoil, Obiia
KJII0YEBOM BEXOM B HAIlleM MMOHMMAaHUH KOCMOCa, HO

case and believed that the stars we see in the night
sky are actually nothing more than distant suns.
The Ionians were but one of many schools of
ancient Greek philosophy, each with different and
often contradictory traditions. Unfortunately, the
Ionians’ view of nature—that it can be explained
through general laws and reduced to a simple set
of principles—exerted a powerful influence for
only a few centuries. One reason is that Ionian
theories often seemed to have no place for the
notion of free will or purpose, or the concept that
gods intervene in the workings of the world. These
were startling omissions as profoundly unsettling
to many Greek thinkers as they are to many
people today. The philosopher Epicurus (341
BC—270 BC), for example, opposed atomism on
the grounds that it is “better to follow the myths
about the gods than to become a ‘slave’ to the
destiny of natural philosophers.” Aristotle too
rejected the concept of atoms because he could
not accept that human beings were composed of
soulless, inanimate objects. The Ionian idea that
the universe is not human-centered was a
milestone in our understanding of the cosmos, but



CTOUT OTMETHUTH, 4YTO, OyAy4d BBHICKa3aHHOM, 3Ta uies He
CTajla pacHupoCTpaHEHHOW M  OOLIENPU3HAHHOH, 10
nosieneHus [anmuies, modtu JBaaLATBIO CTOJETUSMHU
HO3XKE.

Kakumu Obl NMpOHULIATENBHBIMU MOPOM HE ObBUIM HX
pPa3MBIILICHUS O TPUPOJE, OONBIIMHCTBO HICH IPEBHHUX
IPEKOB HE MOIVIM OBl COOTBETCTBOBATH TPEOOBAHUSM,
NPEABSBISIEMBIM K HAy4YHBIM TEOPUSM B HAIllE€ BpPEMS.
Hanpumep, mHOCKOJBKY TpeKd He H300penu HaydHBbIN
METOJl, pa3paboTka MX TEOpUd He IMpeanoaraia
MOJIYYEHUS SKCIIEPUMEHTAIIHOTO MOATBEPKACHU. Takum
o0pa3oMm, eciu OAMH YYEHBIH YTBEp)KIad, YTO aTOM
JBUKETCA MPSMOJMHEHHO 110 TeX IMOop, II0Ka He
CTOJIKHETCS ¢ IPYTUM aTOMOM, a APYrOW YYEHBIN 3asBIISLIL,
YTO aTOM JIBMDXKETCS MO MPSAMOW 10 TeX MOop, MOKa He
CTOJIKHETCS C LIMKJIONIOM, HE CYIIECTBOBAJIO O0OBEKTUBHOIO
croco0a pa3pemuTs MojJo0HOe mnpoTuBopeune. Takxe,
OTCYTCTBOBAJIM YETKHUE PaA3IUYUS MEXY YEIOBEUECKUMU
u ¢uznueckuMu 3akoHamu. B msatom Beke no PX, x
npuMepy, AHaKCUMaHIp THCal, YTO BCE BEIIU
MOSIBJISIFOTCSL W3 HEKOel TMepBHYHON CyOCTaHIIMU H
BO3BpallalTcs B HeE, 4ToObl "3aminatuth wWTpad U
MpEeTepIeTh HAaKa3aHUE 3a UX HEAOCTOMHOE MOBEeACHHE'.
Cornacao nonuniickomy ¢unocody I'epaxmuty (mpum. 535
1o PX - mpum. 475 go PX), Connue Benér cebs Tak, a He
WHa4ye, MOTOMY YTO, B MPOTUBHOM Cllydae, OHO CTaHET
O0OBEKTOM  TpEeCcieNOBaHUS CO  CTOPOHBI  OOTHHH
npaBocyaus. HeCKONMbKUMH CTOJIETUSMHE CITYCTsI, CTOUKH -
rpedeckast punocodckas mKona,

it was an idea that would be dropped and not
picked up again, or commonly accepted, until
Galileo, almost twenty centuries later.

As insightful as some of their speculations
about nature were, most of the ideas of the ancient
Greeks would not pass muster as valid science in
modern times. For one, because the Greeks had
not invented the scientific method, their theories
were not developed with the goal of experimental
verification. So if one scholar claimed an atom
moved in a straight line until it collided with a
second atom and another scholar claimed it
moved in a straight line until it bumped into a
cyclops, there was no objective way to settle the
argument. Also, there was no clear distinction
between human and physical laws. In the fifth
century BC, for instance, Anaximander wrote that
all things arise from a primary substance, and
return to it, lest they “pay fine and penalty for their
iniquity.” And according to the Ionian philosopher
Heraclitus (ca. 535 BC—ca. 475 BC), the sun
behaves as it does because otherwise the goddess
of justice will hunt it down. Several hundred years
later the Stoics, a school of Greek philosophers



BO3HUKIIIAsl OKOJIO TPEThero Beka a0 PX, BBenu paznuune
MEXIY COCTOSHHMSIMHU, CBOWCTBEHHBIMH 4YEJIOBEKY U
3akoHaMu Mpupoabl. OIHAKO OHM BKJIIOYIIM IpaBUIIa
YeJI0BEYECKOTO IIOBE/ICHNUS, CUMTABIINECS UMHU
YHHUBEpPCAIbHBIMU, TaKUMU KakK TMOKJIoHeHue bory u
MOYUTAHUE POJUTENEH, B KATETOPUIO0 3aKOHOB IPUPOJBL.
U HaobOpoT, OHHM YACTO OMNHUCHIBAIM (PU3IMUECKHE
IIPOLIECCH] B IOPUINYECKMX TEPMUHAX U MOJ]araiu, 4To Ha
9TH TMPOLIECCHl MOXET OBbITh OKa3aHO TakUM OOpa3oM
BO3JICUCTBUE, HECMOTPS Ha TO, YTO OOBEKTHI, OT KOTOPBIX
TpeOoBaJIoCh  "MOBHMHOBEHHE"  3aKOHAM,  SBJISUIUCH
HeoyleBIEHHBIMU. Eciii BaM mpeacTaBiisieTcsl CI0KHOU
3a/1a4ya 3aCTaBUTh JIIOJEH COOMI0AaTh MpaBuia JOPOKHOTO
JBWDKEHUS, TIpelCcTaBbTe ce0de mporecc YOexKaeHus,
HANPaBIICHHBI HAa acTepoM]l, C LEJIbI0 3aCTaBUTH €ro
JBUTATHCS 110 SJUTMITHYECKON opoOuTe.

OTa Tpaauius MpoJOJDKajda OKa3blBaTh BIMSHUE Ha
MBICJIUTENIEH, TIPEEMHUKOB TPEKOB, Ha TNPOTHKEHUH
MHOTHX CTOJIETUM. B TPUHAIATOM BEKE
paHHexpucTHaHckuil ¢punocop Poma AKBUHCKHM (TpUM.
1225 - 1274) npuHsia 3Ty TOYKY 3pSHUS M UCTIOIb30Bal €€
JUIsL  JloKa3aTelbCcTBa cyllecTBoBaHud bora, Hamucas,
"SIBisieTCS. HECOMHEHHBIM, YTO [HEOIYIIEBIEHHBIE Tena|
JIOCTUTAIOT CBOET0 KOHIA HE CIy4ailHO, HO HaMEpEHHO...
CymectByeT, TakuM 00pa3oM, pa3yMHOE CYIIECTBO, Ubeil
BoJIeH BCE B MPUPOJIe HAMpaBisieTcs K 3aBeplieHuto. Jlaxe
B KOHIIE UIECTHAALATOrO0 BEKa, BEJIMKUA HEMEIKUM
actponoM Kemep (1571-1630) monaran, aro

that arose around the third century BC, did make a
distinction between human statutes and natural
laws, but they included rules of human conduct
they considered universal—such as veneration of
God and obedience to parents—in the category of
natural laws. Conversely, they often described
physical processes in legal terms and believed
them to be in need of enforcement, even though
the objects required to “obey” the laws were
inanimate. If you think it is hard to get humans to
follow traffic laws, imagine convincing an asteroid
to move along an ellipse.

This tradition continued to influence the
thinkers who succeeded the Greeks for many
centuries thereafter. In the thirteenth century the
early Christian philosopher Thomas Aquinas (ca.
1225-1274) adopted this view and used it to argue
for the existence of God, writing, “It is clear that
[inanimate bodies] reach their end not by chance
but by intention.... There is therefore, an
intelligent personal being by whom everything in
nature is ordered to its end.” Even as late as the
sixteenth century, the great German astronomer
Johannes Kepler (1571—1630) believed that



IUTAHETHI 00J1aJal0T YYBCTBOM BOCHPHSITHSI M CO3HATEIHHO
CIICAYIOT 3aKOHaM JIBWXKCHHSA, 3QJI0)KEHHBIM B UX
paccyziok.

[TonsATHE O 3aKOHAX MPUPOIBI KaK O TOM, YEMY CIIEIYET
HEYKOCHUTEJIBHO MOBUHOBATHCS OTpa)kaeT TOT (akT, YTo
BHUMAaHHE APEBHUX OBUIO COCPEIOTOUEHO HA TOM, IIOYEMY
npupoa BenET ceds TeM UM UHBIM 00pa3oM, a He Ha TOM
KaK OHa 3TO JeJaeT. ApUCTOTENb OB OJHUM M3 BEAYIIUX
CTOPOHHHUKOB TaKOTO MOAXOJAa, OTBepras HICK HayKH,
OCHOBBIBAIOMICHCSl MPEUMYIIECTBEHHO Ha HAOJIOJCHHSIX.
B mo6oMm cnydae, mpou3BOAUTH TOYHBIE HU3MEPEHUS H
MaTeMaTHYECKUE BBIYMCIICHUSI B IPEBHUE BpEMEHa OBLIO
3aTpyaHUTENbHO. JlecsaTUuHas cucTemMa, KOTOPYIO MBI
HaXOJUM  CTOJNIb  YyHOOHOM Uit  apupMETHYECKHX
BBIYMCIICHUM, Jgatupyerca npumepHo 700 rogom Haieu
9pbI, KOTJa WHIYCHl JOCTUTJIM TIEPBBIX YCIIEXOB B
MpEeBpaIleHNH JaHHOTO METOJ/la B MOIIHBIA WHCTPYMEHT.
O6o3nauenue 3HakoB '"mmoc" u  "mMuHyc" He OBUIO
U3BECTHO 10  MATHAagUmaToro Beka. Takke 10
IIECTHA/IIIATOTO BeKa He ObLTH M3BECTHHI 3HAK PaBEHCTBA
M 4achl, KOTOpPbIE TMO3BOJMIN OBl U3MEPUTH BpeMs C
TOYHOCTBIO /IO CEKYHJIBI.

Apucrorenb, 0IHaKO, HEe BUAET NMPoOJIeM B U3MEPEHHUH
Y BBIYMCIICHUH KaK TIPEMSATCTBUS IS Pa3BUTHUS (U3HKH,
KOTOpast Morja MIPOU3BECTH KOJIMYECTBEHHBIC
npeackazanus. Ckopee OH He BUJIET MOTPEOHOCTH JeNaTh
ux. Bmecto aToro Apucrorens NocTpou1 CBOIO (PU3UKY

planets had sense perception and consciously
followed laws of movement that were grasped by
their “mind.”

The notion that the laws of nature had to be
intentionally obeyed reflects the ancients’ focus on
why nature behaves as it does, rather than on how
it behaves. Aristotle was one of the leading
proponents of that approach, rejecting the idea of
science based principally on observation. Precise
measurement and mathematical calculation were
in any case difficult in ancient times. The base ten
number notation we find so convenient for
arithmetic dates back only to around AD 700,
when the Hindus took the first great strides
toward making that subject a powerful tool. The
abbreviations for plus and minus didn’t come until
the fifteenth century. And neither the equal sign
nor clocks that could measure times to the second
existed before the sixteenth century.

Aristotle, however, did not see problems in
measurement and calculation as impediments to
developing a physics that could produce
quantitative predictions. Rather, he saw no need
to make them. Instead, Aristotle built his physics



Ha MPUHITUTIAX, KOTOpBIC MIPUBJICKATN ero
UHTEIIEKTyanbHo. OH  ucKkimo4an  (akTbl, KOTOpHIC
HaxoJWJ  HENPUBIEKATCIbHBIMA H  COCPEIO0Ta4YMBaI
YCHJIMSL Ha BBISBICHUU MPUYHH, IO KOTOPHIM MPOUCXOISAT
COOBITHS, yHemsis OTHOCHTEIBHO Majo BHUMAaHUS TOMY,
YTO HMEHHO TPOUCXOJUT. APHCTOTENb TOJBKO TOTJA
KOPPEKTHUPOBAJI CBOM 3aKJIFOUCHHMS, KOTJIa UX BOIHIOIICE
pacxoXkJIeHUEe C pe3yibTaTaMy HAOIIOJIEHUN YyXKe HElb3s
ObuT0 WrHOpHpoBaTh. OJHAKO BHOCHMBIC HCIIPABICHUS
3a4acTyIo SIBJISLTUCH CIIEI[UAJIbHEIM o0Opazom
Mo00paHHBIMHM OO0BSICHEHUSIMH, KOTOPbIE ObUIH HE OoJiee
YeM TMOMBITKAMH CKPBITh CYTh TPOTUBOpeUHs. Takum
00pa3oM, HE3aBUCUMO OT CTEMEHHU PACXOXKICHHS €ro
TEOPHUH C JCUCTBUTEIBHBIM TMOJIOKEHUEM JI€J, OH BCEraa
MOT BHECTH B He€ INpaBKU B 00BEME, JOCTATOYHOM IS
ycTpaHeHus npoTtuBopeunii. K npumepy, ero teopus
JIBUKEHHS OTpefensia, YTO TsDKENble Tela MaJalT C
IIOCTOSITHHOM CKOPOCTBIO, IPONOPIUOHAIBHON HX BECY.
Jlns 06bscHeHus TOro GakTa, 4To CKOPOCTh 0OBEKTOB MPH
MaJieHu OYEBHIHBIM 00pa3oM Bo3pacrajia, OH H300pen
HOBBIA TPUHIUIM, JNEKIAPUPYIOUINI, YTO MOBEICHHUE Tel
npuoOperaeT "MUKYOUMI" XapakTep M, CIEI0BAaTEIbHO,
OHHM YCKOPSIOTCSA, NPUOMIKAsACh K MECTy OOpeTeHUs
nokosi. CeromgHst  MOAOOHBIA  TPUHIIUN  BBITJISJIUAT
OPUMEHUMBIM TSI ONMHUCAaHUS  CKOpee  OTAENbHOU
KaTeTOPHH JIFOJICH, HEXETH HEOYIICBIEHHBIX OOBEKTOB.
XoTs Teopuu ApPHUCTOTENS 3a4acTyl0 HUMENH HHU3KYIO
MIPOTHO3HYIO IIEHHOCTh, €r0 MOJIX0 K HayKe mpeoliamaan
B 3aI1aITHOM MBIIIJICHUH TIOYTH JIBE

upon principles that appealed to him intellec-
tually. He suppressed facts he found unappealing
and focused his efforts on the reasons things
happen, with relatively little energy invested in
detailing exactly what was happening. Aristotle did
adjust his conclusions when their blatant
disagreement with observation could not be
ignored. But those adjustments were often ad hoc
explanations that did little more than paste over
the contradiction. In that manner, no matter how
severely his theory deviated from actuality, he
could always alter it just enough to seem to
remove the conflict. For example, his theory of
motion specified that heavy bodies fall with a
constant speed that is proportional to their weight.
To explain the fact that objects clearly pick up
speed as they fall, he invented a new principle—
that bodies proceed more jubilantly, and hence
accelerate, when they come closer to their natural
place of rest, a principle that today seems a more
apt description of certain people than of inanimate
objects. Though Aristotle’s theories often had little
predictive wvalue, his approach to science
dominated Western thought for nearly two



TBICSTYH JIET.

XPpUCTHAHCKUE  TIOCIENOBATEIM  JPEBHUX  IPEKOB
OTBEPIIM TMIOTE3y O TOM, 4TO BceneHHas ynpasisercs
OeclpuUCTpacTHBIMU 3aKOHaMHM HpHUpOAbl. Takke OHH
OTBEPriv MACKD O TOM, YTO JIOJM HE 3aHUMAKOT BO
Bcenennoli npuBwiIernpoBaHHyr mnosuuuio. M xors B
CpeIHME BEKa HE CYIIECTBOBAIO €IWHOW CBSI3HOU
dunocopckoil  CHUCTEMBbI, OOBEIAUHSIONUM MOMEHTOM
ObUTO TpencTaBiieHHe O BceneHHONW Kak O WIrpoBOM
wionaake bora, a wu3y4yarb PpEIUTHI0 NPEACTABIIIIOCH
3HAUUTENBHO OoJiee LEHHBIM, HEXEIH MPUPOJIHBIC
apineHus. B camom pene, B 1277 romy mnapuKCKUM
enuckornoM TemnbepoM, IEHCTBYIOUIUM [0 YKa3aHUIO
[Maner Moanna XXI, Opur omybnukoBaH cnucok 219
OIIMO0K W epecei, KOTOpbIE CUMTAIIUCH
HenpuemieMbIMU. B uucie epeceil, kak BcTynaromiasi B
IIPOTUBOPEYHE C Heel Bcemoryiectsa bora, Haxonunach
U TUNOTE3a O MpPHUPOJAE, NOMUMHSIOUIEHCS 3aKOHaM.
HNurepecno, uro Ilama HMoaHH man >kepTBOM 3aKOHA
IpaBUTALlMM HECKOJIBKMMHU MecCSALlaMu CIIyCTs, KOrja
KpBIIIa €ro JIBOpIa 0OpYyLINIACh Ha HETO.

thousand years.

The Greeks’ Christian successors rejected the
idea that the universe is governed by indifferent
natural law. They also rejected the idea that
humans do not hold a privileged place within that
universe. And though the medieval period had no
single coherent philosophical system, a common
theme was that the universe is God’s dollhouse,
and religion a far worthier study than the
phenomena of nature. Indeed, in 1277 Bishop
Tempier of Paris, acting on the instructions of
Pope John XXI, published a list of 219 errors or
heresies that were to be condemned. Among the
heresies was the idea that nature follows laws,
because this conflicts with God’s omnipotence.
Interestingly, Pope John was killed by the effects
of the law of gravity a few months later when the
roof of his palace fell in on him.
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“Ecnu 51 ¥ TO3HAT OJTHY Belllb B MOEM JUIUTEIHHOM TOCIIOJICTBE, 3TO
TO, YTO )Kap BO3pacTaer.”

CoBpeMeHHAsT ~ KOHIICTIIAS ~ 3aKOHOB  MPHUPOIBI
MOSsIBUJIACh B ceMHajIaToM Beke. Keruep, moxoske, ObuLT
MEPBBIM YYEHBIM, B 3HAYCHHH, KOTOPOE BKJIQJIBIBACT B
9TOT TEPMHUH COBpEMEHHash HayKa, XOTS, Kak ObLIOo
CKa3aHO paHee, OH COXPaHsJI aHUMHUCTHYECKHH B3TJISIT HA
npupony usuyeckux oowekToB. ['ammieii (1564 - 1642)
HE WCIIO0Ih30Bal TEPMHH "3aK0H" B

“If I've learned one thing in my long reign,
it's that heat rises.”

The modern concept of laws of nature emerged
in the seventeenth century. Kepler seems to have
been the first scientist to understand the term in
the sense of modern science, though as we've said,
he retained an animistic view of physical objects.
Galileo (1564—1642) did not use the term “law” in



CBOMX HanOoJiee N3BECTHBIX HAYUHBIX TPyAax (XOTsS Takoiu
TEPMUH TOSBJISIICS B HEKOTOPBIX MEPEBOIAX 3THX padoT).
Hcnonb3oBan OH 3TOT TEPMUH WM HeT, HO [anmuiein
OTKPBUI OrPOMHOE MHOKECTBO 3aKOHOB U OTCTaMBall
3HaYEHUE MPUHIUIIOB, COTJIACHO KOTOPHIM HaOJI0JeHHE
JEKUT B OCHOBE HAyKH M TMpEJHA3HAUYCHHUEM HayKU
ABIIIETCS.  HCCJEIOBAaHUE  KOJMYECTBEHHBIX  CBsI3eH,
CYIIECTBYIOIIUX  MEXIy (PU3NYCCKUMH  SBICHHUSIMH.
OpnnHako, 4eIOBEKOM, KOTOPBIN HEIBYCMBICICHHO U YETKO
chOpMyJIMpOBAJl TIOHSITHE 3aKOHOB TMPHUPOABI B HX
COBpeMeHHOM ToHMMaHuHu, Obu1 Pene Jlekaptr (1596 -
1650).

JlekapT monarajg, 4YTo Bce (U3MUYECKUE SIBICHUS
JOJDKHBI OBITh OOBSCHEHBI B TEPMHHAX CTOJKHOBCHHS
JOBUKYIIMXCS MacC, YIPaBISIEMbIX TpeMs 3aKOHAMHU -
MpEANIECTBCHHUKAMU ~ 3HAMEHUTHIX  HBIOTOHOBCKHX
3aKOHOB JIBMKEHMs. OH yTBEp)KIad, 4TO 3TH 3aKOHBI
MIPUPOIBI BHIMIOTHSIOTCS B JTIOOOM MECTE U B JII000€ BpeMs
U HEJIBYCMBICIEHHO YKa3blBaj, YTO MOJYMHEHUE 3TUM
3aKOHAaM HE TOJAPa3yMEBAeT Pa3yMHOCTH JBHKYIIHXCS
Ten. JlekapT TakKe MOHSAJ 3HAYUMOCTh TOTO, YTO MBI
CerofHss Ha3biBaeM '"HCXOAHBIMU ycnoBusMHU". OHH
ONUCHIBAJIM COCTOSIHUE CHCTEMbI B Ha4yaJle MPOU3BOJIBHOIO
MIPOMEKYTKA BPEMEHH, B TEYCHUE KOTOPOTO HAOIIOAATENb
CTpOUT TpOTHO3bI. [lpum 3amaHHOM HaOOpe MCXOMHBIX
YCJIOBUU

his most scientific works (though it appears in
some translations of those works). Whether or not
he used the word, however, Galileo did uncover a
great many laws, and advocated the important
principles that observation is the basis of science
and that the purpose of science is to research the
quantitative relationships that exist between
physical phenomena. But the person who first
explicitly and rigorously formulated the concept of
laws of nature as we understand them was René
Descartes (1596—1650).

Descartes believed that all physical phenomena
must be explained in terms of the collisions of
moving masses, which were governed by three
laws—precursors of Newton’s famous laws of
motion. He asserted that those laws of nature
were valid in all places and at all times, and stated
explicitly that obedience to these laws does not
imply that these moving bodies have minds.
Descartes also understood the importance of what
we today call “initial conditions.” Those describe
the state of a system at the beginning of whatever
interval of time over which one seeks to make
predictions. With a given set of initial conditions,



3aKOHBI TPHUPOABI OMpPENEeNSIIOT, Kak cucreMa Oyzaer
pa3BUBaThCSI C TEYCHHEM BpEMEHH, HO 0e3 3aJaHHbIX
UCXOJIHBIX YCJIOBUH XapakTep pa3BUTUA OIPEACIIUTH
HEBO3MOXXHO. Ecnmu, k mpumepy, B MOMEHT Hayaia
oTCcuéra BpEMEHU roiyos, HaXOIALIUNCS
HETOCPEACTBEHHO HaJ HaOIroaTeNeM, pOHsSET BHU3 CBOM
"rocTuHeN", TPAGKTOpHS JTAHHOTO MAJaloIEero OObEeKTa
onpeneneHa 3akoHamu Herotona. Ho pesynbrar moxer
BECbMa pa3inyaThCs, B 3aBUCUMOCTU OT TOT0, CUJIUT JIU B
MOMEHT HayaJjla 0TCU€Ta BpEMEHH T'0IyO0b HEMOBUXKHO HA
TeneOHHOM MPOBOJE WU K€ HAXOAUTCS B COCTOSIHHH
noyi€éra co ckopocTthio 20 Muiab B yac. JlJis mpuMeHEHUs
3aKOHOB TMPUPOIBl HaOMOAaTenb JODKEH 3HaThb O
COCTOSIHUY CHCTEMBl B MOMEHT Hadajia HaOJIOJCHUIA TN,
10 MEHbIIEH Mepe, 0 €€ COCTOSHUM B ONpEaeSIEHHBIN
MoMeHT BpemeHu. (HaOmromarenb  MoOXeT — Takxke
UCIIONIb30BaTh 3aKOHBI MPUPOJBI, YTOOBI OMpPENETHUThH
COCTOSTHUE CHCTEMBI B IIPOILLIIOM).

Ilo Mepe BO3pOXKAECHHUA BEPHl B CYLIECTBOBAHME
3aKOHOB TPUPOJBI MMEIM MECTO U HOBBIE IOMNBITKU
NPUMHUPHUTH 3TH 3aKOHBI C KOHIIETIHEN CYIIECTBOBAHUS
bora. Cornacuo /[lekapty, bor Moxer Mo KenaHuio
U3MEHATh HUCTUHHOCTh WM  JIOKHOCTh  3THUYECKHX
CYXKICHHUM MM MaTeMaTHYEeCKUX TEOpPEM, HO HE MpUpoa.
OH nonaran, yro bor nmpenonpenenua 3aKOHbI IPUPO/IBI,
HO HE HMMeJl BO3MOXKHOCTH BbIOOpa B 3TOM IpOILIECCE;
HAIPOTHUB, OH BHIOpaJl UX MOTOMY, YTO 3aKOHBI, BIHSHHE
KOTOPBIX MBI HUCIBITBIBAEM, SBISUTUCH €IWHCTBEHHO
BO3MOXHBIM ~ BBIOOPOM. ODTO  MOIJIO  IOKAa3aThCs
MoCsTaTeNIbcTBOM Ha BiacTh bora, Ho [lekapT o6omén

the laws of nature determine how a system will
evolve over time, but without a specific set of
initial conditions, the evolution cannot be
specified. If, for example, at time zero a pigeon
directly overhead lets something go, the path of
that falling object is determined by Newton’s laws.
But the outcome will be very different depending
on whether, at time zero, the pigeon is sitting still
on a telephone wire or flying by at 20 miles per
hour. In order to apply the laws of physics one
must know how a system started off, or at least its
state at some definite time. (One can also use the
laws to follow a system backward in time.)

With this renewed belief in the existence of
laws of nature came new attempts to reconcile
those laws with the concept of God. According to
Descartes, God could at will alter the truth or
falsity of ethical propositions or mathematical
theorems, but not nature. He believed that God
ordained the laws of nature but had no choice in
the laws; rather, he picked them because the laws
we experience are the only possible laws. This
would seem to impinge on God’s authority, but
Descartes got around that by arguing that the laws



3TOT MOMEHT, YTBEpXkZasi, 4YTO HEU3MEHHOCTb JTHX
3aKOHOB SIBJISIETCSl OTpaXE€HUEM mpucynmx camomy bory
kadecTB. Ecim Obl 3TO OBLIO MpaBIoOd, MOXKHO OBLIO OBI
MPEAIIONO0XKHTh, 4TO Yy bora BcE€ emé ecTb BO3MOXKHOCTD
CO3/1aHMSI MHOTOOOPAa3HbIX Pa3IMYHbIX MUPOB, KaXIbIH U3
KOTOpBIX XapaKTepu3oBajicsd Obl pa3jIMYHbIM HaObOpOM
HUCXOAHBIX ycioBui. OgHako JlekapT 3TO Takxke OTpHIlal.
He3aBucumo OT cmocoOOB OpraHu3aldd  MaTepudl B
MOMEHT NOsIBJI€HUs1 BceneHHOM, yTBep»aan OH, CIYyCTA
BpeMsi, B MPOIIECCE PA3BUTHUS MOSBUTCS MHUP WUICHTUYHBINA
HameMmy. bonee Toro, Jlexapr mnpenmonaran, 4uro bor,
€MHOXIbI COTBOPHUB MHp, OCTaBWJI €ro B IOJHOM
OJINHOYECTBE.

[Tono6noe MOJIO’KEHUE (c HEKOTOPBIMU
UCKIIIOYeHHsIMH) Obuto mpuHsATo Mcaakom HproToHOM
(1643-1727). HptoTOH OBLT Ye€IOBEKOM, JOOMBIIMMCS CO
CBOMMH TpeMs 3aKOHAaMH JBUKEHUS U 3aKOHOM 3€MHOIO
NPUTSKEHUST  TPUHATUS ~ COBPEMEHHOM  KOHIIEMIIUU
¢usznueckoro  3akoHa. Ero  3akoHBl  MO3BOJISUIH
IPOU3BOIUTH pacuérel opOuT 3emnu, JIyHbl U IUIaHET, a
TakKe OOBICHSIM Takue SIBICHUSA, KaK MPHUIUBHL
Hebonpmioe konnyecTBO ypaBHEHUH, pa3paOOTaHHBIX UM,
a TaK)Ke pa3BUTasi HAMU HA U3 OCHOBE MaTeMaTUYecKas
0a3a, BCE ell€ M3Yy4aloTCsl CEroJHS U MPHUMEHSIOTCS Kak
apXUTEKTOPOM TMpU MPOEKTUPOBAHUU 3JaHUS, TaK U
WHXKEHEPOM,  IPOCKTHUPYIOIIMM  aBTOMOOWIIb WM
GU3MKOM, TPOU3BOIAIIMM  PACYETHI, NI TOYHOTO
HalleJTMBaHUSI PAKEThI, TPETHa3HAYAIOIIEHCS K MOCaKe Ha

are unalterable because they are a reflection of
God’s own intrinsic nature. If that were true, one
might think that God still had the choice of
creating a variety of different worlds, each
corresponding to a different set of initial
conditions, but Descartes also denied this. No
matter what the arrangement of matter at the
beginning of the universe, he argued, over time a
world identical to ours would evolve. Moreover,
Descartes felt, once God set the world going, he
left it entirely alone.

A similar position (with some exceptions) was
adopted by Isaac Newton (1643-1727). Newton
was the person who won widespread acceptance of
the modern concept of a scientific law with his
three laws of motion and his law of gravity, which
accounted for the orbits of the earth, moon, and
planets, and explained phenomena such as the
tides. The handful of equations he created, and
the elaborate mathematical framework we have
since derived from them, are still taught today,
and employed whenever an architect designs a
building, an engineer designs a car, or a physicist
calculates how to aim a rocket meant to land on



Mapc. Kak nucan noat Anekcannp [loym:

"Boln amom Mup u38e4yHou movMoU OKYmMaH,
Ja 6yoem ceéem! — u som ssuncs Hoiomon".

CerojHst OOMBIIMHCTBO YUEHBIX CKa3alld ObI, YTO 3aKOH
OPUPOBl ATO NPABUIIO, ONMPAIOLIEECS Ha Ppe3yJbTaThl
peryisipHbIX HAOJIOJEHUH W  TO3BOJSIONIEE JIeaTh
IPOTHO3HI, pacnpocTpaHsoumecs 3a npezesnsl
HaOmonaemoil curyanuu. K npumepy, Mbl Moriau Obl
3aMeTHUTb, 4TO COJIHIIE BOCXOIUT Ha BOCTOKE KaKA0€ YTPO
Hallel JKU3HU M IIOCTYJHMPOBATh 3aKOH, IJIACAIINN
"ConHue Bcerga BocXoauT Ha Bocroke". JlaHHoe
YTBEPXKICHHE SBIISIETCS o0o0mIeHuem,
pacIpOCTPAHSIOMIMMCS 3a MpeAesbl HallluX HaOMI0AeHUN
3a BocxomsmuM ConHieM, U (HOpMHUPYET MPOBEPSEMBIi
nporHo3 Ha Oynymee. C Jpyroil CTOpOHBI, 3asiBIECHUE
"KomneioTepsl B 3TOM oduce - y€pHble" He SBIsSETCS
3aKOHOM IIPHUPOABI, TOCKOJIBKY OTHOCHTCA TOJIBKO K
KOMIBIOTEpAM,  HaXOASIIMMCA  BHYTPH  O(QHUCHOTO
MIOMEILEHUSI U HE MO3BOJSAET JeNaThb INPOTHO3bI BPOAE
"Ecin B MOl ouc KynsT HOBBIM KOMIIBIOTEp, OH OYyIeT
4EPHBIM'".

Hame coBpemeHHOE NOHMMaHME TEpPMHHA '"3aKOH
npupozbl" sABIseTCs TpeaMeToM crnopa (uiocodoB ¢
MOMEHTAa MOSBJIEHUSI U 3TO O0Jiee TOHKUIN BOIPOC, HEXKEIN
MOKET TIOKa3aTbCsl Ha mnepBblii B3rmsan. K mpumepy,
¢unocod [Jxon V.

Mars. As the poet Alexander Pope said:

Nature and Nature’s laws lay hid in night:
God said, Let Newton be! and all was light.

Today most scientists would say a law of nature
is a rule that is based upon an observed regularity
and provides predictions that go beyond the
immediate situations upon which it is based. For
example, we might notice that the sun has risen in
the east every morning of our lives, and postulate
the law “The sun always rises in the east.” Thisis a
generalization that goes beyond our limited
observations of the rising sun and makes testable
predictions about the future. On the other hand, a
statement such as “The computers in this office
are black” is not a law of nature because it relates
only to the computers within the office and makes
no predictions such as “If my office purchases a
new computer, it will be black.”

Our modern understanding of the term “law of
nature” is an issue philosophers argue at length,
and it is a more subtle question than one may at
first think. For example, the philosopher John W.



Kapponn cpaBHuBan yreepxkiaenue "Bcee 30510Tbie maps -
MEeHee MUJIM B auameTpe" ¢ yTBepxkaeHueMm "Bce miapsl,
cocTosmue U3 ypaHa-235 - MeHee MWIH B auamerpe'.
Hamm HabnrofeHust OKpy>Karoero Mupa moTBEpKAaloT,
YTO HE CYIIECTBYET 30JI0THIX IIAPOB B MIIIO HIMPUHOM U,
C JIOCTaTOYHOU CTETEHBI0 YBEPEHHOCTH, MOKHO CUHMTATh,
YTO UX HHUKOrAa U He Oyzaer. Tem He MeHee, y HAC HET
OpUYMH TOJarath, 4YTO TOSBJICHHWE TaKOro IIapa
HEBO3MOXKHO M, CJIEIOBAaTENIbHO, JaHHOE YTBEPXKICHUE HE
MOXET cyHuTarbcsi 3akoHOM. C  Jpyroil  CTOPOHHI,
yTBepxaAeHue, uto "Bee mapsl, cocTtosume u3 ypana-235 -
MEHEe MWIH B AHaMeTpe" MOTjio Obl CUMUTATHCS 3aKOHOM
OPUPOJBI, MOTOMY, YTO COTJIACHO HAIIUM 3HAHUSAM O
saepHON (PHU3MKE, eclM IIap, COCTOSIMIMKA M3 ypaHa-235,
MPEBBICUT AUAMETP LIECTh AIOIMOB, OH YHUUTOXKHT ce0s B
npoIiecce sIIEPHOTO B3pbIBa. TakuMm 00pa3oM, MbI MOXKEM
OBITH YBEpEHBI, YTO MOAOOHBIC MIApbl HE CYLIECTBYIOT.
(IIpennpuHUMAaTh TOTBITKH CO3[aHHUS TAaKOTO mIapa - He
camas jdydmas unaes!) OTo pa3iauyue Ba)KHO, MOCKOJIBKY
MOKAa3bIBA€T, YTO HE BCE OOOOIIEHMS, KOTOpPHIE MBI
dopmupyeM B mporecce HaOMIOAEHUH, MOTYT CUUTAThCS
3aKOHAMH TIPUPOJIBI M YTO OOJBIIMHCTBO 3aKOHOB
OPUPOJBl SBISIIOTCS KOMIIOHEHTaMu Ooniee  0OBEMHOM,
B3aMMOCBSI3aHHOM CHCTEMBI 3aKOHOB.

B coBpeMeHHOW Hayke 3aKOHBI TNPHUPOJABI OOBIYHO
3aMMCBHIBAIOTCSl MTOCPEICTBOM MAaTeMaTHYeCKHX (HOopMyd.
OnHM MOTYT OBITH TOUHBIMU

Carroll compared the statement “All gold spheres
are less than a mile in diameter” to a statement
like “All uranium-235 spheres are less than a mile
in diameter.” Our observations of the world tell us
that there are no gold spheres larger than a mile
wide, and we can be pretty confident there never
will be. Still, we have no reason to believe that
there couldn’t be one, and so the statement is not
considered a law. On the other hand, the
statement “All uranium-235 spheres are less than
a mile in diameter” could be thought of as a law of
nature because, according to what we know about
nuclear physics, once a sphere of uranium-235
grew to a diameter greater than about six inches, it
would demolish itself in a nuclear explosion.
Hence we can be sure that such spheres do not
exist. (Nor would it be a good idea to try to make
one!) This distinction matters because it illustrates
that not all generalizations we observe can be
thought of as laws of nature, and that most laws of
nature exist as part of a larger, interconnected
system of laws.

In modern science laws of nature are usually
phrased in mathematics. They can be either exact



WM TPUOJM3UTENBHBIMA, HO BcCeraa 0e3 HCKIIOUYEHUS
JMOJKHBI ~ 00ECleYynBaTh  BO3MOXHOCTh  MPOBEPKH
MOCPEJICTBOM HAOJIOJICHUs, €CJIM U He B JIIOOOM ciydae
TO, KaK MHUHHUMYM, I 3aJlaHHOrO Habopa yYCIOBHUH.
Hampumep, HaM Temepb M3BECTHO, UYTO 3aKOHBI HbproTOHA
JOJKHBI OBITh WM3MEHEHBI B CiIy4ae, €CIH OOBEKTHI
JBIKYTCSI CO CKOPOCTSIMHU, OJIM3KMMH K CKOPOCTH cBeTa. 1
BCE€ K€, MbI CUHTaeM 3akOHbI HpIOTOHA 3aKOHAMH,
MIOCKOJIbKY OHH 00€CIeYMBAaIOT KaKk MHHHMYM OYCHb
BBICOKOE TPHOIMKEHHUE pPE3yIbTaTOB IMOJYYaeMbIX IPH
U3MEpPEHUSIX, JJs YCJIOBHM TOBCEIHEBHOTO MHpa, B
KOTOPOM CKOPOCTH, C KOTOPBIMHU MBI UMEEM JIETIO, TOPa3io
HIKE CKOPOCTEH CBETaA.

Ecimu npupona ynpasisieTcst 3aKkOHaMH, BO3HUKACT TPU
BOIIpOCA:

1. Yto sBnsieTCS MEPBOMCTOYHUKOM ITUX 3aKOHOB?

2. CymecTBYIOT JH WCKIIOYCHHS W3 3aKOHOB,
Hampumep, yyaeca?

3. ENMHCTBEHHBIN JTM KOMIUIEKT 3aKOHOB CYIIECTBYET?

OTH  BaXHBIE  BOMPOCH  PA3IMYHBIM  00pa3oM
paccMaTpuBaIUCh YYE€HBIMH, (priocodaMu U TEOJIOTaMH.
OTtBeT, TpaAMIIMOHHO [aBaeMbli Ha MEpBBIA BOIpPOC -
orBeT Kemnepa, [Nanunes, [lekapra u HelotoHa - rmacun,
YTO 3aKOHBI 3TO JEJIO PYK O0KBHUX.

or approximate, but they must have been observed
to hold without exception—if not universally, then
at least under a stipulated set of conditions. For
example, we now know that Newton’s laws must
be modified if objects are moving at velocities near
the speed of light. Yet we still consider Newton’s
laws to be laws because they hold, at least to a very
good approximation, for the conditions of the
everyday world, in which the speeds we encounter
are far below the speed of light.

If nature is governed by laws, three questions
arise:

1. What is the origin of the laws?

2. Are there any exceptions to the laws, i.e.,
miracles?

3. Is there only one set of possible laws?

These important questions have been
addressed in wvarying ways by scientists,
philosophers, and theologians. The answer
traditionally given to the first question—the
answer of Kepler, Galileo, Descartes, and
Newton—was that the laws were the work of God.



OnHaKo 3TO €CTh HE YTO MHOE, Kak ompeaeneHue bora,
SIBJISIFOILIETOCS BOIUIOIIEHUEM 3aKOHOB mpupoisl. U eciun
TOJIBKO HCCJIENOBaTeNlb He Hazxenser bora wuHbIMU
aTpubyTramMu, NpUCYLIIUMH, K mTpumepy, bory Berxoro
3aBera, Hcnonb3oBaHMe bora B KkadecTBe OTBETa Ha
NEPBBIA BONPOC €CTh HE YTO HMHOE, KaK 3aMeHa OJHOU
3arajgku npyroi. Takum oOpazom, BKiIrOYMB bora B oTBET
Ha IIEPBBIM BONPOC, Mbl YCIBIIIUM OTYETIUBBIA XPYCT B
OCHOBAaHMU BTOPOIO BOIIPOCA: CYILECTBYIOT JHM 4yAeca,
UCKJIIOUEHMSI U3 3aKOHOB?

Pa3nmnumnsa Bo MHEHMSX KacaTelbHO OTBETa Ha BTOPOU
BOIIPOC MMEIOT YETKO BBIICIICHHBIM XapakTep. [lmaTtoH u
Apucrorenb, Haubosiee BIHATENbHBIE JPEBHEIPEUECKUE
aBTOpBI, MPHUAECPKUBAIUCH MHEHHS, YTO W3 3aKOHOB HE
cyliecTByeT uckiroueHuil. Ecnu xe npunate 6ubieickyro
TOYKY 3pEHHs, TO bor He TOJIbKO co3/1ajd 3aKOHbI, HO
TaKXKe MOXeT ObIThb MOJBUTHYT IOCPEACTBOM MOJHUTB Ha
CO3JaHME  HCKIIOYEHWM, TakuX KaK  HCLEJICHHE
HEHU3JIeYMMO OOJIBHOTO, IOCPOYHOE MpPEKpallleHHe 3acCyXH
WIM BOCCTAaHOBJICHHMSI KPOKETa KakK OJIMMIIMHCKOTO BHA
cnopra. B INpOTHBOIOJIOKHOCTH JI€KAPTOBCKOM TOUKE
3peHusi, TOYTH  BCE  XPHUCTHMAHCKHE  MBICIUTENN
npuaepKUBaIUCh MHEHHs, uTo bor nomxeH oOnanaTh
BO3MO)XHOCTBIO BPEMEHHO IPHOCTAaHABIMBAaTh JEHCTBHE
3aKOHOB JUIsl coBepuieHus uynec. Jlaxe HbproToH B
HEKOTOPOM pojie Bepui B uyaeca. OH gymai, 4To OpOUTHI
IUIAaHET MOIJIM  OBITh ~ HECTaOWJIbHBI ~IIOTOMY, 4TO
IPaBUTALMOHHOE PUTSHKEHHE OHOMN TIaHEThI

However, this is no more than a definition of God
as the embodiment of the laws of nature. Unless
one endows God with some other attributes, such
as being the God of the Old Testament, employing
God as a response to the first question merely
substitutes one mystery for another. So if we
involve God in the answer to the first question, the
real crunch comes with the second question: Are
there miracles, exceptions to the laws?

Opinions about the answer to the second
question have been sharply divided. Plato and
Aristotle, the most influential ancient Greek
writers, held that there can be no exceptions to the
laws. But if one takes the biblical view, then God
not only created the laws but can be appealed to by
prayer to make exceptions—to heal the terminally
ill, to bring premature ends to droughts, or to
reinstate croquet as an Olympic sport. In
opposition to Descartes’s view, almost all Christian
thinkers maintained that God must be able to
suspend the laws to accomplish miracles. Even
Newton believed in miracles of a sort. He thought
that the orbit of the planets would be unstable
because the gravitational attraction of one planet



K Jpyroil MOIJIO BBI3BIBATH HapyIIEHHE OpOUT, KOTOpOE,
YBEJIUYHMBASICh CO BPEMEHEM, MOTJIO MMETh PE3yJbTaTOM
Kak nagenue miaHeT Ha CoJHIle, Tak U BhIOpachIBaHHE UX
3a MOpeaesibl COJIHEYHOW CHUCTEMBI. bor, monaran oH,
JOJI’KEH MOCTOSIHHO PEryJIHpOBaTh OPOUTHI WU, IPYTHUMHU
clloBaMH, "MOABOJWUTH HEOCCHBIC Yackl, HE ITO3BOJISI UM
octanaBiuBarbes". Opnako IIbep-Cumon, Mapkus ne
Jlannac (1749-1827), Oonee wu3BectHwlid kak Jlamiac,
yTBEpXkAaJl, 4TO YKa3aHHbIE BO3MYILEHUS MOTJIH OBITh
MEePUOIUYECKUMH, YTO SIBJISLIOCH, cKopee,
CBUJICTEJILCTBOM  MOBTOPSAIOIIMXCS  LHUKIJIOB, HEXEIH
KymynaTuBHOTO 3(ddexra. ConHevyHas CUCTEMa, TaKUM
o0pa3oM, MoOrjia cama BOCCTaHaBIUBATh CBOE COCTOSIHHE
¥, 9YTOOBI OOBSICHUTH, KAaK OHAa CMOTJa JIOXKHTH [0
CETOAHSIIIHEr0 JHS, B OOYXECTBEHHOM BMEIIATEIbCTBE
HEO0OXOAMMOCTH HE OBLIO.

C wumenem Jlammaca OOBIYHO CBS3BIBAIOT TEPBYIO
YETKYI0 (POPMYIHPOBKY HAYYHOTO JETEPMHUHU3MA: JIS
JTAHHOTO COCTOsIHUSI BceneHHOW B KOHKPETHBI MOMEHT
BPEMEHH, CYIIECTBYET KOMIUIEKT 3aKOHOB, MO3BOJISIOIINMA
MOJTHOCTBIO OMPENENUTh Kak Oyayiee, Tak U MpoIioe eé
COCTOSIHHSI. DJTO MOTJIO OBl HCKIIOYUTH BO3MOXXHOCTH
yyJiec WK JUIuiIo bora BO3MOXHOCTH UTPaTh aKTUBHYIO
ponb. Hayunslii gerepMuHu3M, CcGHOPMYJINPOBAHHBIN
JlanmacoM, 3TO OTBET COBPEMEHHBIX YUEHBIX Ha BTOPOM
BOIPOC. DTO, IO CYTH, OCHOBA BCE COBPEMEHHOW HAYKU U
NPUHIUI, BaXXHOCTh KOTOPOTO HEW3MEHHAa Ha BCEM
NPOTSHKEHUM JaHHOW KHUTH. HaydHbIl 3aKOH HE SBIIETCA
TaKOBBIM, €CJIU IEUCTBYET TOJIBKO

for another would cause disturbances to the orbits
that would grow with time and would result in the
planets either falling into the sun or being flung
out of the solar system. God must keep on
resetting the orbits, he believed, or “wind the
celestial watch, lest it run down.” However,
Pierre-Simon, marquis de Laplace (1749-1827),
commonly known as Laplace, argued that the
perturbations would be periodic, that is, marked
by repeated cycles, rather than being cumulative.
The solar system would thus reset itself, and there
would be no need for divine intervention to
explain why it had survived to the present day.

It is Laplace who is usually credited with first
clearly postulating scientific determinism: Given
the state of the universe at one time, a complete
set of laws fully determines both the future and
the past. This would exclude the possibility of
miracles or an active role for God. The scientific
determinism that Laplace formulated is the
modern scientist’s answer to question two. It is, in
fact, the basis of all modern science, and a
principle that is important throughout this book. A
scientific law is not a scientific law if it holds only



TOra, KOIJla HEKas CBEPXBECTECTBEHHAs CYIIHOCTH
IPUHUMAET pEUIEHHE HE BMEIIMBAThCA. [ OBOpAT, UTO
noHsB 310, Hanoseon copocun Jlamaca o Tom, Kakoe
MecTO 3aHuMaeT bor B 3roi kaptuHe wmwupa. Jlamiac
otBeual: "Cap, g1 He Hy)KJaJica B 3TOM runorese.

Ilockonpky mromu  KUBYT BO  BceneHHol u
B3aMMOJICHCTBYIOT ¢ ApyruMu e€ OoOBbeKTaMu, Hay4dHBIN
JETEPMHUHU3M JIOJKEH OBITh TaKKe MPUMEHUM U K JTFO/ISIM.
MHorue, oAHaKo, coOrjlamasch C TEM, YTO Hay4HbIU
JETePMHUHU3M  OINpeneNsieT  TeYeHHe  (U3NIECKHUX
MPOLECCOB, XOTeNu OBl clenaTh HCKIIYEHUE IS
MOBE/ICHNUS JII0/IEH, OCHOBBIBAsICh HA BEPE B HAJIMUKE y HAC
cBoOoaHON Bonu. Jlekapt, K mpumepy, s 3allUThl UICH
CBOOOJTHOW BOJHM YTBEpXKIAJI, YTO pa3yM deJIOBEKa He
NPUHAUICKUAT (PU3UUECKOMY MHUPY M HE CJIEAyeT ero
3akoHaM. [lo ero MHeHMIO, JTUYHOCTH COCTOUT U3 JABYX
COCTaBHBIX YacTeH, Tena u aymu. Tena - 3T0 He YTO UHOE,
KaK 3aypsJIHble MAIlIMHbI, HO AYIIX HE MOMaJaloT B chepy
JIEMCTBUSI HAYYHBIX 3aKOHOB. JleKapT MposBIIsI HHTEPEC K
AQHATOMUU M (PU3MOJOTUU U CUUTAT HEOOJBLIOW OpraH B
LEHTPE MO3ra, HOCAUIMN Ha3BaHWE IIMIIKOBUIHOTO TEINA,
MECTOM, B KOTOPOM pacroJjiaraercs ayma. JT1a xejes3a, 1o
€ro MHEHHIO, OBbLT MeCTOM, I7ie (POPMUPYIOTCS BCE HALIH
MBICJIM, UICTOUYHHK HaIlleii cBOOOIHOI BOIH. Y JIIOJIEH €CTh
cBoOoJ1a BoIH?

when some supernatural being decides not to
intervene. Recognizing this, Napoleon is said to
have asked Laplace how God fit into this picture.
Laplace replied: “Sire, I have not needed that
hypothesis.”

Since people live in the universe and interact
with the other objects in it, scientific determinism
must hold for people as well. Many, however,
while accepting that scientific determinism
governs physical processes, would make an
exception for human behavior because they
believe we have free will. Descartes, for instance,
in order to preserve the idea of free will, asserted
that the human mind was something different
from the physical world and did not follow its laws.
In his view a person consists of two ingredients, a
body and a soul. Bodies are nothing but ordinary
machines, but the soul is not subject to scientific
law. Descartes was very interested in anatomy and
physiology and regarded a tiny organ in the center
of the brain, called the pineal gland, as the
principal seat of the soul. That gland, he believed,
was the place where all our thoughts are formed,
the wellspring of our free will.



“S1 nymaro, Bbl 10/KHBI OBITH O0OJICE SBHBIM 37ICCh Ha Iiare 1Ba.”

Ecin Mbl oOnamaeM cBOOOIHOW BoJeli, TO B KaKOM
MECTE€ SBOJIOIMOHHOTO JIpeBa MPOU30NUIO €€ pa3BUTHE?
O6nagaroT 1M CBOOOAHOH  BOJIeH  CHHE-3CIIEHBIC
BOJIOPOCIM WU  OakTepu, WIH WX TOBEJICHUE
ABTOMaTUYHO M TOJIHOCTBIO B paMKax 3aKOHOB HayKu?
TonbKO M MHOTOKJIETOYHBIE OpPraHu3Mbl 00J1aal0T
cBOOOAHOM  BOMNEH, WIM OHa TpUCyla  JHUIIb
MJIEKOIMUTAOMUM? MBI MOJKEM CUHTATh, YTO IIMMIIAH3E
SIBJISIET TIPUMEP CBOOOIHOMN BOJIM, PEIIMB MOTPHI3TH OaHaH,
WM KOIIKa, KOrJa OHa IMOTPOIIMT Ball JWBaH, HO 4YTO
Hacuét Kkpyraoro uepBs Caenorhabditis elegans -
MIPOCTOTO CYIIECTBA, COCTOSIIET0 Bcero u3 959 kierok?
OH, BEepOsSITHO, HUKOTJ]a HE TyMAeET,

"I think you should be more explicit here in step two.”

Do people have free will? If we have free will,
where in the evolutionary tree did it develop? Do
blue-green algae or bacteria have free will, or is
their behavior automatic and within the realm of
scientific law? Is it only multicelled organisms that
have free will, or only mammals? We might think
that a chimpanzee is exercising free will when it
chooses to chomp on a banana, or a cat when it
rips up your sofa, but what about the roundworm
called Caenorhabditis elegans—a simple creature
made of only 959 cells? It probably never thinks,



"A 9TO OBLIA YEPTOBCKM BKYCHas OakTepwsi, YTO
J0CTalach MHE Ha MPOUUIBIA 00en", XOTs y HEero ecTb
MUIIEBbIC PEIOYTEHUS U OH, OCHOBBIBASICh HE HEIaBHEM
OmbITe, MO0 BBHIOEPET HEMPUBICKATEIbHYIO MHUIILY, JHOO
OTIPABUTCS Ha MOUCKHU YETro MOJIyYlIe.

Oro mm mnpumep cBOOOMHOW Bomu? XOTS MBI U
YyBCTBYEM, YTO MOXEM BbIOMpaTh 4YTO [eNaTh, Halle
NOHMMAaHUE MOJICKYJISIPHBIX OCHOB IIOKa3bIBA€T, YTO
OMOJIOTHYECKHE  TPOIEeCChl  MOAYUHSIOTCA — 3aKOHAM
Gu3MKM W XUMUM M, TaKkuM O00pa3oM, TaKxke
npenonpeeNieHbl, Kak W opOuThl IUlaHeT. HemaBHue
UCCIICIOBAaHUSI B HEBPOJIOTUM TOJTBEPKAAIOT TOUYKY
3peHusi, COTJaCHO KOTOpOHl HMEHHO Haml (QU3NYECKHid
MO3T, CJenys W3BECTHBIM 3aKOHAM HAyKH, ONpeAesseT
HallM  JIGWCTBUA, a BOBCE HE Kakas-TO CuJa,
CYIIECTBYIOIIAs 3a MpeeiaMu 3THX 3aKkoHoB. K mpumepy,
UCCIIEIOBaHMsI MAIMEHTOB, NEPEHOCAIIMX ONepaluu Ha
MO3T€ B COCTOSHHUM OOApPCTBOBAaHUS, IOKa3allk, YTO
BO3JCUCTBUE  DIIEKTPUYECKMMM  HMMIIyJbCaMM  Ha
OTJIeNbHbIE 00JaCTH MO3ra CIOCOOHO BBI3BATh y MalleHTa
JKellaHHe LIeBEeJIbHYTh KUCTbIO, PYKOM, HOTOW, a Takxke
NOUIeBENTUTh  T'yOamMu  wim  3aroBoputh.  CIO0XHO
IpEeJCTaBUTh, KaKk CBOOOJHAs BOJII MOMKET JEHCTBOBATH,
€CIIM Hallle TMOBEJIEHHE OmNpeneseHo (pU3MIECKUMH
3aKOHAMH, TaK YTO, MO-BUJAMMOMY, MBI SIBJISIEeMCS HUYEM
WHBIM, KaK OMOJIOTHYECKUMH MalllMHaMH, a CBO0OOa BOJU
- 9TO BCETO JIMIIb HIUTIO3US.

“That was damn tasty bacteria I got to dine on back
there,” yet it too has a definite preference in food
and will either settle for an unattractive meal or go
foraging for something better, depending on
recent experience. Is that the exercise of free will?

Though we feel that we can choose what we do,
our understanding of the molecular basis of
biology shows that biological processes are
governed by the laws of physics and chemistry and
therefore are as determined as the orbits of the
planets. Recent experiments in neuroscience
support the view that it is our physical brain,
following the known laws of science, that
determines our actions, and not some agency that
exists outside those laws. For example, a study of
patients undergoing awake brain surgery found
that by electrically stimulating the appropriate
regions of the brain, one could create in the
patient the desire to move the hand, arm, or foot,
or to move the lips and talk. It is hard to imagine
how free will can operate if our behavior is
determined by physical law, so it seems that we are
no more than biological machines and that free
will is just an illusion.



[Ipu3naBasi, UYTO  4YeNOBEYECKOE  I[IOBEJACHHE B
JIEUCTBUTEIILHOCTH OTPEENSIeTCs] 3aKOHAMH IPUPO/IBI,
TaKkKe clenyer 3aKJIIOYUTb, 4TO pe3yIbTar,
OTIpEe/ICNIIEMbI HACTOJBKO CIIOKHBIM CIIOCOOOM H TIpH
HAJIMYUU CTOJIb MHOTUX NMEPEMEHHBIX BEJIUYHH, SIBISETCS
MpaKTUYECKH HempeackazyeMbpiM. JlJis ero mnony4yeHus
noTpeboBajgoch Obl 3HAHME O H3HAYAIBHOM COCTOSIHUH
KOKJIOM M3 THICSY TPWLUIMOHOB TPUIUIMOHOB MOJICKYII
YeJIOBEYECKOr0 Telda U pelleHrue OOJbIIOro uucia
ypaBHEHUN. DTO 3aHATIO Obl HECKOJIBKO MHJIJIMAPJOB JIET,
YTO MHOT'OBATO JUIsI CIIy4aeB KOTJa, Harpumep, Tpedyercs

BCETO JINIIb YBCPHYTBHCA oT 3aMaxHYBIICTOCA
IMPOTHBHHUKA.
HOCKOHBKY HCIIPAKTUYIHO IMPHUMCHATH OCHOBHBIC

dusznyeckne 3aKOHBI MM TpeACKa3aHus IOBEICHUs
JOAEM, Mbl NOPUHUMAEM  TO, YTO  Ha3bIBACTCA
neiictByromieit Teopueil. B ¢dusmke mon aeiicTByroreit
TEOpUEH TOHMMAETCAd CTPYKTypa, CO3JaHHasi C UEJbI0
MOJICTTUPOBAHUS OINpPEACIEHHBIX HAaOMI0IaeMbIX SBICHHM,
0e3 eTabHOTO OMMCAHMS BCEX OCHOBHBIX COCTaBIISFOIINX
npoueccos. Hampumep, Mbl HE B COCTOSHMM TOYHO
pEUINTh YPABHEHHMS, ONPEAENSIONINE T'PaBUTALMOHHBIE
B3aMMOJICUCTBUS KAXKJIOr0 aTOMa B YEJIOBEYECKOM TEJE C
KaKJIbIM aToMoM 3emiu. Ho, i mpakTHYecKuX Ienei,
TPaBUTALMOHHAs CUJIa BOSHUKAIOIIASL MEXKY YEJIIOBEKOM U
MMOBEPXHOCTHIO 3€MJIH, MOXKET OBITh ONMCaHa

While conceding that human behavior is indeed
determined by the laws of nature, it also seems
reasonable to conclude that the outcome is
determined in such a complicated way and with so
many variables as to make it impossible in practice
to predict. For that one would need a knowledge of
the initial state of each of the thousand trillion
trillion molecules in the human body and to solve
something like that number of equations. That
would take a few billion years, which would be a
bit late to duck when the person opposite aimed a
blow.

Because it is so impractical to use the
underlying physical laws to predict human
behavior, we adopt what is called an effective
theory. In physics, an effective theory is a
framework created to model certain observed
phenomena without describing in detail all of the
underlying processes. For example, we cannot
solve exactly the equations governing the
gravitational interactions of every atom in a
person’s body with every atom in the earth. But for
all practical purposes the gravitational force
between a person and the earth can be described



B BH/JIE BCET'O HECKOJBKUX YMCEIN, TAKHX, Kak 00Ias mMacca
Tena uenoBeka. I[lomoOHbIM ke oO0pa3oM, MBI HE B
COCTOSSHUM  PELIUTh  YPaBHEHUS,  ONPEAECISAIOIINE
MOBEJICHUE CJIOXKHBIX aTOMOB M MOJEKYJI, HO MBI
pa3zpaboTaiu  JEHCTBYIOIIYIO TEOPUI0, HA3bIBAEMYIO
XUMUEH, KOTOpast obecrnieunBaer JIOCTaTOYHOE
00BsICHEHHE TOBEJCHUS aTOMOB M MOJEKYJT BO BpeMs
XUMHUYECKHX peakuuii, 0e3 HeoOX0AUMOCTH yuETa Kaxa0i
JIeTalld B3aUMOJICUCTBUN. B ciyuae e ¢ JI10JIbMH, pa3 yx
MBI HE MOYKEM PEIINTh YPABHEHMUsI, ONPEACIIAIONINE HAIlle
MOBEJICHUE, Mbl NPUMEHSEM JIEUCTBYIOIIYIO TEOPUIO O
HAJIMYUH Y JIF0JIel cBOOOIHOM Bosu. Haykoii, n3ydaromniei
HaIly BOJIIO U OOYCJOBIIEHHOE €I0 TOBEJEHUE, SIBISETCS
TICUXOJIOTHS. DKOHOMHUKA TaKKE SBIISICTCS JICUCTBYIOIIEH
Teopuel, OCHOBAaHHOW Ha MOHITHM CBOOOJHON BOJIU H
JNOMYIIEHWH, YTO  JIIOJW  OICHUBAIOT  Pa3JIMYHBIC
BO3MOXXHBIE ~ BapWaHThl  JCWCTBU W  BBIOMpAIOT
Hanydmui. JlelicTByromas Teopus SIBIIAETCS YMEPEHHO
YCHEIIHOW B YaCTH MPEJCKa3aHUs MOBEICHHUS, TOCKOJIBKY,
KaKk BCEM HaM HU3BECTHO, PEIICHMS 3a4acTyIO SIBISIOTCS
HEpalMOHAIBHBIMA WJIM OCHOBAHHBIMA Ha HEIMOJIHOM
aHaJn3€ TMOCJEICTBUM TOrO0 WM HMHOrOo BhIOOpa. Bor
MO3TOMY-TO B MUPE U [IAPUT TaKOi OecropsIoK.

Tpetunii Bompoc paccMaTpUBAET, SIBISIOTCSA JIM 3aKOHBI,
ONpEAEIAIONINE TOBEACHHE BeeeHHo

in terms of just a few numbers, such as the
person’s total mass. Similarly, we cannot solve the
equations governing the behavior of complex
atoms and molecules, but we have developed an
effective theory called chemistry that provides an
adequate explanation of how atoms and molecules
behave in chemical reactions without accounting
for every detail of the interactions. In the case of
people, since we cannot solve the equations that
determine our behavior, we use the effective
theory that people have free will. The study of our
will, and of the behavior that arises from it, is the
science of psychology. Economics is also an
effective theory, based on the notion of free will
plus the assumption that people evaluate their
possible alternative courses of action and choose
the best. That effective theory is only moderately
successful in predicting behavior because, as we
all know, decisions are often not rational or are
based on a defective analysis of the consequences
of the choice. That is why the world is in such a
mess.

The third question addresses the issue of
whether the laws that determine both the universe



M 4YeJloBEKa €IMHCTBEHHbIMHU B CBOEM poae? Eciu Ha
MIEPBBIA BOIPOC Bbl OTBETWJIM, YTO bOr cO31aJl 3aKOHHBI,
TOTJ1a 3TOT 3BYYHUT CIICTYIOITUM 00pa3oM: Obliia JIK Y HETO
cBoboma BeiOOpa? Apucrorens u [lnaron, kak u Jlekapt, a
Mo3/IHee DUHIITEWH CYUTAIU, YTO MPUHITUIIBI, JIEXKaIIUe B
OCHOBE TIPUPOJIBI, CYIIECTBYIOT 32 MpeaeaMH KaKuX-ITH00
"TpeOoBaHMI", TOCKOJBKY SIBISIOTCS €IMHCTBEHHBIMH
3aKOHAMH, (DOPMHUPYIOIIUMHU PaIlOHATBHBIE 0OBICHEHUS.
Crnenyst yOSKICHHIO B TOM, YTO CBOEMY MPOUCXOKICHUIO
3aKOHBI TPHUPOABI OOS3aHBI JIOTUKE, APHUCTOTEIb H €ro
MOCIIEAOBATENIN I10JIarajiy, YTO TAaKOBBIC 3aKOHBI JOJDKHBI
"BBLIBOAUTRLCS" O€3 OIVIJKM Ha TO, KaK Ha caMOM [Ielle
Be€T cebs mpupoja. DTo, a TaKKe pa3MBIIUICHHUS Ha
TeMy, TI0O4eMy OOBEKTHI CJIEAYIOT 3aKOHaM, BMECTO
KOHKPETH3allUU TOT0, YEM 3aKOHBI SIBJISIIUCH, IIPUBEJIO €TI0
K CO3JaHMIO 1O OOJbIICH YacTH 3aKOHOB, BHIPAKAEMBIX B
KauecTBEHHOU opme. 3aKOHOB, KOTOpbIE 3a4acTyl0 ObLIN
HEBEPHBI U HE TIPUHECIIA 0CO0O0H TOJIb3bI, HECMOTPS Ha TO,
YTO JOMUHUPOBAJIM B HAYyYHON MBICIM MHOTHE BEKA.
MHoro mo3xe, M0Au, Takue Kak | amuiieit, ocMeInINCh
OpOCHUTH BBI30B aBTOPUTETY APHUCTOTENS U HAOIIOJAIN 32
TeM, KaKk Ha CcaMOM JeJie MPOUCXOJAT MPUPOIHBIE
SBJICHHS, BMECTO NPUHATUSA Ha BEPY TOrO, UYTO, COTJIACHO
YyUCTOM  BOABI  "cooOpaxeHHsM",  JOJDKHO  OBLIO
MPOUCXOAUTD.

Kopan »TOil KHUTM JeXaT B KOHIENUHH HAayYHOTO
JIETEpPMUHU3MA, KOTOPBIA MOJApPa3yMEBAET, YTO OTBET Ha
BTOPOM BOIIPOC HE TMPEANoJaracT HaIWYUs UyJeC WIH
WCKIIFOUEHUM M3 3aKOHOB MpUPOJbl. MBI mocTapaemcs,
OJTHAKO,

and human behavior are unique. If your answer to
the first question is that God created the laws,
then this question asks, did God have any latitude
in choosing them? Both Aristotle and Plato
believed, like Descartes and later Einstein, that the
principles of nature exist out of “necessity,” that is,
because they are the only rules that make logical
sense. Due to his belief in the origin of the laws of
nature in logic, Aristotle and his followers felt that
one could “derive” those laws without paying a lot
of attention to how nature actually behaved. That,
and the focus on why objects follow rules rather
than on the specifics of what the rules are, led him
to mainly qualitative laws that were often wrong
and in any case did not prove very useful, even if
they did dominate scientific thought for many
centuries. It was only much later that people such
as Galileo dared to challenge the authority of
Aristotle and observe what nature actually did,
rather than what pure “reason” said it ought to do.
This book is rooted in the concept of scientific
determinism, which implies that the answer to
question two is that there are no miracles, or
exceptions to the laws of nature. We will, however,



JnaTh Ooyiee TIIyOOKHME OTBETHI Ha TIEPBBIM M TPETHUH
BOIIPOCHI, TEMbl KOTOPBIX: KAaK BO3HUKAIOT 3aKOHBI U
ABJISIFOTCA JIM 3TH 3aKOHbl E€JUHCTBEHHO BO3MOXXHBIM
BeIOOpOoM. Ho mpexnae Bcero, B cleAyrOIIel riaBe, MbI
nocTapaeMcst U3J10XKHUTh, YTO K€, COOCTBEHHO, OMMCHIBAIOT
3aKOHBI IPUPOIbI. BOMBIIMHCTBO yUEHBIX CKa3alu Obl, 4TO
OHM SIBIIIFOTCSI MaTE€MaTUYECKUM OTPa)KEHUEM BHEIIHEU
peaJIbHOCTH, CYLIECTBYIOLIEH HE3aBHCUMO oT
Habmoatens. Ho kak TOJIbKO Mbl HAUMHAEM PAa3MBILUISTh
OPUBBIYHBIM  crlocoboMm, Habmomass u  GopMHpYS
KOHLICTILIMK O HAllleM OKPYXEHUH, TO TYT K€ yIUpaeMcs B
BOIIPOC: €CTh JM Yy HAac OCHOBaHMsS IOJlaraTth, 4YTO
00BEKTHUBHAS PEAIbHOCTD CYIIECTBYET?

return to address in depth questions one and
three, the issues of how the laws arose and
whether they are the only possible laws. But first,
in the next chapter, we will address the issue of
what it is that the laws of nature describe. Most
scientists would say they are the mathematical
reflection of an external reality that exists
independent of the observer who sees it. But as we
ponder the manner in which we observe and form
concepts about our surroundings, we bump into
the question, do we really have reason to believe
that an objective reality exists?
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YTO ECTb PEAJIBHOCTDB? WHAT IS REALITY?



HECKOHI)KO JIET HA3AJl ropoackoil coBeT

Momnnpl, Wrtanus, 3amnpertun Aep)kaTh 30J10ThIX PbIOOK B
KPYIJIBIX aKBapHyMax sl 30JI0TBIX pbIOOK. WMHMImMarop
3aKOHa OOBSCHMJI CBOIO IO3ULHUI0 TEM, YTO JEpiKaTh
pBIOOK B KpYIJIOM aKBapuyMe JKECTOKO, TaK Kak
peaIbHOCTh 3a €ro IpeaenamMu OyAeT HpeicTaBaTh s
HUX B HUCKaKEHHOM Buie. Ho kak Ham 3HaTh, Kak
BBITJIIANT HEUCKaKeHHass peanbHOCcTh? He Moxer
0Ka3aThCsl, YTO Mbl CAMM BHYTPU OOJIBIIOrO akBapuyma u
Halle BHUACHHUE MCKaKEHO T'MTAHTCKUMHU JIMH3aMu?
Kaptuna peanbHOCTH PBIOKM OTJIMYAaeTcs OT HalIEH, HO
MOYKEM JIM Mbl OBITh YBEPEHBI, UTO OHA MeHee peabHa?

3putenbHble 00pa3bl 30JI0TOM PHIOKM OTIMYAIOTCS OT
HalllUX, HO OHa Bc€ ke Morjga Obl (HopMyTupoBaTh
Hay4yHbIE€ 3aKOHBI JABM)KEHUSI OOBEKTOB, HAOJII0IaeMBIX U3
cBoero axkeapuyma. Hampumep, u3-3a UCKaKEHHH,
CBOOOJHO JBMKYLIUIICS O0OBEKT, ABMKYIIMICS 1O MPSIMON
JIMHUH, 32 KOTOPBIM HAOI0JaeM Mbl, Ul 30JI0TOH pHIOKH
OyZeT Ka3aThCsl JABWKYILIMMCA MO0 KpuBoi. Tem He MmeHee,
30JI0Tble PBIOKM MOTYT BBIBECTH OTHOCUTEIBHO HX
UCKQ)KCHHOW CHCTEMBI OTCYETA, CBOM, HCTHUHHBIE IS
JTrOOBIX SBJICHUI Hay4HBIE 3aKOHBI, YTO

FEW YEARS AGO the city council of
Monza, Italy, barred pet owners from keeping
goldfish in curved goldfish bowls. The measure’s
sponsor explained the measure in part by saying
that it is cruel to keep a fish in a bowl with curved
sides because, gazing out, the fish would have a
distorted view of reality. But how do we know we
have the true, undistorted picture of reality? Might
not we ourselves also be inside some big goldfish
bowl and have our vision distorted by an
enormous lens? The goldfish’s picture of reality is
different from ours, but can we be sure it is less
real?

The goldfish view is not the same as our own,
but goldfish could still formulate scientific laws
governing the motion of the objects they observe
outside their bowl. For example, due to the
distortion, a freely moving object that we would
observe to move in a straight line would be
observed by the goldfish to move along a curved
path. Nevertheless, the goldfish could formulate
scientific laws from their distorted frame of
reference that would always hold true and that



nano Obl UM BO3MOKHOCTH NMPOTHO3UPOBAHUS JBHKECHUS
00BEKTOB 3a TmpexaenamMu 4damu. Ee 3akoHbl OyayT
CIIOKHEe, YeM Hallh, HO TO, YTO MPOCTO JUIsl OJHOTO,
MOXET OBITh CIIOKHO Jpyromy. Ecmm Obl  pbiOka
chopMmynupoBaia TaKyl TEOPHIO, TO MbI OBLIH OBl
00s13aHbI IOMYCTUTh PEAIbHOCTh €€ KapTUHBI MUPA.

3HAMEHUTBII MPUMEP PAa3HOTO BUIEHUS PEATbHOCTH -
MOJIeJIb OMHCAHUSl JIBMXKCHHS aCTPOHOMHMYECKUX Tel,
npeioxkennas Iltonemeem okono 150 r H.3. [Itonmemeit
onmyOJMKOBaJd CBOIO pPabOTy B TPHUHAAIMATUKHUKHOM
TpakTaTe, Ooyiee W3BECTHBIM TIOJ] CBOUM apaOCKUM
Ha3BaHueM Auibmarect. AJbMarecT Ha4yMHAETCS C
00BSICHEHUS! IPUYUH TOJaraTh, 4To 3eMJjs I1apoodpasHa,
HEMOJIBM)KHA, HAaXOOuTCA B LEeHTpe BceneHno wu
HUYTOXXHO Majla B CPaBHEHHH C PAaCCTOSIHMEM J0 Hebec.
HecmoTpsi Ha reiamoneHTpUUYECKyr0 Mojenb ApucTapxa,
3TH yOexaeHus MOIIEPKUBATHCh caMbIMU
00pa3oBaHHBIMH TpEKaMH, KaK MHUHHUMYM, CO BpeMEH
ApucTOTENs, KOTOPBI BEPUI B MUCTHUYECKHE MPHUUHBI
HaxoXJeHus 3emin B I1eHTpe Bcenennoil. B mMopenn
[Ironemes 3emiia ocTaBanach HENMOJABM)XKHOW B LIEHTpE, a
MJIAHEThl U 3BE3NIBI JABUTAIUCH BOKPYT HEE MO CIIOKHBIM
opOUTaM, BKITFOUAIOIITIX

would enable them to make predictions about the
future motion of objects outside the bowl. Their
laws would be more complicated than the laws in
our frame, but simplicity is a matter of taste. If a
goldfish formulated such a theory, we would have
to admit the goldfish’s view as a valid picture of
reality.

A famous example of different pictures of
reality is the model introduced around AD 150 by
Ptolemy (ca. 85—ca. 165) to describe the motion of
the celestial bodies. Ptolemy published his work in
a thirteen-book treatise usually known under its
Arabic title, Almagest. The Almagest begins by
explaining reasons for thinking that the earth is
spherical, motionless, positioned at the center of
the universe, and negligibly small in comparison
to the distance of the heavens. Despite
Aristarchus’s heliocentric model, these beliefs had
been held by most educated Greeks at least since
the time of Aristotle, who believed for mystical
reasons that the earth should be at the center of
the universe. In Ptolemy’s model the earth stood
still at the center and the planets and the stars
moved around it in complicated orbits involving



SMUIUKIIBI, TOJJOOHO IBHKEHHIO KOJieca o KOJecy. epicvcles, like wheels on wheels.

Bcenennas IITtonemes. Ha B3rmsan IItomemest, Ml The Ptolemaic Universe In Pfolemy's view, we
KUK B LEHTpe BeenenHoid. lived at the center of the universe,

Mopenb Ka3ajiach €CTECTBEHHOM, IMOTOMY UYTO MBI HE This model seemed natural because we don’t
YYBCTBYEM JIBM)KEHHE 3€MJIM MOJ HOraMu (UCKIOYast

feel the earth under our feet moving (except in
cIydan BpoA€ 3CMIICTPSACCHHUA WM  INCPCIIOJTHCHHUA A
smommsmw). Tossee earthquakes or moments of passion). Later



eBporeiickoe y4yeHue ObUIO OCHOBAaHO Ha TIPEYEeCcKUX
IPEJICTaBICHUAX 0 MHUDE, KOTOpBIE yKe
pactipoctpanuiiuch. Tak, uaen Apuctorens u Iltonemes
cTamy 0a3ucoM Ui MHOTHX EBpPONEUCKHUX MBICIHTEICH.
Monenun  Bcenennoit  Iltomemess Obuta  mpuHATA
Karonmuueckoil 1epkoBpl0O U cTama  OQUIHMAIBHON
JOKTPUHOI Ha MPOTSHKEHUU YeThIpHAAIATH cTosieTui. Tak
Ob10 10 1543 roma, moxka KomepHUK He Ipenioxuil
albTEpPHATHBHYIO MoOAenb B cBoedt kHure "De
revolutionibus orbium coelestium" ("O0 o6pamenun
HeOecHbIX cdep), onmyOIMKOBAaHHOW JHIIL B TOJI €ro
CcMepTH (3TO MPHU TOM, 4TO paboTaa OH HaJ CBOEH Teopueit
HECKOJIBKO JIECSITKOB JIET).

Konepnuk, kak 1 Apucrapx IpUMEpHO 32 CEMHAALAThH
BEKOB JI0 Hero, omucain mup, rae ConHile HaxoIuTcs B
COCTOSIHUM TIOKOSI, @ TUTAaHETHl 0OpamaroTcsi BOKPYT HETo
10 KPYroBbIM opOuTam. XOTb Hjes U He Oblja HOBa, ee
BO3POXKJICHHE BCTPETWJIO CTPACTHBIA oOTnop. Moaeinb
Konepnuka IIPOTUBOpEYMIIA bubnun, KOoTopas
IpeJCTaBslach  yTBEpXKJAAIoLled,  YTO  IUIAHETHI
oOpamiarorcs BOKpYr 3emiu, Jaxe eciu bubmus storo
HUKOI'/Ia IpsSIMO He 3asBisuia. B cymHocTH, B cBO€ BpeMms
bubnus Obla HamucaHa JIOJbMH, KOTOpBIE CUUTAIU
3emito uiockoil. Monens KonepHuka npusena k OypHbIM
nebaTaM MO MOBOAY TOrO, JCHCTBUTENBHO M 3eMist
HEMOJIBUYKHA.

European learning was based on the Greek
sources that had been passed down, so that the
ideas of Aristotle and Ptolemy became the basis
for much of Western thought. Ptolemy’s model of
the cosmos was adopted by the Catholic Church
and held as official doctrine for fourteen hundred
vears. It was not until 1543 that an alternative
model was put forward by Copernicus in his book
De revolutionibus orbium coelestium (On the
Revolutions of the Celestial Spheres), published
only in the year of his death (though he had
worked on his theory for several decades).
Copernicus, like Aristarchus some seventeen
centuries earlier, described a world in which the
sun was at rest and the planets revolved around it
in circular orbits. Though the idea wasn’t new, its
revival was met with passionate resistance. The
Copernican model was held to contradict the
Bible, which was interpreted as saying that the
planets moved around the earth, even though the
Bible never clearly stated that. In fact, at the time
the Bible was written people believed the earth
was flat. The Copernican model led to a furious
debate as to whether the earth was at rest,



OHu gocTuriv Hakana, korma [Mamwneit B 1633 rogy 3a
3amuty monenu KomepHuka, a Takke 3a MHEHHE O TOM,
YTO "MOXKHO HPUIEPKUBATHCA MPOTUBHOTO CBAIMICHHOMY
[Mucanuto MHEHHUS u 3allUIIATh ero Kak
npaBono0oHoe", 6pu1 00BHHEH B epecu. Ero npuszHamm
BUHOBHBIM, MOCAJWJIX TOJ JOMAIIHUM apecT Ha BCIO
OCTaBIIYIOCS KU3Hb M 3aCTaBWJIM OTPEUYbCS OT CBOMX
B3msA0B. Kak roBopsT, oH mpobGopmoran: "Eppur si
muove" ("W Bce-taku ona Beptutca!"). B 1992 ronmy
Pumckas Karonnueckas LlepkoBb HakKOHEL PU3HAIIA, YTO
npuroBop [anunero 611 HECTIpaBeATUB.

Tak kakas »xe Mojenb BepHa: cuctema [ltonemes umum
cuctema Konepauka? XoTs 4aCTO MOXKHO YCIIBIIIATh, YTO
Konepnuk nokasain, 6yaro Iltonemeit ommbaercs, 3To He
Tak. Kak u B ciay4ae OOBIKHOBEHHOTO [UIsl Hac
BOCIIPUSITUS, TPOTHBOPEYAIIECTO BOCIPHUATHIO 30JIOTHIX
PBIOOK, Ka)/IbIii MOXET HCIOIb30BaTh UyKYIO KapTHHY B
KauecTBe Mozeian BcenenHoi, n00 Haliu HaONIONEHHS 3a
HebecaMd MOXKHO OOBSICHUTH KaK TeM, YTO 3eMmis
HaxOJIUTCA B COCTOSHHHM TIOKOs, TaK M TE€M, 4YTO B
coctossHUU ToKos1 HaxoauTcs ConHie. 3abyaemM o poiu
cucreMbl Konepuuka B punmocodckux nedatax mo moBogy
npupoasl Haumed BceeneHHol. PeanbHoe INpeuMylnecTBo
ATON CHUCTEMBI 3aKJIIOYAeTCS B TOM, YTO COBOKYITHOCTH
(dakTOpoB ABMKEHUS OyJIET ropaszio Mpoie B TOW CXeMe,
riae CoJIHIlE HEMMOABIKHO.

culminating in Galileo’s trial for heresy in 1633 for
advocating the Copernican model, and for
thinking “that one may hold and defend as
probable an opinion after it has been declared and
defined contrary to the Holy Scripture.” He was
found guilty, confined to house arrest for the rest
of his life, and forced to recant. He is said to have
muttered under his breath “Eppur si muove,” “But
still it moves.” In 1992 the Roman Catholic
Church finally acknowledged that it had been
wrong to condemn Galileo.

So which is real, the Ptolemaic or Copernican
system? Although it is not uncommon for people
to say that Copernicus proved Ptolemy wrong, that
is not true. As in the case of our normal view
versus that of the goldfish, one can use either
picture as a model of the universe, for our
observations of the heavens can be explained by
assuming either the earth or the sun to be at rest.
Despite its role in philosophical debates over the
nature of our universe, the real advantage of the
Copernican system is simply that the equations of
motion are much simpler in the frame of reference
in which the sun is at rest.



OcoObIii BHUII ANBTEPHATHUBHOM PEATHHOCTH MOXHO
BCTPETUTH B HAyYHO-(aHTACTHYECKOM ¢unbme
"Marpuia", rie 4eroBEUYeCTBO HEOCO3HAHHO YKHBET B
MOJEIUPYEMON BUPTYaJIbHOM PEAIBHOCTH, CO3JaHHOU
pa3yMHBIMU KOMITBIOTEpAMU ISl TOTO, YTOOBI MOJIaBUTh U
YCMUPHTH JIFOJCH, B TO BpeMsI KaK KOMIIBIOTEPbI TUTAIOTCS
X OMODJIEKTpUUYECKOW 3Heprued (4to OBl MO 3THM HU
1oJpa3yMeBajioch). B03MOXXHO, 3TO HE HAaCTOJIBKO
HENpaBIo0NoJ00HO, MOTOMY  4YTO  MHOrO  JIOAeH
MPEANOYUTAIOT TTPOBOJUTE CBOE BPEMs B MOJEIUPYEMOM
NEHCTBUTENLHOCTH BeO-CaiTOB, Takux Kak Bropas
Kusznp. Kak MOHATBH, YTO MBI HE NEPCOHAXKU MBUIBHOU
OTIEepBI, MOCTAHOBIIMKOM KOTOPOH SIBJISETCS KOMIBIOTEP?
Ecnu Obl MBI XKHUJIM B CHHTETHYECKOM BOOOpakaeMoM
MUpe, COOBITHS HEe 0053aTelbHO HMEIH OBl KaKyl-TO
JIOTUKY WU TIOCIIEOBATEIBbHOCTh WM TOJYUHSIIUCH
3aKkoHaM. HomMnaHeTsHe-IKCIIePUMEHTATOPbl MOTTH OBl
HaWTH 3aHSATHBIM WIM 3a0aBHBIM TIOCMOTPETh Ha HAaIlU
peakuuu, ecid, Harnpumep, noiHas JlyHa packonercs
HAJBOE WJIM €CIU JIIOJM CO BCEro MHUpa, CHAAIIUE Ha
JUeTe, BAPYr TOYYBCTBYIOT HEMPEOJOIMMYIO TIATY K
MOETaHUI0 TOPTOB ¢ OaHaHOBBIM KpemoM. Ho eciu O
WHOTUIAHETSIHE HABSI3bIBAIM HAM JIOTHUHBIE 3aKOHBI, TO MBI
HE MOTJIHM Obl CKa3aTh, YTO €CTh UHAS PEAIbHOCTH 3a 3TOH,
UMUTHUPOBAaHHOW. bbuto OBl  JIErKO HA3BaTh MUD
WHOIUTAHEeTSIH ~ "peasibHhIM", a  CHHTETHYECKUUA -
"noxubM". Ho ecnm cymiectBa 3TO CHUMYJIUPOBAHHOTO
MHpa HE MOTYT, KaK MbI, YBHJIETh

A different kind of alternative reality occurs in
the science fiction film The Matrix, in which the
human race is unknowingly living in a simulated
virtual reality created by intelligent computers to
keep them pacified and content while the
computers suck their bioelectrical energy
(whatever that is). Maybe this is not so
far-fetched, because many people prefer to spend
their time in the simulated reality of websites such
as Second Life. How do we know we are not just
characters in a computer-generated soap opera? If
we lived in a synthetic imaginary world, events
would not necessarily have any logic or
consistency or obey any laws. The aliens in control
might find it more interesting or amusing to see
our reactions, for example, if the full moon split in
half, or everyone in the world on a diet developed
an uncontrollable craving for banana cream pie.
But if the aliens did enforce consistent laws, there
is no way we could tell there was another reality
behind the simulated one. It would be easy to call
the world the aliens live in the “real” one and the
synthetic world a “false” one. But if—like us—the
beings in the simulated world could not gaze into



cBOI0 Bcenennyro u3BHe, I HUX HE ObUIO OBl MPUYHMH
COMHEBATbCS B CBOEU KapTHMHE MHpa. DTO COBPEMEHHas
BEpCHsl TOM MBICIIH, YTO BCE MBI - JIUIIb IEPCOHAXKU YHETO-
TO CHa.

OTu nmpUMephl MPUBOAAT HAC K 3aKIIOYEHHUIO, KOTOPOE
SIBJISIETCSI BaXXHOW 4YaCThlO ATOM KHUTH: HET HHUKAKOU
KapTUHBl (WM  TEOpUM) HE3aBHUCUMOH  KOHIICTIIHU
peanbHOCTH. BMECTO 3TOro Mbl IpUMEM HJICI0, KOTOPYIO
Ha30BeM ''MOJICNIbHO-3aBUCHUMBIA peanu3Mm'": Huues, 4To
dusnyeckass Teopus WIM KapTHHA MHpPa - 3TO MOJCIb
(rmaBHBIM ~ 00pa30oM  MaTEeMaTHYECKOH TPUPOIBI) U
KOMIUJIEKC MPAaBHWJI, KOTOPbIE COCAMHSIOT SJEMEHTHI ITOU
MoJeI B HaOMIOJEHWU. ITO CO3/JacCT Kapkac JUis
WHTEPIPETAIN COBPEMEHHON HAYKHU.

their universe from the outside, there would be no
reason for them to doubt their own pictures of
reality. This is a modern version of the idea that
we are all figments of someone else’s dream.

These examples bring us to a conclusion that
will be important in this book: There is no picture-
or theory-independent concept of reality. Instead
we will adopt a view that we will call model-
dependent realism: the idea that a physical theory
or world picture is a model (generally of a
mathematical nature) and a set of rules that
connect the elements of the model to obser-
vations. This provides a framework with which to
interpret modern science.



“Omo sanuce. He becnokotime mens. A conoepamma.”

Co Bpemen Ilmatona ¢urocodsl crnopsAT O TpHUPOJE
peanbHOCTH. Kilaccuueckass Hayka OCHOBAaHA Ha BEPE, UTO
CYIIECTBYET HACTOSIIIMKA BHEIIHMA MHp, CBOMCTBA
KOTOPOTO TOYHBl W HE3aBUCUMBI Ul HaOronaTens,
BocnpuHHUMaromero ux. CoriacHo KiIacCMYeCKON HayKH,
TOYHBbIE OOBEKTHl  CYIIECTBYIOT U HMEIOT TaKue
¢uznyeckue CBOMCTBA, KaK CKOPOCTh U Macca, UMEIOINe
onpezaeneHHyl0 BeauuuHy. C 3TOM TOUYKM 3pEHMs HAlIH
TEOpPUU - MONBITKH ONUCATh 3TH OOBEKTHI U X CBOICTBA,
Y Hallll U3MEPEHMSI U OIYIIEHUSI COOTBETCTBYIOT

Philosophers from Plato onward have argued
over the years about the nature of reality. Classical
science is based on the belief that there exists a
real external world whose properties are definite
and independent of the observer who perceives
them. According to classical science, certain
objects exist and have physical properties, such as
speed and mass, that have well-defined values. In
this view our theories are attempts to describe
those objects and their properties, and our
measurements and perceptions correspond to



uM. 1 HaOmronatens U HaOMIOJAEMBbIH SIBJIAETCS 4aCTSAMU
MHpa, Y KOTOPOTO €CThb OOBEKTHBHOE CYLIECTBOBAHHE, H
KaKHMe-JIN0O pasinyMsi MeXAy HUIMHM HE UMEIOT 3Ha4allero
3Ha4YeHus. J|pyruMu ciioBamMHu, €Cii Bbl BUAUTE CTAA0 3e0p
Ooproluxcs 3a MECTO B rapaxke, 3TO IOTOMY, YTO TaMm
JNEHCTBUTENLHO CTano 3e0p Bexer OOprOy 3a MecTo B
rapaxke. Bce npyrue HaGnrogareny, KOTOpbIE OLIEHUBAIOT,
U3MEPAT TE€ )K€ caMble CBOMCTBA, W y cTaga OyIyT Te ke
CBOWCTBA, HE3aBUCUMO HAOJIOJaeT KTO-IMO0 32 HUMM WUJIH
HeT. B ¢puocoduu 3Ty Bepy Ha3bIBAIOT peaii3MOM.

XoTs peanu3M MOXET ObITh 3aMaH4YMBON TOYKOM
3peHHsI, KaK MBI YBHJHUM I103K€, HO TO, YTO MBI 3HAEM O
COBPEMEHHOM (U3UKe, eNIaeT ero TPYAHBIM AJIS 3alUThl.
Hanpumep, B COOTBETCTBUM € NPHUHLMIIAMM KBaHTOBOU
MEXaHUKH, KOTOpas sBJISETCS TOYHBIM OIMCAaHUEM
NOPUPOIBI, YACTUIBI HE HMMEIOT, KaK HH ONPEAEICHHOTO
HOJIOKEHHUS B IMPOCTPAHCTBE, TaK M HU ONpEAETICHHOM
CKOpPOCTH W TIOKa OTH  BEIMYUHBI  HM3MEPSIOTCS
HaOmronarenem. IlosToMy He OyneT mHpaBUIIBHBIM
YTBEP)KIEHHE, YTO W3MEPEHHE JaeT OIpeesIeHHBIN
pe3yibTart, IOTOMY YTO U3MEpseMble BETUYHHBI HE UMEIOT
CMBICIIa HAa MOMEHT u3MepeHus. DakTuyecku, B
HEKOTOPBIX CIIydasX OTAEIbHbIE OOBEKTHI Jake HE UMEIOT
HE3aBUCHMOTO CYIIIECTBOBAHUS,

them. Both observer and observed are parts of a
world that has an objective existence, and any
distinction between them has no meaningful
significance. In other words, if you see a herd of
zebras fighting for a spot in the parking garage, it
is because there really is a herd of zebras fighting
for a spot in the parking garage. All other
observers who look will measure the same
properties, and the herd will have those properties
whether anyone observes them or not. In
philosophy that belief is called realism.

Though realism may be a tempting viewpoint,
as we’ll see later, what we know about modern
physics makes it a difficult one to defend. For
example, according to the principles of quantum
physics, which is an accurate description of
nature, a particle has neither a definite position
nor a definite velocity unless and until those
quantities are measured by an observer. It is
therefore not correct to say that a measurement
gives a certain result because the quantity being
measured had that value at the time of the
measurement. In fact, in some cases individual
objects don’t even have an independent existence



a CKOpee CYIIECTBYIOT KaK 4YacTb aHCaMOJsi MHOTHX
yactull. Y, eciu Teopusi, Ha3bIiBaeMas '"ToorpaguuecKum
NPUHIMIOM", OKaXeTCS BEPHOM, TO MbI M HAI
YETBIPEXMEPHBII MUP MOXEM OBbITh TEHSIMH Ha TpaHMILIE
0oJbIIEr0O MHpa, MATUMEPHOrO MPOCTPAHCTBEHHOTO-
BPEMEHHOI'O0 KOHTHHYYMa. B 3TOM citydae, Hall cTaTyc BO
BceneHnHol aHaIOTHYEH CTaTyCy 30JI0TOM PHIOKH.
Crporme  peajaucTbl  4acTO  YTBEpPXKIAKOT,  4YTO
JI0OKa3aTelIbCTBO AITHUX HAyYHBIX TEOPUW IIPEICTaBIISAET
JEHCTBUTENBHOCTD, B YEM U 3aKJIFOYAETCS UX YCHEIIHOCTD.
Ho pa3znuunble TEOpUM MOTYT YCHEUIHO ONHCHIBATH TE K€
(eHOMEHBI Yepe3 HECOM3MEPUMBIC KOHIICTITyalbHbIC
CTPYKTYpbl. @DaKTUYECKH, MHOTHE Hay4yHblE TEOpPHH,
KOTOpBIE  OKa3aJlUCh  YCIHEHIHbIMHU, [O3/HEE ObUIM
3aMEHEHbI JPYTUMH, OJUHAKOBO YCIEUIHBIMH TEOPHUIMH,
OCHOBaHHbIE Ha 00JI€€ HOBBIX OHATUSAX PEATbHOCTH.
TpaguuoHHO, Te, KTO HE MPUHUMAET pEaIU3M,
UMEHYIOTCS aHTH-pEATNCTaMU. AHTHU-PEaTUCThI
YKa3bIBAIOT Ha Pa3iIvu4us MEXAY dMIIMPUYECKUM 3HAHHEM
u Tteopued. Kak mnpaBwiIo, OHH yTBEPKIAKOT, 4YTO
HaOro1eHue u 9KCIIEPUMEHT ABIIAIOTCS
COJIep’KaTeIbHBIMU, a TEOPUH SIBIISIIOTCS HE Oosee, 4yeM
MIOJIE3HBIMU MHCTPYMEHTAaMH, KOTOpBIE HE 3aKIIOYarT B
cebe Kakux-nubo Oosiee TIIyOOKMX HCTHH, JIeXKalllUX B
OCHOBE Ha0JII01aeMBIX SIBJICHUM. Hekoropsie
AQHTUPEATHUCTHI J1aXKe XOTEJIU CBECTH BCIO HAYKY

but rather exist only as part of an ensemble of
many. And if a theory called the holographic
principle proves correct, we and our four-
dimensional world may be shadows on the
boundary of a larger, five-dimensional space-time.
In that case, our status in the universe is
analogous to that of the goldfish.

Strict realists often argue that the proof that
scientific theories represent reality lies in their
success. But different theories can successfully
describe the same phenomenon through disparate
conceptual frameworks. In fact, many scientific
theories that had proven successful were later
replaced by other, equally successful theories
based on wholly new concepts of reality.

Traditionally those who didn’t accept realism
have been called anti-realists. Anti-realists
suppose a distinction between empirical
knowledge and theoretical knowledge. They
typically argue that observation and experiment
are meaningful but that theories are no more than
useful instruments that do not embody any deeper
truths underlying the observed phenomena. Some
anti-realists have even wanted to restrict science



TOJIbKO K OOBEKTUBHO HaOmogaemMbIM sBieHusMU. [lo
9TOW MPUYHHE, B IEBATHAIIIATOM BEKE MHOTUE OTKJIOHSIIH
runore’y o0 aroMax Ha OCHOBAHMMU TOTO, YTO HaM
HUKOTIa HE yIaBAIOCh YBUACTh HU OJMH U3 HUX. J[PKOPIK
bepxiu (1685-1753) naxe mnpwuimien K TOMY, 4TO HE
CYIIECTBYET HUYETr0, KpOME pasyma u ero mbiciei. Korma
Ipyr aHTJIMHCKOrO aBTOpa W JIeKcHKorpada JOKTOpa
Camiosns  JIxoncona (1709-1784) 3amerwmn, 4TO
yTBepxkAeHHe bepkiu He MOXKeT ObITh ONPOBEPTHYTO, TO
JIKOHCOH, Kak yTBEp)KAAIOT, OTBETWJ, NOIOUIS K
00JBIIOMY KaMHIO, TTHYB €ro, U oO0BsiBUB, "SI oTBepraio
3T0 TakuM oOpazom". KoneuHo 0oib B HOTre, KOTOPYIO
MOYYBCTBOBAJ JOKTOp JI>KOHCOH, TOXe Obliia uaeei B ero
rojoBe, II03TOMY OH JICHCTBHTEIBHO HE OIpPOBEpPT
noBogoB bepxiu. Ho ero neiicTBue mporIIIIOCTPUPOBAIIO
B3rAabl puocoda JpBuma FOma (1711-1776), koTopsIit
MUCaJ, 4YTO XOTS MBI M HE MMEEM pallMOHAIBHBIX OCHOB
JUISE Bephl B OOBEKTUBHYIO PEABHOCTh, MBI TaKKe HE
UMEEM JIpyroro BbiOOpa, KpoMe TOro, 4ToObl JIeHCTBOBAThH
TakK, CJIOBHO 9TO MCTHHA.

MonenbHO-3aBUCUMBIN  peajn3M KpaTKO 3aBepliaeT
BECh ITOT CIIOP M OOCYKJICHHE MEXIY IIKOJIOH PeaarcToB
U QaHTH-PEaTTUCTOB.

to things that can be observed. For that reason,
many in the nineteenth century rejected the idea
of atoms on the grounds that we would never see
one. George Berkeley (1685-1753) even went as
far as to say that nothing exists except the mind
and its ideas. When a friend remarked to English
author and lexicographer Dr. Samuel Johnson
(1709-1784) that Berkeley’s claim could not
possibly be refuted, Johnson is said to have
responded by walking over to a large stone,
kicking it, and proclaiming, “I refute it thus.” Of
course the pain Dr. Johnson experienced in his
foot was also an idea in his mind, so he wasn’t
really refuting Berkeley’s ideas. But his act did
illustrate the view of philosopher David Hume
(1711—1776), who wrote that although we have no
rational grounds for believing in an objective
reality, we also have no choice but to act as if it is
true.

Model-dependent realism short-circuits all this
argument and discussion between the realist and
anti-realist schools of thought.



“V Bac oboux ecmob umo-mo obwee. JJoxmop [[36uc oonapysicun
yacmuyy, KOmopyo HUKmMo He gudei, a npogeccop Xueb obuapysicun
2a1AKMUKY, KOMOPYIO HUKMO He suden.”’

CornacHo MO/JIEJIbHO-3aBUCUMOMY peanusmy,
OECCMBICIICHHO  CIIpalllMBaTh  SABISETCS JIM  MOJENb
peaqrcTU4YHOl 06e3 TOro, HaCKOJILKO OHA COrjlacyercs C
HaOmroeHusiMu. Ecnu cymecTByIOT 1BE Takue MOJEIH,
KOTOpbIE COIJIaCYIOTCSl C  HaOMIOJEHUSAMH, I0J00HO
KapTHHaM 30JI0TOM pBIOKM M Hallel, Torja Helb3s
CKa3zaTh, Kakasi W3 OJTUX MOJENeH sBiseTcs Oolee
peanucTuyHoil. B 3TOM cilyuae MOMKHO HCHOJIB30BaTh
TF00yI0 MOJIeNb, KOTOpasi sBJsieTcsi Oojiee MPUTOMHON B
KOHKPETHOU CUTYalluH, B COOTBETCTBUH C TE€M HJIM UHBIMU
coobOpakenusimu. Hampumep, ecinu ObI KTO-TO HAXOIHIICS
BHYTpU IIapa, M300pa)Ke€HHE 30JI0TOM pBhIOKKM ObLIO OBl
TIOJIE3HBIM, HO JUISl T€X, KTO HAXOJIUTCS CHAPYXKHU, TOIDKHO
ObU10 OBl OBITH OUYEHB

“You both have scme!hing in commaon. Dr, Davis has
discovered a particle which nobody has seen, and Prof.
Higbe has discovered a galaxy which nobody has seen.”

According to model-dependent realism, it is
pointless to ask whether a model is real, only
whether it agrees with observation. If there are
two models that both agree with observation, like
the goldfish’s picture and ours, then one cannot
say that one is more real than another. One can
use whichever model is more convenient in the
situation under consideration. For example, if one
were inside the bowl, the goldfish’s picture would
be useful, but for those outside, it would be very



HEYZ00OHO ONMCHIBaTh COOBITHS W3 AAJEKOW TaJlakTUKU B
pamkKax mapa Ha 3emje, OCOOEHHO IOTOMY, Kak Iuap
JOJDKEH OyAeT ABUraThCsl Tak, Kak 3eMisl oOpaluaercs
BOoKpyr CoJiHIIa ¥ BpalaeTcs 1o cBOeH OCH.

MBI cTpOMM MOJENU HE TOJbKO B HayKe, HO U B Halleil
MIOBCETHEBHOW KU3HU. MOJEIIbHO-3aBUCUMBIA PEATTU3M
OTHOCHTCS HE TOJIBKO K HAyYHBIM MOJIEJISIM, HO TaKXKe U K
CO3HATEIbHBIM U IIOJICO3HATEJIbHBIM  MBICIEHHBIM
MOJENsAM, KOTOpble BCE MBI  CO3JaeM,  4TOOBI
UHTEPIPETHPOBATh W TOHATh  E©KEAHEBHBIA  MHP.
HeBo3moxHO yOpaTh HaOmtonaTenss - Hac - U3 HaIEro
BOCIPUATHUS MUPa, KOTOPOE CO3JAETCSI C IOMOILBIO HAILIUX
YYBCTBEHHBIX BOCIPUATHH U CIOCO0a HALIETO MBIIUIEHUS,
paccyxnaenus. Hame Bocmpusatve - a cieaoBareibHO,
HaOJI0IeHNUs, HAa KOTOPBIX 0a3UpylOTCs HAIIM TEOPUH - HE
npsiMoe, a ckopee (OpMHUPYETCS CKBO3b CBOECOOpPa3HYIO
JWH3Y, WHTEPIPETaTUBHYIO CTPYKTYPY UEIOBEYECKOIro
MO3ra.

MoJenpHO-3aBUCUMBIH  peannu3m COOTBETCTBYET
HalleMy croco0y BoCHpHUATHS 00BeKTOB. B 3peHun mosr
YeJI0BeKa MPUHUMAET CEPUI0 CUTHAJIOB Yepe3 ONTHUYECKUI
HEpB. DTU CUTHAJIBI HE 00pPa30BBIBAIOT TAKyl0 KapTHHKY,
KOTOpPYIO BBl Obl MpHHSJIM Ha Ball TeleBu3op. B
YeJIOBEYECKOM IJ1a3y €CTh CJIENOE MATHO B TOM MECTE, I/ie
ONTUYECKUN HEPB KPEMUTCS K CeTyaTKe, a €IMHCTBEHHAs
YacTh BAILETo MOJIs 3pEHHUSI C

awkward to describe events from a distant galaxy
in the frame of a bowl on earth, especially because
the bowl would be moving as the earth orbits the
sun and spins on its axis.

We make models in science, but we also make
them in everyday life. Model-dependent realism
applies not only to scientific models but also to the
conscious and subconscious mental models we all
create in order to interpret and understand the
everyday world. There is no way to remove the
observer—us—from our perception of the world,
which is created through our sensory processing
and through the way we think and reason. Our
perception—and hence the observations upon
which our theories are based—is not direct, but
rather is shaped by a kind of lens, the interpretive
structure of our human brains.

Model-dependent realism corresponds to the
way we perceive objects. In vision, one’s brain
receives a series of signals down the optic nerve.
Those signals do not constitute the sort of image
yvou would accept on your television. There is a
blind spot where the optic nerve attaches to the
retina, and the only part of your field of vision with



XOpOILIUM pa3pelieHueM - 3TO y3Kas IUIolmaas B 1 rpamyc
3pUTENBHOTO YIjla BOKPYT IIEHTPa CETYAaTKH, IIUPUHOW B
OOJBIION Tajer] BBITIHYTOW BHEpea pyKH. Takum
0o0pa3oM, HCXOAHBIM CHTHAJ, TOCTYMAONMI B MO3T,
ABIIIETCS HU3KOKAUECTBEHHOM KAapTUHKON C JBIPKOW B
Heil. K cuacTpio, Hamr Mo3r crocoOeH o0padaTbiBaTh 3TOT
CUTHAJ, couyeTass MH(OPMALIUIO OT O0OMX TIJIa3, 3aIrlOJIHSS
clIenble MPOMEKYTKH (MCXOAS M3 TOTO MPEANOI0KEHUS,
YTO CBOWCTBAa COCEIHHMX YYACTKOB IMOXO0XH), U COOUpas
KapTUHKY BOeIMHO (MHTepronupys). bomee Ttoro, on
CUMTBHIBAET JBYXMEPHBIA MOTOK AAaHHBIX C CETYATKH U
CO3JIaeT M3 HETO OILIYIICHWE TPEXMEPHOTO IMPOCTPAHCTBA.
JpyrumMu ciioBaMu, MO3T CO3[Ia€T MBICICHHYIO KapTHUHY
WA MOJIEITB.

Hamr mMo3r Tak xopomo MoAenupyeT peaibHOCTh, UTO
ecnu OBl JIIOJM, HOCSIIME OYKH, MEPEBEPHYIN B HUX
n300pakeHHe BBEpX HOraMHM, TO HMX MO3IH uepe3
HEKOTOPOE BpEMsI M3MEHWJIM MOJEIh MHPA, U OYKAPUKH
BUJEIN OBl BCE TaK ke, Kak U npexze. Eciu oHM CHUMYT
OYKH, OHM CHOBA YBHUJAT IMEPEBEPHYTHIH MHpP, a MOTOM
CHOBa QJANTUPYIOTCA. DTO WUTIOCTPUPYET TO, YTO MUMEET
B BUJYy 4YEJIOBEK, Korja ropoput: "5 Buxy kpecio", u
KOTOPBIIl BCEro-HaBCETO HCIOJIb30BaJl CBET, PACCESTHHBIN
KpecJIoM, 4TOOBI CO3/1aTh U300paKEHUE UITU MOJEIIb 3TOTO
Kpecna y cebs B rojoee. B cimydae, eciu Mopenb
NIEPEBEPHYTA, TO €CIIH ITOBE3ET, MO3T

good resolution is a narrow area of about 1 degree
of visual angle around the retina’s center, an area
the width of your thumb when held at arm’s
length. And so the raw data sent to the brain are
like a badly pixilated picture with a hole in it.
Fortunately, the human brain processes that data,
combining the input from both eyes, filling in gaps
on the assumption that the visual properties of
neighboring locations are similar and interpo-
lating. Moreover, it reads a two-dimensional array
of data from the retina and creates from it the
impression of three-dimensional space. The brain,
in other words, builds a mental picture or model.
The brain is so good at model building that if
people are fitted with glasses that turn the images
in their eyes upside down, their brains, after a
time, change the model so that they again see
things the right way up. If the glasses are then
removed, they see the world upside down for a
while, then again adapt. This shows that what one
means when one says “I see a chair” is merely that
one has used the light scattered by the chair to
build a mental image or model of the chair. If the
model is upside down, with luck one’s brain will



HCIIPABUT 3TO JI0 TOTO, KaK YEJIOBEK CSJIET B KPECIIO.

Hpyras npobuema, KOTOpYIO MOJIETIBHO-
OpPUEHTUPOBAHHBINA peanu3M MbITACTCS PEIIUTh (WM, KakK
MUHHMYM, H30€XaTh) - 3TO 3HaYeHHE 'CyIIeCTBOBaHU".
Kak s y3Haro, cymiecTByeT JM CTOJI B JIaHHOM KOMHArte,
€CJIM 5 BBIJY U3 HEE U HE cMOry ero Buierh? Yro Oyxaer
3HAYUTh YTBEPXKACHHE O TOM, YTO MPEIMETHI, KOTOPHIX
MBI HE BHJIUM, TaKue KaK OJJIEKTPOHBI MM KBapKH
(4acTHIIBI, M KOTOPBIX, KAK CUUTAETCS, COCTOAT MIPOTOHBI U
HEUTpoHBI) -  cymectByoT?  Kto-TOo  Mor Ol
MPUIEPKUBATBCS MOJIENH, KOTJa CTOJ MCYe3aeT, Kornaa s
BBIXOKY W3 KOMHATBI, NOSBISETCS BHOBb, KOI/a s
BO3BpAIlalOCh, HO 3TO ObLIO ObI 0OueHb rpy0o. U uto 66110
Obl, ecau Obl MOTOJOK OOpYIIMJICS, KOI/a S BBILIEN W3
komHaThl? Kakum >xe obpazom B pamkax moxenu "Crom-
UCYE3aeT-KOI'1a--BbIX0XKY-U3-KOMHAThl' s MOr OBl
OOBSICHUTh TO, YTO KOTJa s BOILIEJ B KOMHATY, CTOJ
BO3HHMK 3aHOBO - pa3JIOMaHHbIH U 1Oj 00JIOMKaMH
notonka? Mojenb, B KOTOPOH CTOJI HUKYZa HE UCYE3acT,
SBJISIETCS] TOpa30 0o0Jiee MPOCTON, a TaK)Ke TAPMOHUYHOMN
¢ HaOJIt0JIeHHEM. DTO BCE, YTO MOXKHO CITPOCHUTb.

B curyanmum, xorma MbI HE MOXEM  YBHUJETh
Cy0aTOMHbBIE YaCTHIIbI, 3JEKTPOHBI SBISIOTCA YAO0OHOM
MOJENbI0, OOBICHSIONIEH TaKue HAOMIOAECHUS, KaK CIEIbI
B KOHJICHCALIMOHHOM KaMepe WJIM CBETOBbIE TOYKU Ha
JKpaHE TeJIEeBH30pa, a TAaKK€ MHOTHE HWHBbIE SIBJICHUS.
I'oBopsT, 4TO 251EKTPOH

correct it before one tries to sit on the chair.

Another problem that model-dependent
realism solves, or at least avoids, is the meaning of
existence. How do I know that a table still exists if
I go out of the room and can’t see it? What does it
mean to say that things we can’t see, such as
electrons or quarks—the particles that are said to
make up the proton and neutron—exist? One
could have a model in which the table disappears
when I leave the room and reappears in the same
position when I come back, but that would be
awkward, and what if something happened when I
was out, like the ceiling falling in? How, under the
table-disappears-when-I-leave-the-room model,
could I account for the fact that the next time I
enter, the table reappears broken, under the
debris of the ceiling? The model in which the table
stays put is much simpler and agrees with
observation. That is all one can ask.

In the case of subatomic particles that we can’t
see, electrons are a useful model that explains
observations like tracks in a cloud chamber and
the spots of light on a television tube, as well as
many other phenomena. It is said that the electron



Ob1 OTKpHIT B 1897 romy ¢usukom TomrcoHOM B
naboparopun Kasenaum B Yuuepcutere KemOpumx. On
OKCHEPUMEHTHPOBAI €  JJCKTPUYECKHMM  TOKOM B
CTCKJISIHHBIX ~ TpyOKax - ()EHOMEHOM, Ha3bIBAEMbIM
KaTOJTHBIC JTy4H. DKCIIEPUMEHTHI TIPUBEIIN €T0 K CMEIIOMY
3aKJIFOYCHHUIO O TOM, YTO 3ara/JIouHbIe JIYYd COCTOSUIM M3

MeNbYallinX  "KOPIYCKYJIOB",  KOTOpbIE  SBJISUIUCH
MaTepUAIbHBIMU  COCTABJISIIOIIUMU  YacCTSMU  aTOMOB,
npexie CUUTABLIUMUCS HEeJEeTUMBbIMU

GyHIaMEHTAILHBIME 3JIEMEHTaAMH MaTepuu. TOMCOH HE
"yBugen" 3JeKTPOH, TaK K€ KaK U €ro MpearnoaoKeHue He
ObUTO TPSMO WJIM OJHO3HAYHO MPOJAEMOHCTPUPOBAHO
skciepuMeHTamMu. Ho Momens okaszanach KIIHOYEBOH B
OPUMEHEHUH OT (yHJAAMEHTaIbHOW J10 NPUKIATHOU
HAyKH, U CETOJIHA Bce (PU3UKH YBEPEHBI B CYIIIECTBOBAHUU
AJIEKTPOHOB, JJAXKE €CIIM BBl UX HE BUJIHTE.

was discovered in 1897 by British physicist J. J.
Thomson at the Cavendish Laboratory at
Cambridge University. He was experimenting with
currents of electricity inside empty glass tubes, a
phenomenon known as cathode rays. His
experiments led him to the bold conclusion that
the mysterious rays were composed of minuscule
“corpuscles” that were material constituents of
atoms, which were then thought to be the
indivisible fundamental unit of matter. Thomson
did not “see” an electron, nor was his speculation
directly or unambiguously demonstrated by his
experiments. But the model has proved crucial in
applications from fundamental science to
engineering, and today all physicists believe in
electrons, even though you cannot see them.



Karoanbie Jlyun. Mbl He MOXXEM BUIETh OTAENIBHBIE 3JIEKTPOHBL, HO
MBI MOKE€M HaOJII0aTh IPOU3BOJUMBIE MU 3P PEKTHI.

KBapku, KoTOphle MBI TakXe HE MOXKeM HaOII0JaTh,
J00aBIeHBl B MOJEIb, YTOOBI OOBSCHHTH CBOWCTBA
MIPOTOHOB M HEUTPOHOB B SiApe aroma. XOTsA MPOTOHBI U
HEUTPOHBI, KaK YTBEPXKIAETCS, COCTOST U3 KBAPKOB, MBI
HUKOTJIa DKCIIEPUMEHTATbHO HEe OOHapyX UM KBapKH,
MOTOMY YTO TPUTSITUBAIONINE CHJIBI MEXIY KBapKaMu
YBEJIUYMBAIOTCS MPU HMX OTAAJIEHUU JAPYr OT Jpyra, u
MOATOMY HECBSI3aHHbBIE, CBOOOJHBIE KBAapKH HE MOTYT
CylllecTBOBaTh B mpupoze. OHM Bceraa nposiBisoTCs B

Cathode Rays We can't see individual electrons, but we can see effects
they produce.

Quarks, which we also cannot see, are a model
to explain the properties of the protons and
neutrons in the nucleus of an atom. Though
protons and neutrons are said to be made of
quarks, we will never observe a quark because the
binding force between quarks increases with
separation, and hence isolated, free quarks cannot
exist in nature. Instead, they always occur in



rpymnmnax u3 Tpex (IPOTOHBI M HEHTPOHBI) KBApKOB, WM
napamMH: KBapK M aHTHUKBapK (MHM-ME30H), U BEOyT cels
TakK, KaK eciiy Obl ObUIM COEMHEHBI PE3UHKOM.

W Bompoc "umeeT M CMBICI TOBOPUThH, YTO KBAapKU
peagbHO CYIIECTBYIOT, €CIM Bbl HHMKOI/IA HE CMOMKETE
BBIJICINTh OJIMH KBapKk?" OBUT CIOPHBIM JIOJTHE TOIbI
1ocjae TOro Kak KBapKOBas MoOJeib Oblla BIEpBbIC
npeioxkeHa. Mnes o TOM, YTO ONpPENEIEHHbIE YaCTULIBI
COCTOAT U3 pa3jIM4YHBIX KOMOMHALMN HECKOJbKUX Oojee
IOPOCTBIX YacTUL, MO3BOJIMJIA CO3/aTh IPHUHIIMIIBI,
KOTOpbIE B pe3yJIbTaTe AajIM MPOCTOE U MPHUBJIEKATEIBHOE
oObsicHeHue ux cBoilctB. Ho He cMoTps Ha TO, 4TO
bu3uKu HPUBBIKIN paccMaTpuBaTh YaCTULIB,
CYILIECTBOBAaHHE KOTOPBIX I0JIpa3yMEBaJIOCh TOJBKO B
CTAaTUCTUYECKUX BCIUIECKAX JAaHHBIX IO pPa30MEeHMIO
OpPYTMX YacTUl, UJEs MPEACTaBICHUS PEalbHOCTH
YacTHLIBI, KOTOpas B NPUHLUNE HE  NOAJAETCS
Ha0JII0/IeHUI0, ObUla Yepecuyp HEBEpOATHA Al MHOTHX
¢u3ukoB. OHAKO, CITYCTS I'OJIbl, KOT/1a KBAPKOBAasi MOJIENb
cTajlla TPUBOAUTH K Oosee u Oojee MNpPaBUIbHBIM
IpEICKa3aHusIM, IPOTUBHUKOB JTOM MOJEIH  CTaJo
MeHblie. KoHEYHO BO3MOXHO, 4YTO Kakue-HUOYAb
WHOIUIAHETHBIE CYIECTBA C CEMHAALATBIO PYKAMH,
uH(ppaKpacHbIMU TIJa3aMH, W HPHUBBIYKON BBIAYBAThH
B30MTBHIE  CIUBKM W3  yIIeH  chemaer Te  xKe
JKCIIEPUMEHTAJIbHBIE UCCIIETOBAHMS UTO U MBI, HO OMUIIET
ux 0e3 UCIoNIb30BaHUs KBapKoB. TeM He MeHee,

groups of three (protons and neutrons), or in
pairings of a quark and an anti-quark (pi mesons),
and behave as if they were joined by rubber bands.

The question of whether it makes sense to say
quarks really exist if you can never isolate one was
a controversial issue in the years after the quark
model was first proposed. The idea that certain
particles were made of different combinations of a
few sub-subnuclear particles provided an
organizing principle that yielded a simple and
attractive explanation for their properties. But
although physicists were accustomed to accepting
particles that were only inferred to exist from
statistical blips in data pertaining to the scattering
of other particles, the idea of assigning reality to a
particle that might be, in principle, unobservable
was too much for many physicists. Over the years,
however, as the quark model led to more and
more correct predictions, that opposition faded. It
is certainly possible that some alien beings with
seventeen arms, infrared eyes, and a habit of
blowing clotted cream out their ears would make
the same experimental observations that we do,
but describe them without quarks. Nevertheless,



COIJIACHO  MOJIEJI€3aBUCUMOMY  pealiu3My,  KBapKH
CYLIECTBYIOT B MOJEJIU, KOTOpPasl COIJIACyeTCs C HAIIMMHU
HAOJI0/ICHUSIMU TIOBEJICHUSI CYOaTOMHBIX YaCTHII.

Mopeine3aBUCUMBIN peaIn3M MOXKET CO31aTh Cpey Ul
BOIPOCOB, TaKUX KakK: eciad Mup ObUI  co3daH
OINpPECIEHHOE BpeMs HazaJ, TO 4YTO IPOUCXOAMIIO [0
storo? ®dumocod BpeMeH paHHEro Xpuctuancrpa, CB.
Asryctun (354-430), roBopwis, Y4TO OTBET HE B TOM,
roroBu1 nu bor anm gna monei, 3aJaloIiuxX Takue
BOIIPOCBHI, @ B TOM, 4YTO BpEeMs MPUHAIEKUT MHUDY,
KOTOpBIii bBor co3man, m BpemMs He CyIIECTBOBAIO IO
MOMEHTa COTBOPEHHS, KOTOpO€, Kak OH BEpul,
COCTOSUIOCh HE TaK JaBHO. OTO OJHA M3 BO3MOXKHBIX
Mojieei, KoTopast 0Jo0OpeHa TeMHU, KTO YTBEPXKIAET, YTO
3ammch, cAenaHHas B KHUre boiTus OykBajibHO BepHa,
JaXe MpU TOM, YTO MUP COJIEP>KUT HUCKOIIAEMBIE U JIPYTHe
JI0Ka3aTenbCcTBa TOTr0, 4To 3eMist ropaszno crapuie. (OHu
OBUTM TIOMENICHBI TaM, 4TOObI oxypaunTh Hac?) Krto-To
TAaK)K€ MOXET HMMETh JAPYIyl0 MOJAENIb, B KOTOPOH OT
Havayia bonbemoro B3psiBa npornuio 13.7 MusuimapoB Jier.
Mogenb, oOBsCHsSIOmMAs  OONBIIYIO YacTh  HALIMX
COBPEMEHHBIX HAOJIOJIEHUH, BKJIIOYas HCTOPUYECKHE U
apXEeOoJIOTUYECKUE CBUIETENBCTBA, SBIAETCS  JIYYIIUM
IPEJICTABICHUEM O MPOLUIOM M3 BCEX, YTO MBI HMMEEM.
Bropas mozaens MOXXeT OOBSICHUTD

according to model-dependent realism, quarks
exist in a model that agrees with our observations
of how subnuclear particles behave.
Model-dependent realism can provide a
framework to discuss questions such as: If the
world was created a finite time ago, what
happened before that? An early Christian
philosopher, St. Augustine (354—430), said that
the answer was not that God was preparing hell for
people who ask such questions, but that time was
a property of the world that God created and that
time did not exist before the creation, which he
believed had occurred not that long ago. That is
one possible model, which is favored by those who
maintain that the account given in Genesis is
literally true even though the world contains fossil
and other evidence that makes it look much older.
(Were they put there to fool us?) One can also
have a different model, in which time continues
back 13.7 billion years to the big bang. The model
that explains the most about our present
observations, including the historical and
geological evidence, is the best representation we
have of the past. The second model can explain



UCKOIIaCMble W PAJAMOAKTUBHBIC CBUICTEIBCTBA, U TOT
(axT, 4TO MBI IPUHUMAEM CBET OT TAJTAKTUK, JO KOTOPBIX
MUJUIMOHBI CBETOBBIX JIET, TaK YTO 3Ta MOJENb - TEOPHUs
Bonbmoro B3psiBa - Oonee monesna, yem nepsast. J{o cux
IOp HU OAHY U3 MoJeneil Henb3s Ha3zBaTh Ooiee
peanbHOM, YeM apyrasi.

Kpapxu. [Tonarue kBapka - >KU3HEHHBIH 2JIEMEHT HAIlIUX TEOPUH
(yHIaMeHTaIEHON (DM3UKH J1aKe TIPU TOM, YTO OTACITIBHBII KBapK He
MOXeET OBbITh HAOMOgaeM.

HekoTopbie mnpuaepKUBAIOTCA MOJAEIH, TAE Bpems
Hayajaoch naxe panblue bombmoro B3peiBa. Bee eme He
SCHO

the fossil and radioactive records and the fact that
we receive light from galaxies millions of
light-years from us, and so this model—the big
bang theory—is more useful than the first. Still,
neither model can be said to be more real than the
other.

Quarks The concept of quarks is a vital element of our theories of
fundamental physics even though individual quarks cannot be observed.

Some people support a model in which time
goes back even further than the big bang. It is not



MOXET JIU MOJIENb, B KOTOPOU BpeMs 110 U 10 bosbiioro
B3peiBa, Inydine OOBSICHITH TEKYIIHE HWCCIIECIOBAHUS,
IIOTOMY 4YTO 3aKOHbl pa3BUTHUS BceneHHoH, BUIUMO,
paspywmarTcs B MOMEHT bosbmoro BipeiBa. Eciam 3to
Tak, TO HET HUKAKOI0 CMbICIA CO3/1aBaThb MOJEIIb
OIMCBHIBAIOLLYIO BpeMs 10 bonbiioro B3peiea, moTomy 4To
BCE 4YTO CYIIECTBOBAJIO TOr/Aa, HE OyAeT HMEeTh
HAOJI0TAEMBIX TIOCJIECICTBUNA B HACTOSIIEM, TTO3TOMY MBI
MO>KEM OCTAaHOBHUTHCS Ha ujee o ToM 4to bosbmoit B3psis
ObLII MOMEHTOM CO3JaHMsI MUpA.
Mopenb xopomiasi MOJIENb, €CIIA OHA!

1. U3smna
2. CopepKUT MaJIO MPOU3BOJIBHBIX WM PETYIINPYEMbIX
3JIEMEHTOB

3. Corynacyercs €O  BCEMH  CYUIECTBYIOIIUMU
HAOIIOIEHUSIMU U OOBSICHSIET UX.
4.Jlenaer  moApoOHbIE  MPOTHO3Bl  OTHOCHUTEIBHO

Oyaymux HaOIr0AeHUH, KOTOpble MOT'YT OIPOBEPTHYThH
WIA J0Ka3aTh JIOKHOCTb MOJEIHM, €CIU OHM He
MIOATBEPAMIIUCE.

Hanpumep, teopust Apucrorenss, o TOM, 4YTO MHP
COCTOMT M3 YEThIpEX 3JIEMEHTOB: 3€MJIU, BO3AYyXa, OTHA U
BOJIbI, M YTO OOBEKTHI CTPEMSIIIMECS OCYIIECTBUTH CBOU

vet clear whether a model in which time continued
back beyond the big bang would be better at
explaining present observations because it seems
the laws of the evolution of the universe may
break down at the big bang. If they do, it would
make no sense to create a model that encompas-
ses time before the big bang, because what existed
then would have no observable consequences for
the present, and so we might as well stick with the
idea that the big bang was the creation of the
world.
A model is a good model if it:

1. Is elegant

2. Contains few arbitrary or adjustable elements

3. Agrees with and explains all existing
observations

4.Makes detailed predictions about future
observations that can disprove or falsify the
model if they are not borne out.

For example, Aristotle’s theory that the world
was made of four elements, earth, air, fire, and
water, and that objects acted to fulfill their



Ha3Ha4YeHUs OBbLIM U3SILIHBI U HE COJAEPKAIU U3MEHSIEMbIX
anemeHToB. HO BO MHOrux ciydasx Teopus HE JaBajia
OTpezieNIeHHBIX MPEeCKa3aHui, a €CIIU U JlaBajia, TO OHU He
BCEr/la COOTBETCTBOBAIM HaOmoaeHusM. OTHUM H3 ATUX
npelcKa3aHuii ObUIO TO, 4TO OoJiee TsKeNlble OOBEKTHI
JOJKHBI TTaAaTh ObICTpee, MOTOMY YTO UX b - TaJICHNUE.
Jo Tamuneo HHUKTO W HE JyMaji, YTO 3TO HYKHO
npoBeputh. CyliecTByeT UCTOPUS, YTO OH MPOBEPSI ITO,
Opocass Tpy3sl pasnmuyHOM Maccel ¢ [Im3aHckoi
("mamaromeii") 6amHu. Ckopee BCero, 3TO JIETEHa, HO MbI
TOYHO 3HaeM, YTO OH CKAaThIBAJ IIAPbI PAa3IMYHONU MACCHI
M0 HAKJIOHHOMY K€JIO0Y U 3aMETHII, YTO OHU CKATHIBAJIUCH
C OIWMHAKOBOM CKOpPOCTBIO, BOIPEKU MPEICKA3AHUIO
Apucrorens.

BrrmeynoMsHyThIi KpUTEpHii OUYEBUHO
CyObeKkTUBHBINA. M3smiecTBo, HampuMep, 3TO HE TO HTO
MO>KHO IIPOCTO U3MEPUTh, HO OHO BBICOKO IIEHUTCS CpeIn
VYEHBIX, IMOTOMY 4YTO 3aKOHBl TPUPOJABI CTPEMATCS
SKOHOMHO COKPaTUTh YHCIIO OMNPEIEICHHBIX CUTyallud B
OJIHY TIpocTyi0 (hopmyiny. UzsitiecTBO oTHOCHUTCS K hopme
TEOpPHH, HO OHO TAaKXE€ TECHO CBSI3aHO C HEIOCTAaTKOM
U3MEHSIEMBIX DJJIEMEHTOB, TaK KaK TeopHus, CxKaTas
BBIIyMaHHBIMU KO3(pPUIIIEeHTaMU HE OYEeHb JJIeTaHTHA.
[Tepedpaszupys DifHIITEHA, TEOPUS JOJDKHA OBITH
HACTOJIBKO MPOCTOM, HACKOJIBKO 3TO BO3MOXHO,

purpose was elegant and didn't contain adjustable
elements. But in many cases it didnt make
definite predictions, and when it did, the
predictions weren’t always in agreement with
observation. One of these predictions was that
heavier objects should fall faster because their
purpose is to fall. Nobody seemed to have thought
that it was important to test this until Galileo.
There is a story that he tested it by dropping
weights from the Leaning Tower of Pisa. This is
probably apocryphal, but we do know he rolled
different weights down an inclined plane and
observed that they all gathered speed at the same
rate, contrary to Aristotle’s prediction.

The above criteria are obviously subjective.
Elegance, for example, is not something easily
measured, but it is highly prized among scientists
because laws of nature are meant to economically
compress a number of particular cases into one
simple formula. Elegance refers to the form of a
theory, but it is closely related to a lack of
adjustable elements, since a theory jammed with
fudge factors is not very elegant. To paraphrase
Einstein, a theory should be as simple as possible,



HO He mpomie. [lTtomemeld m00aBIsT AOUIMKIBL K
KPYrOBBIM OpOHUTaM HEOECHBIX TN JJISi TOT0, YTOOBI €ro
MOJIeJIb MOIJIA TOYHO OIMCHIBATh HX JBMOKeHHE. Monenb
MOXHO OBUTO cenath Ooyiee TOUHOW MyTeM H00aBICHHS
SMHUIMKIIOB K JIHIMKIAM, a K HUM €llle SIULMKIOB. XOT
N00aBICHHOE YCIOXKHEHUE MOXKET ClIeNiaTh TeOpHio Oojee
TOYHOM, YYEHBIC PACCMATPUBAIOT MOJICIb, MCKAKCHHYIO
4TOOBI COBIAJATh C OMPEICICHHBIMI HAOIIOICHUSIMU, KaK
HEY/IOBJICTBOPUTEIIbHYIO, OOJIBIIIE MOXOXKYK0 Ha Karajor
JAHHBIX, Y€M Ha TEOPUIO, YIAYHO BOIUIOMIAOIIYIO0 KaKOM-
700 TOJIC3HBIN MPUHIINIL.

B Pazpmene 5 ™Mbl yBHAMM, YTO MHOTHE JIFOOU
paccMaTpUBarOT "'CTAHIAPTHYIO MOJEINb'", ONKCHIBAIOILYIO
B3aUMOJICCTBUSL AJIEMEHTAPHBIX YAaCTHUI[ MPHUPOIBI, Kak
HEJJIETaHTHYIO. JTa MoAens Oonee yaadyHas, 4YeMm
IITonemeeBckue SITUITAKIIEL. Omna npejcKasaa
CyILIECTBOBaHUE HECKOJIBKMX HOBBIX YACTHUIl 0 TOTO Kak
OHM ObuIM OOHAapyXeHbl, U C OOJBIION TOYHOCTHIO
ommucana pe3ylbTaTbl MHOXECTBA JSKCIEPUMEHTOB B
TEUECHHE HECKOJIbKUX necaTuwietuid. Ho oHa coaepkut
TIOKUHBl M3MEHSEMBIX TapaMeTpoOB, YbWU BEIHYUHBI
JIOJDKHBI OBITh CKOpEE YCTaHOBJICHBI, YTOOBI COBIACTH C
HaAOIIOICHUSIMU, UM OTIpE/IeTICHbI CaMOM TeOpHreH.

CoriacHo 4eTBEpTOMY IYHKTY, YUCHBIE BCETIa

but not simpler. Ptolemy added epicycles to the
circular orbits of the heavenly bodies in order that
his model might accurately describe their motion.
The model could have been made more accurate
by adding epicycles to the epicycles, or even
epicycles to those. Though added complexity could
make the model more accurate, scientists view a
model that is contorted to match a specific set of
observations as unsatisfying, more of a catalog of
data than a theory likely to embody any useful
principle.

We'll see in Chapter 5 that many people view
the “standard model,” which describes the
interactions of the elementary particles of nature,
as inelegant. That model is far more successful
than Ptolemy’s epicycles. It predicted the existence
of several new particles before they were observed,
and described the outcome of numerous
experiments over several decades to great
precision. But it contains dozens of adjustable
parameters whose values must be fixed to match
observations, rather than being determined by the
theory itself.

As for the fourth point, scientists are always



BIICYATJICHBl, KOIZa HOBBIE W  OLICJIOMIISIOLINE
npejckasaHus JokasaHbl BepHo. C Jpyroil CTOPOHBI,
Korja oOHapy)KHMBaeTCsl, 4YTO MOJENIb UMEET HEJI0CTaTKH,
OoObIYHasl peakuus — 3TO 3asBUTh, YTO SKCIEPUMEHT
HeBepeH. Eciau He NOKa3bIBaeTCsl 4TO 3TO CIIy4alHOCTD,
JOAU OOBIYHO HE OTKAa3bIBAIOTCS OT MOJICNHU, MBITAsICh
BMECTO 3TOI'0 COXPaHUTh €€ B MOAU(DULIIMPOBAHHOM BHJE.
Xota (U3MKH, HECOMHEHHO, YIIOPHBI B CBOUX HOIBITKAX
CacTM  TEOPHH, KOTOPBIMM  OHM  BOCXHIIAIOTCS,
CTpeMJIEHHE MOJU(PUIUPOBATh TEOPUIO HCUYE3AET, OTYACTU
u3-3a  TOr0  4YTO  MpeoOpa3oBaHMs  CTAHOBSTCA
HEECTECTBEHHBIMU WJIM TPOMO3IKUMHU, U, CIEOBATEIbHO,
HEDJICTaHTHBIMHU.

Ecin Mo T (DUKAIH HEO00XOIUMBIE TUTSE
IPHUCIIOCOOJICHUS]  HOBBIX  HAOJIOJCHUH, CTAHOBSITCS
CIIMIIKOM  TPUYY/UIUBBIMHA, 3TO  CUTHAIU3UPYET O

noTpeOHOCTH B HOBOM Mojenu. OAHUM M3 TPUMEPOB
CTapoil MOJIeNH, KOTOpas YCTYMHJIAa JIOPOTy IOJI BECOM
HOBBIX HAOJII0ICHUH, ObllIa UJIes cTaTHYCCKOM BeelleHHoii.
B 1920-x romax, 0OJBIIMHCTBO (U3MKOB CUUTAIU, UYTO
Bcenennas Obuta cTaTUYHOM, MM HEM3MEHHOTO pa3Mepa.
Torma, B 1929 rony DOnun Xa06n omyOIMKOBajd CBOU
HaOFOJICHUS, MOKa3bIBAIOIINE, 4TO Bcenennas
pactupsiercsi. Ho Xa66s He HenmocpeACTBEHHO HaO01a1
pacuiupenne  Bcemennoit. On  HaOmrogam — CBeT,
M3JIy4aeMbld  TAJIAKTUKAMHU. OTOT CBET  COJACPIKHUT
XapakTEepHbIM NpPU3HAK, WA CIEKTP, OCHOBAHHBIA Ha
COCTaBe KaXkJ0M ralakTHKH,

impressed when new and stunning predictions
prove correct. On the other hand, when a model is
found lacking, a common reaction is to say the
experiment was wrong. If that doesn’t prove to be
the case, people still often don’t abandon the
model but instead attempt to save it through
modifications. Although physicists are indeed
tenacious in their attempts to rescue theories they
admire, the tendency to modify a theory fades to
the degree that the alterations become artificial or
cumbersome, and therefore “inelegant.”

If the modifications needed to accommodate
new observations become too baroque, it signals
the need for a new model. One example of an old
model that gave way under the weight of new
observations was the idea of a static universe. In
the 1920s, most physicists believed that the
universe was static, or unchanging in size. Then,
in 1929, Edwin Hubble published his observations
showing that the universe is expanding. But
Hubble did not directly observe the universe
expanding. He observed the light emitted by
galaxies. That light carries a characteristic
signature, or spectrum, based on each galaxy’s



KOTOPBI HM3MEHSIETCS Ha W3BECTHYIO 3apaHee BEIUYUHY,
€CJIM TaJaKTUKa JIBIXKETCS OTHOCUTEIBHO Hac. To ecTh,
AQHAIM3HUPYS CIEKTP OTIAJICHHBIX TalakTHK, Xa00i Mor
ompeAenuTh HuX ckopoctd. OKHMIOANOCh, YTO OH
OOHapyXHUT CTOJIBKO >K€ NPUOIKAIONUXCS TallaKTHK,
CKOJIbKO W oTaanswomuxcs. Ho Bmecto 3Toro oH
OOHapyXml, YTO BCE TaJlaKTHUKW OTHAIAIOTCA OT Hac,
npuyYeM, 4eM Jalbllle OHU PACIOJIOKEHBI, TeM ObICTpee
OHM OTAANSOTCA. Xab0n moarBepawi, 4yto Bceenennas
pacmmpsieTcsi, HO JPYyrue, WBITAsACh TMPUACPKUBATHCS
pPaHHHUX MOJIEJIeH, MBITATUCH OOBSCHUTH €r0 HAOIIOACHHUS
B KOHTEKCTE Teopuu cratnueckor Beenennoi. Hanpumep,
Opurg LBukwu, (10763703 u3 KaJM(pOpHUICKOTO
TEXHOJOTHYECKOTO HMHCTUTYTA, MPEAMOJIOKHII, YTO II0
KaKOW-TO HEU3BECTHON MPUUYUHE CBET MOXKET TEPATH CBOIO
SHEPTHUI0 TIPHU MPOXOKICHHH OTPOMHBIX PACCTOSHUH. ITO
YMEHbBIIIEHUE  OSHEPrUU  COOTBETCTBYET  H3MEHEHUIO
CBETOBOTO CIIEKTpa, YTO MO MHeHHWI0 [[BUKM MOXer
00BsicHUTH HabmoaeHNs Xa00ma. B Teuenue necaruneTuii
nocie ucciaeAoBaHUi Xab0na ydeHble MPOJOIDKAIH

NPUIEPKUBATECA  TEOPUHM  CTAaOWJIBHOTO  Pa3BHUTHSL.
HecmoTtps Ha 31O, Teopus pacmmpsromerics Bceenennoi,
MOATBEPKICHHAS Xabbmom, CTAHOBUTCS
001IeNTPU3HAHHOM.

B Hamnx mouckax 3aKOHOB, YHIpaBJIAOIIUX

composition, which changes by a known amount if
the galaxy is moving relative to us. Therefore, by
analyzing the spectra of distant galaxies, Hubble
was able to determine their velocities. He had
expected to find as many galaxies moving away
from us as moving toward us. Instead he found
that nearly all galaxies were moving away from us,
and the farther away they were, the faster they
were moving. Hubble concluded that the universe
is expanding, but others, trying to hold on to the
earier model, attempted to explain his
observations within the context of the static
universe. For example, Caltech physicist Fritz
Zwicky suggested that for some yet unknown
reason light might slowly lose energy as it travels
great distances. This decrease in energy would
correspond to a change in the light's spectrum,
which Zwicky suggested could mimic Hubble's
observations. For decades after Hubble, many
scientists continued to hold on to the steady-state
theory. But the most natural model was Hubble’s,
that of an expanding universe, and it has come to
be the accepted one.

In our quest to find the laws that govern the



Bcenennoit Obut chOpMHUpPOBAHBI TEOPUM, WIIA MOJIEINH,
TakuMe Kak 4YeTbIpexdjeMeHTHas Tteopus, lltonemeesa
Teopusi, Teopus (aorucrona, Teopust boabioro B3psisa,
u T.1. C KaxI0i HOBOM Teopuel WIM MOJEIBIO HalIU
IpPEICTAaBICHNUS O PEAIbHOCTH U O (PYyHIAaMEHTAIbHBIX
cocraBisiromux BeeneHHolt m3menwnucs.  Hampumep,
paccMOTPUM TEOPHUIO CTpOEcHMs cBeTa. HproTOH mosarai,
YTO CBET COCTOUT U3 MAJICHBbKUX YACTHI] WIA KOPIIYCKYII.
310 00BACHUIO OB, IOYEMY CBET PaclpOCTPaHSAETCs IO
npsiMod, M HbIOTOH Takke HCHOJIb30Bal 3TO, YTOOBI
OOBSICHUTD, T0YEMY CBET OTKJIOHSETCS MM OTpa)kaercs,
KOrZla OH IIPOXOJWUT W3 OIHOM cpeipl K Jpyrou, Kak,
HaIpuMep, U3 BO3/1yXa K CTEKIIy, WIH U3 BO3/lyXa B BOLY.

universe we have formulated a number of theories
or models, such as the four-element theory, the
Ptolemaic model, the phlogiston theory, the big
bang theory, and so on. With each theory or
model, our concepts of reality and of the
fundamental constituents of the universe have
changed. For example, consider the theory of
light. Newton thought that light was made up of
little particles or corpuscles. This would explain
why light travels in straight lines, and Newton also
used it to explain why light is bent or refracted
when it passes from one medium to another, such
as from air to glass or air to water.



Pe(l)palcuml. HrroTonoBckas MOZCJIb CBETA MOXET O6’L$ICHI/ITI>,
OoYEMY CBET HPCIIOMIIACTCA, IPOXOAs U3 O,I[HOI>'I Cpeabl B ApYryro, HO
OHA HE MOXKET OOBIACHATH APYTroe€ ABJICHUC, KOTOPOC MbI ceifgac
Ha3bIBa€M KOJIbIIaMH HrroTona.

He cmotps Ha 3T0, KOpPIyCKYJIsIpHask TEOPUS HE CMOTJIA
OO0BSICHUTH yBUJEHHBII HbIOTOHOM (peHOMEH, M3BECTHBII
kak Kpyru Hprorona. Ilosmoxure JHMH3Yy Ha INTOCKYIO
OTPAXKAIOLLYIO0 ITOBEPXHOCTh U OCBETUTE €€ OJHOLBETHBIM
JAy4oM, TakMM Kak HaTpueBbli Jyd. CMOTpst cBepxy
MO>KHO YBUJETb HECKOJIBKO CBETIBIX U TEMHBIX KOJIELL,
PacCIIOJIOKEHHBIX B

Refraction Newton's model of light could explain why light bent when it
passed from one medium to another, but it could not explain another
phenomenon we now call Newton’s rings.

The corpuscle theory could not, however, be
used to explain a phenomenon that Newton
himself observed, which is known as Newton’s
rings. Place a lens on a flat reflecting plate and
illuminate it with light of a single color, such as a
sodium light. Looking down from above, one will
see a series of light and dark rings centered on



MECTE€ CONPUKOCHOBEHMSI JHMH3BI M MMOBEPXHOCTU. ITO
CJIO)KHO OOBSICHUTH, UCTIONB3YSI TEOPHUIO CBETA, HO MOXKHO
pPaccMOTpPETh, UCIOJIB3YS BOJHOBYIO TEOPHIO.

CornacHo BOJIHOBOM TEOPHH, MOSBIECHUE CBETIIBIX U
TEMHBIX KOJIEI] BbI3BAHO (DEHOMEHOM HAa3bIBAIOIIMMCS
uHtepdepenimend. Jlrobas BonHA, Tak e Kak BOJSHAS
BOJIHA, COCTOUT U3 cepuu rpebHeit m BnaauH. Eciu npu
CTOJIKHOBEHUHU BOJIH I'peOHU U BIAJMHBI COBIIAJIAlOT, OHU
YCWJIMBAIOT JpPYr Apyra, CIMBasChb B BOJHY OOJBIIETO
pasmepa. 210 Ha3bIBACTCS yCHJIMBAIOIIEH
unTepdepenmyeil. B Takom cirydae roBopsAT 4yTO BOJHBI "B
¢daze". B NpPOTHBOIOIIOKHOM cllydae, KOTJAa BOJHBI
CTOJIKHYTCSI, TpeOeHb OJIHOM BOJHBI MOXKET COBHIACTh C
BMAJMHON APYroil BOJIHBL. Toraa OHM racst ApPYyr JIpyra,
nomanaoT "He B Qazy". OTta curyalnus Ha3bIBaeTcs
racsiei HTepdepeHITHCH.

Ha xpyrax HplooTOHa cBeTjble KOJbLA HaXOIATCSA Ha
OTIPEJIETICHHBIX PACCTOSHUAX OT LIEHTPa JUH3bI, T/Ie JIMH3a
U OTPAXKAWIIAsl IUIOCKOCTh OTJAJ€HBbl TaK, YTO BOJIHA
OTpaXEHHass OT JIMH3bI, OTJIWYAETCS OT  BOJHBI
OTPaXEHHOHN IJIOCKOCThI0 Ha memoe(l, 2, 3, ..) uwucio
JUIMH BOJIH, CO3/1aBasi, TaKUM OOpa3oM, YCHUIIMBAIOIIYIO
unTepdepenmyio. (J{arHa BOIHBI - 3TO PacCTOSTHUE MEXKIY
rpeOHSIMH WJIM BIaJMHAMH

where the lens touches the surface. This would be
difficult to explain with the particle theory of light,
but it can be accounted for in the wave theory.

According to the wave theory of light, the light
and dark rings are caused by a phenomenon called
interference. A wave, such as a water wave,
consists of a series of crests and troughs. When
waves collide, if those crests and troughs happen
to correspond, they reinforce each other, yielding
a larger wave. That is called constructive
interference. In that case the waves are said to be
“in phase.” At the other extreme, when the waves
meet, the crests of one wave might coincide with
the troughs of the other. In that case the waves
cancel each other and are said to be “out of phase.”
That situation is called destructive interference.

In Newton’s rings the bright rings are located at
distances from the center where the separation
between the lens and the reflecting plate is such
that the wave reflected from the lens differs from
the wave reflected from the plate by an integral (1,
2, 3,..) number of wavelengths, creating
constructive interference. (A wavelength is the
distance between one crest or trough of a wave



cocenHnx BojiH.) C Ipyrol CTOPOHBI, TEMHBIE KOJIbIIA
pacIoyioXeHbl Ha TaKUX PACCTOSHUSAX OT IEHTpa, e
pasHUIAa MEXAY JBYMs OTPaXCHHBIMH BOJHAMH pPaBHA
noayuenomy (1/2, 1 1/2, 2 1/2,...) unciny AAUH BOJIH, YTO
CO3/1a€T racsilyr0 HHTEp(EpPEeHIUIO - BOJIHA, OTPAKECHHAS
OT JIMH3BI TACUT BOJIHY, OTPAKEHHYIO OT IIJIOCKOCTH.

and the next.) The dark rings, on the other hand,
are located at distances from the center where the
separation between the two reflected waves is a
half-integral (Y2, 1%2, 2%,...) number of
wavelengths, causing destructive interference—
the wave reflected from the lens cancels the wave
reflected from the plate.
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HNuTepdepenmus. [Togo0HO TrOIM, KOTIa BOJIHBI BCTPEYAOTCS,
OHHM MOT'YT YBEJIMUMBATh UM YMEHBIIATH APYT Apyra.

Interference like people, when waves meet they con tend to either
enhonce or diminish each other.




B JIEeBATHAALATOM BEKE 3TO MIOCITYKHJIO
JI0Ka3aTeIbCTBOM BOJIHOBOM TEOpPUU CBETa, IMOKa3bIBaf,
YTO KOPIYCKyJsipHas Teopusi Obula HeBepHa. Tem He
MeHee, B Hayajie ABaAIlaTOr0 BeKa ODWHINTSHH ITOKa3al,
yto (oTodnekTpuueckuid dpdekr (KOTophlid cerdac
UCIIONIB3YETCSI B TEJNEBUACHUUM M LU(POBBIX Kamepax)
MO>KHO OOBSICHUTH TE€M, YTO YAaCTHIIA WM KBaHT CBETa
ynapsiercst 00 aToM, BbIOMBas IPU ATOM 3JIEKTPOH. Takum
0o0pa3oM, CBET HMMEET CBOWCTBA KaK YaCTHUIbI, TaK H
BOJIHBI.

Konnenmust BOJNH, BO3MOXHO, TaK MPOYHO BOILIA B
CO3HAHME M3-32 TOTO, YTO JIFOJAM MOTJIHM HaOI0AaTh OKEaH
WIH JIy)XKy, Korja B He€ OpocaroT kaMeHb. DaKTHYECKH,
€CJIM Bbl KOrJia-HUOyas Opocany /1Ba KaMHS B JIY)XKY, BBI
BO3MOXXHO HaOromamy HHTEp(HEpPEeHIUI0 B ACUCTBUH, KaK
Ha WJUTIOCTpPAIUM BhIIIE. J[pyrue KHIKOCTH BEIyT ceds
TakUM k€ o00pa3oM, Kpome, pa3Be 4YTO, BHUHA, ECJIH
BBIMBETE €r0 CIUIIKOM MHOTo. KoprmyckymnsipHas Teopus
OblTa CpPOJHU KaMHSM, Tajlbke © Tiecky. Ho artot
KOPITYCKYJIIPHO-BOJTHOBOM Jyanu3M - UAes O TOM, 4TO
00BEKT MOKET OBITH OMKCAH U KaK YacTHIIA, U KaK BOJIHA -
Yy A7 TOBCEIHEBHOTO OMbITA, KaK HJAES O TOM, UTO
MO>KHO BBITTUTH KYCOK ITECYAHHKA.

In the nineteenth century, this was taken as
confirming the wave theory of light and showing
that the particle theory was wrong. However, early
in the twentieth century Einstein showed that the
photoelectric effect (now used in television and
digital cameras) could be explained by a particle or
quantum of light striking an atom and knocking
out an electron. Thus light behaves as both
particle and wave.

The concept of waves probably entered human
thought because people watched the ocean, or a
puddle after a pebble fell into it. In fact, if you have
ever dropped two pebbles into a puddle, you have
probably seen interference at work, as in the
picture above. Other liquids were observed to
behave in a similar fashion, except perhaps wine if
you've had too much. The idea of particles was
familiar from rocks, pebbles, and sand. But this
wave/particle duality—the idea that an object
could be described as either a particle or a wave—is
as foreign to everyday experience as is the idea
that you can drink a chunk of sandstone.



Hurepdepennuns B ayxe. [lorsTie naTepdepeHnn
0OHapy>KMBaeTCsI B IOBCEJHEBHOM JKM3HM B BOJIOEMaX, OT JIyXK JI0

OKCaHOB.

Takue NBOWCTBEHHOCTH - CHUTYallMU, B KOTOPBIX JIBE
pa3HbIE TEOPUHU C TOYHOCTHIO OIMCHIBAIOT OJIMH U TOT XKE
(beHOMEH -  COTJIaCylOTCSI C  MOJICIEe3aBUCHMBIM
peanru3sMoM. Kaxmas Teopust MOXKET OIMCcaTh
ONPEAEIICHHBIE CBOWCTBA, HO HU OJHA HE MOXET CHEaTh
3TO TOYHEE WIM peallbHee ueMm npyras. KacartenbHo
3aKOHOB, YIPaBISIIOIKUX BeeneHHou,
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Puddle Interference The concept of interference shows up in everyday life
in bodies of water, from puddles to oceans.

Dualities like this—situations in which two very
different theories accurately describe the same
phenomenon—are consistent with model-
dependent realism. Each theory can describe and
explain certain properties, and neither theory can
be said to be better or more real than the other.
Regarding the laws that govern the universe, what



MOXHO CKa3aThb BOT YTO: MOXOXE, HE CYIIECTBYET OJHOMI
MaTeMaTU4YeCKOW MOJIETM WK TEOPUH, KOTOpasi Morjia Obl
ommcaTrh Kaxkaeli acrekT Bcemennoii. BMecTto 3TOoro kxak
YIOOMSIHYTO BO BBOJHOM I'J1aBE€, KAXKETCs, €CTh CETh TEOPHIL
non Ha3zBanueM M. teopuu. Kaxmas teopus B cetu M.
TEOpUH CHOCOOHA OMUCHIBATH SBICHUS B Mpeaenax
OTpeIeJICHHOTO auana3oHa. ['1e Obl HU MepeceKanch uX
00J1aCTH, pa3IMYHbIE TEOPUU B CETU COOTBETCTBYIOT JAPYT
JIpyry, IMO3TOMY HX MOXXHO Ha3BaThb YacTAMH OIHOM
teopur. Ho HM onHA oTHenbHAs TEOpUsS BHYTPHU CETH HE
MOJKET OIHCcaTh KaXKJIoro acriekra BceneHHOMN - Bce CHIIBI
MPUPOJBI, YACTHIIBI, CO3JAIOLIUE 3TH CHUJIbI, CTPOCHHUE
BPEMEHU U MPOCTPAHCTBA, IJI€ BCE 3TO MPOUCXOAUT. XOTs
Ta CHUTyalMsl TEPEeUEPKUBACT MEUTY TPATULIMOHHBIX
GU3MKOB O €IWHCTBEHHOH €IWHOH TEOPHH, TaKoe
NpUeMJIeMO JIMIIb B paMKaxX MOJEIbHO-3aBUCUMOTO
peanuszMa.

Mpe1 OyneM oOcyxaTh AyanbHOCTh U M-Teopuio B 5
[J1aBe, HO TIepe]l STUM Mbl BepHEMCS K PyHIaMEHTAIbHBIM
MPUHIIMIIAM, Ha KOTOPBIX OCHOBAH HAaIll COBPEMEHHBIN
B3IJISAJl HAa MPUPOJY: KBAaHTOBAasi TEOpPHUs, U B YaCTHOCTH,
MOAXO0J K KBaHTOBOM TEOPUU Ha3BaH aIbTEPHATHBHBIMU
uctopusimu. C mogo0OHOM Touku 3peHus, Beenennas

we can say is this: There seems to be no single
mathematical model or theory that can describe
every aspect of the universe. Instead, as
mentioned in the opening chapter, there seems to
be the network of theories called M-theory. Each
theory in the M-theory network is good at
describing phenomena within a certain range.
Wherever their ranges overlap, the wvarious
theories in the network agree, so they can all be
said to be parts of the same theory. But no single
theory within the network can describe every
aspect of the universe—all the forces of nature, the
particles that feel those forces, and the framework
of space and time in which it all plays out. Though
this situation does not fulfill the traditional
physicists’ dream of a single unified theory, it is
acceptable within the framework of model-
dependent realism.

We will discuss duality and M-theory further in
Chapter 5, but before that we turn to a
fundamental principle upon which our modern
view of nature is based: quantum theory, and in
particular, the approach to quantum theory called
alternative histories. In that view, the universe



HE MMEET COBEPIIEHHO OTAEIBHOIO CYILECTBOBAHUS WIIH
HUCTOPUM, HO CKOpEe, KaXIble BO3MOXXHBIC BapUaHTHI
BcenenHoli  CymiecTBYXOT  OZHOBPEMEHHO B Tak
Ha3bIBAEMOW KBAaHTOBOM CYNEPHO3ULUU. ITO MOXKET
3By4aThb TaK)K€ BO3MYTUTENBHO, KaK U TEOPHs, B KOTOPOU
CTOJI MCYE3AET KAXK/BIM pa3 I0CiIe TOro KaKk Mbl ITIOKHIaeM
KOMHaTy, HO B OJTOM ClIy4ae TEOpUs IpolIa BCe
IKCIIEPUMEHTAJIbHbIE MPOBEPKH, KOTOPBIM €€ KOrjaa-iuoo
IIOJIBEPTaJIN.

does not have just a single existence or history,
but rather every possible version of the universe
exists simultaneously in what is called a quantum
superposition. That may sound as outrageous as
the theory in which the table disappears whenever
we leave the room, but in this case the theory has
passed every experimental test to which it has ever
been subjected.
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B 1999 r. KOMAHJJA ®U3MKOB B ABcTpuun

BBIITYCTHJIA IIy4OK IIApOOOpa3HbIX, Kak (yTOOIbHBIC
MST9H, MOJICKYJI B HANpPaBJICHUU JKpaHa. ITHU MOJCKYIIbI,
Kaxzaas u3 60 aromMoB yriepoja, WHOTJAa Ha3bIBAIOT
0akkuOOIIIC - MM bakku, MOTOMY YTO apXHUTEKTOP
bakmuncrep ®@ymiep CTpows 3[aHUSI HWMEHHO TaKOM
dopmel.  ['eomesmyeckune kymona Dymiepa  ObutH,
BEPOATHO, CaMbIMU  OONBIIMMH  CYIIECTBYIOIIMMHU
oObekTaMu (opMbl PyTOOTBHOTO MsYa. A OaKuUOOIBI -
CaMbIMHU MaJICHbKUMHU. DKpaH, B HaIPaBJICHUU KOTOPOTO
NPHUIETIIACE yUEHble, (AKTHUECKH HWMEN JIMIIh JIBE
MpOpe3u, CKBO3b KOTOpPbIe OaKMOOJBbI M MOTJIU MPOJIETETh.
3a cTeHOM, (PU3MKK PACHOJIOKWIM aHAJIOTHYHBIA SKpaH
JUTsE OOHAPY>KEHUS U TOJICUETA MOSBISIONUXCSI MOIEKYII.

IN 1000 A TEAM OF PHYSICISTS in Austria
fired a series of soccer-ball-shaped molecules
toward a barrier. Those molecules, each made of
sixty carbon atoms, are sometimes called
buckyballs because the architect Buckminster
Fuller built buildings of that shape. Fuller’s
geodesic domes were probably the largest
soccer-ball-shaped objects in existence. The
buckyballs were the smallest. The barrier toward
which the scientists took their aim had, in effect,
two slits through which the buckyballs could pass.
Beyond the wall, the physicists situated the
equivalent of a screen to detect and count the
emergent molecules.



Bakn6oas1. baknboss! kak MUKpockonndyeckue (yTOOBHBIE MSH,
ClIeNIaHHbIe U3 aTOMOB YIJIEpOa.

3agaiicis MBI LEIBI0  IIOCTAaBUTh  AHAJIOTMYHBIN
9KCIIEPUMEHT, UCIIONb3ys HacTosmue (GpyTOoNbHbIE MSYH,
HaM Obl TIOHATOOWJICSI UTPOK C HECKOJBKO '"COUTBHIM
MpULETIoM", HO CIIOCOOHBIM BBINOJHATH yIapbl MO M4y
PUTMHUYHO, C 3aJIaHHON CKOPOCTHIO. MBI OBl MOCTABHIIN
3TOT0 WIpoOKa Mepell CTeHKOH, B KOTOPOW €CTh JIBa
orBepctusi. C 00paTHON CTOPOHBI CTECHBI, MAPAIICIIEHO €,
MBI OBl pa3MecTWIM OOJBIIMX pPa3MEpPOB  CETKY.
BonpmuHCTBO ymapoB Hamero Wrpoka momaino Obl B
CTCHKY

Buckyballs Buckyballs are like microscopic soccer balls made of carbon
atoms.

If we were to set up an analogous experiment
with real soccer balls, we would need a player with
somewhat shaky aim but with the ability to launch
the balls consistently at a speed of our choosing.
We would position this player before a wall in
which there are two gaps. On the far side of the
wall, and parallel to it, we would place a very long
net. Most of the player’s shots would hit the wall



U OTCKOYMJIO, HO HEKOTOpbIE MPONUTH Obl JHOO CKBO3b
nepBoe OTBEPCTHE WMJIM CKBO3b BTOPOE M MOMajid OBl B
cerb. Ecnu numamerp orBepcTuss B cTeHEe ObUI JIMIIb
HEMHOTO OOJIbIIIE Ms4a, JBa OYEHb Y3KHUX MapaylIelbHBIX
IIOTOKA MOSIBMIIMCH Obl Ha Jpyroi e€ cropone. Ecim xe
OTBEpCTUS OBUTM YyTh IINPE,- KAKABIN MOTOK pa3oiaércs
HEOOJIBIIMM BEepOM, KaK [TOKa3aHO Ha PUCYHKE HUXKE.
3aMeTUM, 4YTO €CJIM Mbl 3aKpOEM OJIHO U3 OTBEpCTUM
COOTBETCTBYIOLMI MMOTOK MsYel CKBO3b HEro OoJjbllie HE
poiIET, HO HA JIPYTOH MOTOK 3TO HUKAKOTo 3ddekra He
okaxkeT. Eciim Mbl CHOBa OTKpPOEM BTOPOM NPOMEKYTOK,
3TO TOJIBKO YBEJIUYUT KOJIMYECTBO Msyei,
NPU3EMIIMBIIUXCS B JIFOOON JaHHON TOYKE C JPYyroi
CTOPOHBI, IJIE Mbl IOJIy4YUM BCE€ MSUYM U3 INPOMEXKYTKa,
OCTaBaBILErOCs OTKPBITHIM, IUIIOC MSYU M3 IPOMEXKYTKA
KOTOPBI TOJIBKO OTKpBUIA. JIpyrMMH CIIOBaMH, TO, 4YTO
Mbl HaOmonaeMm, Korja o0a NpOMEeXyTKa OTKpPBITHI,
ABJIIETCS CYMMOW TOTO, YTO Mbl HaOJIOJaeM C KaXJbIM
IIPOMEXYTKOM B CTE€HE, OTKPBITHIM 10 OTAEIBHOCTU. JTO -
peaIbHOCTh, K KOTOPON MBI IPUBBIKIN B IOBCEAHEBHOMN
xu3HU. Ho 3TO He TO, 4TO OOHapyX WM aBCTpUHCKUE
UCCJIEIOBATENH, KOT/1a OHU 3aIyCTUJIM CBOU MOJIEKYJIBI.

and bounce back, but some would go through one
gap or the other, and into the net. If the gaps were
only slightly larger than the balls, two highly
collimated streams would emerge on the other
side. If the gaps were a bit wider than that, each
stream would fan out a little, as shown in the
figure below.

Notice that if we closed off one of the gaps, the
corresponding stream of balls would no longer get
through, but this would have no effect on the
other stream. If we reopened the second gap, that
would only increase the number of balls that land
at any given point on the other side, for we would
then get all the balls that passed through the gap
that had remained open, plus other balls coming
from the newly opened gap. What we observe with
both gaps open, in other words, is the sum of what
we observe with each gap in the wall separately
opened. That is the reality we are accustomed to in
everyday life. But that's not what the Austrian
researchers found when they fired their
molecules.



JByxmenesoi ®yr6o.. VIrpok, mochkuIalomuil MsiUU B CTEHY CO
HIENSIMH, IPOU3BEJT Obl OYEBUIHBIN PE3yJIbTaT.

B aBcTpuiicKOM 3KCIIEpUMEHTE, OTKPBIBAHHE BTOPOTO
IPOMEXYTKAa  JEHCTBUTEIBHO  yBEIMYMBAIO  YHCIIO
MOJIEKYJI, JOCTHIIIMX OJKpaHa B OJHHMX TOYKaX, HO
COKpAIllaJI0 UX YHUCIO B APYIMX, KaK Ha PUCYHKE HHUXKE.
dakTHueCcKH, Koraa 00a MpoOMeXyTKa ObLIM OTKPBITHIMH,
ObUIM MATHA, TJIe HUKaKUe MAYM He MPU3EMIIIIINCH, HO TJe
HIapbl MPU3EMIISUIACH, KOT/Ia OBUI OTKPBIT TOJNBKO OJIUH
WM APYTOM MPOMEXYTOK. ITO KaKETCSI OUEHb CTPAHHBIM.
Kax moxer

Two-Slit Soccer A soccer player kicking balls ot slits in a wall would
produce an obvious pattern.

In the Austrian experiment, opening the second
gap did indeed increase the number of molecules
arriving at some points on the screen—but it
decreased the number at others, as in the figure
below. In fact, there were spots where no
buckyballs landed when both slits were open but
where balls did land when only one or the other
gap was open. That seems very odd. How can



OTKPBITHE BTOPOT'O MPOMEXKYTKA CIY>KUTh IPUYUHON TOTO,
YTO KAKUX-TO TOYEK JOCTUTIIO MEHbIIIEE YUCIO MOJICKYJI?

Hrpa Baku6oaamu. Koraa mieneBoit s5kpan o0CTpenuBaeTcs
6aknbosaMH, pe3ysbTaT OTPaKaeT HE3HAKOMBIE KBAaHTOBBIE 3((EKTHI.

MBI MOX€M MONY4YuTh KIIOY K pasrajgke OTBETa,
uccienys IeTald. B skcepuMeHTe MHOIO MOJIEKYJISIPHBIX
(yTOOMBHBIX ~ MSYEH ~— OpU3EMJBUTMCh B TOYKY,
PACIIOJIOKEHHYIO Ha IOJIIYTH OT MECTa, B KOTOPOE BbI
OKHJAJIHA, YTO OHU IPU3EMIIATCS, €CIU MPOUAYT U CKBO3b
IIEpBbII, U CKBO3b BTOPOH MPOMEXYTOK. UyTh nambuie
LEHTPATBHON O3ULINHT

opening a second gap cause fewer molecules to
arrive at certain points?

Buckyball Soccer When molecular soccer balls are fired at slits in a
screen, the resulting pattern reflects unfamiliar quantum laws.

We can get a clue to the answer by examining
the details. In the experiment, many of the
molecular soccer balls landed at a spot centered
halfway between where you would expect them to
land if the balls went through either one gap or the
other. A little farther out from that central position



INPU3EMJIUIOCh OY€Hb Mal0 MOJIEKYJ, HO €Illeé HEMHOIO
Janplie  OT LEHTpa CHOBa HaOMIONANOCh MaJeHUE
MOJIEKYJ. DJTa MOJEJb HE SABISETCI CYMMOM MOJIEJIEH,
00pa30oBaHHBIX, KOIZla KaXIblil IMPOMEXYTOK OTKPHIT
OTJENIbHO, HO Bbl MOXKeTe y3HaTb ee B Paznene 3 kak
oOpasen; XapakTepUCTUKA HUHTEPPEPUPYIOIIUX  BOJH.
VYuacTku, riae  He  NPU3EeMIWINCh  MOJEKYIbI,
COOTBETCTBYIOT  O0lacTAM, B  KOTOPBIX  BOJIHBI,
BBINYILEHHBIE U3 JIBYX IPOMEXYTKOB, COLIUIUCH HE B (ase,
U CO3JANM TacAUlyl0 HMHTEPPEpPEHINIO; YYaCTKH, TJIe
IPU3EMIIMIIOCh MHOT'O MOJIEKYJ, OTHOCSTCS K 00JacTsM,
I7I€ BOJHBI Iomaiu B a3y, co37aB YCHUIMBAIOLIYIO
UHTEPPEPEHITUIO.

B TedeHne nByX TBICAYENETHA HAYYHOW MBICIIH,
OOBIYHBIA ~ ONBIT M HMHTYUIUS  OBUIM  OCHOBOM
TeopeTudeckoro o6ocHoBaHMs. COBEpUIEHCTBYS HalIH
TEXHOJIOTUM U PACHIMpsis KPyr (PEHOMEHOB, KOTOpPBIE MbI
MOKE€M HaOI0JaTh, Mbl HauWHaeM OOHApYXHUBaThb YTO
npupoia BeleT ceds TakuM o00pa3oM, KOTOpBIA Bce
MEHBIIIE U MEHBIIIE COTJIACYeTCsl C HAIUM KaXKJ0JHEBHBIM
ONBITOM W TIPOTUBOPEYMUT HAIIEH HHTYULUU, O YEM
CBUJICTEIILCTBYET OKCIEPUMEHT C (yUIepeHOM. ITOT
SKCHEPUMEHT SBISETCS TUIMYHBIM M3 BHUJA (PEHOMEHOB,
KOTOpBIE HeNb351 O0BSICHUTH KJIIACCUYECKON HAyKOM,

very few molecules arrived, but a bit farther away
from the center than that, molecules were again
observed to arrive. This pattern is not the sum of
the patterns formed when each gap is opened
separately, but you may recognize it from Chapter
3 as the pattern characteristic of interfering waves.
The areas where no molecules arrive correspond
to regions in which waves emitted from the two
gaps arrive out of phase, and create destructive
interference; the areas where many molecules
arrive correspond to regions where the waves
arrive  in  phase, and create constructive
interference.

In the first two thousand or so years of
scientific thought, ordinary experience and
intuition were the basis for theoretical
explanation. As we improved our technology and
expanded the range of phenomena that we could
observe, we began to find nature behaving in ways
that were less and less in line with our evervday
experience and hence with our intuition, as
evidenced by the experiment with buckyballs. That
experiment is typical of the type of phenomena
that cannot be encompassed by classical science



HO MOJKHO OIKCAaTh TEM, 4YTO HAa3bIBACTCA KBAHTOBOU
¢usukoil. Kak nmucan Puuapn deiiHmaH, 3KCIEpUMEHT ¢
JIBYMsI OTBEPCTUSIMH, ONMCAHHBIN BBIIIE, "CONEPKUT BCIO
TallHy KBAaHTOBOW MEXaHUKH".

[TpuHUIMOBl KBAaHTOBOM (M3MKKM ObUIM PACKPBITHL B
IIEPBBIC JCCATUIIETUS IBAJLATOTO BEKA, IOCIE TOrO Kak
HpI0TOHOBCKOM TEOpHM OKa3ajloChb HENOCTATOYHO JUIS
ONKCAHMs TPHUPOJBI Ha ATOMHOM - HJIM CyOaTOMHOM -
ypoBHe. DyHIaMEHTaIbHBIE TEOPUH (PU3UKU OINHUCHIBAIOT
CUJIBI MPUPOJBL, U KaK OOBEKTHl UM MPOTHBOJEHCTBYIOT.
Knaccuueckue teopum (Hampumep, Teopus Hprorona)
IIOCTPOEHBI HA OCHOBE OTPAKEHUSI KX JOJHEBHOIO OIIBITA,
B KOTOpPOM MaTepHuajibHbleé OOBEKTbl YHUKAJbHbBI, OHH
MOTYT  HaxOOUTbCA B  ONPEIEICHHBIX  MECTax,
IepEMENIaTbCsl  ONPEACIECHHBIMA TPACKTOPUAMU M  T.J.
KBanroBast ¢u3uMka TOMOraeT TMOHSATh, KaK 3aKOHBI
OpUPOBI PabOTAIOT HA aTOMHBIX M CyOaTOMHBIX YPOBHSIX,
HO Kak Mbl YyBUAUM I03ke OoJyiee JAeTaabHO, OHAa
IPEJIaracT  COBEPIICHHO JPYIyK0  KOHIENTYaJIbHYIO
CXeMy, TIpd KOTOpPOH TIOJIO)KEHHE OOBEKTa, €ro
TPAaEeKTOpUS M Jake ero Inpouuioe u Oyayiiee TOYHO He
omnpeneneHo. KBaHTOBBIE TEOpHHM CWJI, TakMX Kak
IPaBUTALOHHBIE WX YIEKTPOMArHUTHBIE,

but are described by what is called quantum
physics. In fact, Richard Feynman wrote that the
double-slit experiment like the one we described
above “contains all the mystery of quantum
mechanics.”

The principles of quantum physics were
developed in the first few decades of the twentieth
century after Newtonian theory was found to be
inadequate for the description of nature on the
atomic—or subatomic—level. The fundamental
theories of physics describe the forces of nature
and how objects react to them. Classical theories
such as Newton’s are built upon a framework
reflecting everyday experience, in which material
objects have an individual existence, can be
located at definite locations, follow definite paths,
and so on. Quantum physics provides a framework
for understanding how nature operates on atomic
and subatomic scales, but as we’ll see in more
detail later, it dictates a completely different
conceptual schema, one in which an object’s
position, path, and even its past and future are not
precisely determined. Quantum theories of forces
such as gravity or the electromagnetic force are



IIOCTPOEHBI Ha OCHOBE ITHUX MOJI0KEHUI.

MoryT 11 TE€OpUH, OCTPOSHHBIE HA OCHOBAX Uy KJbIX
IIOBCEJJHEBHOMY OIIBITY TaK K€ OOBSICHATh COOBITHS
OOBIICHHOTO OIIbITA, KOTOpPble OBLTM CMOAEITHPOBAHBI C
TaKOM TOYHOCTBIO KJIACCHYECKOW ¢u3ukon? Moryr,
IIOCKOJIBKY MBI M Hallla OKpYXarolllas cpeia - COCTaBHbIE
CTPYKTYpBI, CIEJIaHHblE U3 HEBOOOpa3uMo OOJIBILIOrO
Ypciaa aToMoOB, OOJBIIETO KOJHYECTBA AaTOMOB, YeM
CylIecTByeT 3Be3ll B Buaumon Bcenennoit. M xots
COCTaBJSIIOLIME  aTOMbl  IMOAYMHAIOTCA  MPUHIMIIAM
KBAaHTOBOM (DU3MKH, MOXHO MPOJEMOHCTPUPOBATh, 4YTO
Oonpme ckorieHus, popmupyomue GpyrdoibHbIe MsUH,
peny M a’poOychl - M Hac - JEWCTBUTENBHO OYyAyT
YXUTPATHCS n30erath IUQparupoBaHUsl 4yepe3 pa3pesbl.
[TooTOMy, XOTS KOMIIOHEHTHI IOBCEJIHEBHBIX OOBEKTOB
NOBUHYIOTCS KBaHTOBOM (u3uKe, 3akoHbl HbroToHa
co31atloT 3()(PEeKTUBHYIO TEOpHI0, KOTOpas OYeHb TOYHO
ONMCHIBAET, Kak BEAYT ce0sl COCTaBHbIE CTPYKTYpBHI,
o0pa3yroliye Halll TOBCEAHEBHBIN MUP.

Orto Morio Obl 3By4yaThb CTpPaHHO, HO B HayKe €CTh
MHOXECTBO NPHUMEPOB, B KOTOPBHIX OOJIBIIOE CKOIUICHHUE,
Ka)KeTcsl, BeleT ce0sl, B HEKOTOPOM CTENeHU, OTIUYHO OT
NOBEJICHUSI €ro OTACIBHBIX KOMIIOHEHTOB. Peakuus
OJIHOTO HEWpOHa eBa JIM MPEJICKAKET PEaKIHuio
4eJI0BEYECKOI0 MO3Ia, PABHO KaK U 3HAHHE

built within that framework.

Can theories built upon a framework so foreign
to everyday experience also explain the events of
ordinary experience that were modeled so
accurately by classical physics? They can, for we
and our surroundings are composite structures,
made of an unimaginably large number of atoms,
more atoms than there are stars in the observable
universe. And though the component atoms obey
the principles of quantum physics, one can show
that the large assemblages that form soccer balls,
turnips, and jumbo jets—and us—will indeed
manage to avoid diffracting through slits. So
though the components of everyday objects obey
quantum physics, Newton’s laws form an effective
theory that describes very accurately how the
composite structures that form our everyday world
behave.

That might sound strange, but there are many
instances in science in which a large assemblage
appears to behave in a manner that is different
from the behavior of its individual components.
The responses of a single neuron hardly portend
those of the human brain, nor does knowing



O MOJIEKYJIE BOJbI HE MHOTO TOBOPHUT BaM O IIOBEACHHH
o3epa. B ciyuae kBaHTOBOW (pU3WKH, y4eHBIC BCE €IIIE
paboTaroT, 4TOOBl BBIICHUTH JETalM TOr0, KAaK 3aKOHbI
HeroToHa BO3HHMKAIOT M3 KBaHTOBOW cdepbl. Ham TouHO
U3BECTHO, 4YTO COCTaBHbIE YacTU BCEX OOBEKTOB
NOJUUHSIOTCS 3aKOHAM KBAaHTOBOW ()M3MKHM, M 3aKOHBI
HproToHa XOpOIIO ONUCBHIBAIOT MOZECIb IOBEACHHUS
MaKpPOCKOIIUYECKUX OOBEKTOB, KOTOPBIE COCTOAT M3 3TUX
KBAHTOBBIX YAaCTHULI.

Ho npenckasanus HBIOTOHOBCKOW TEOpPHH IO3TOMY
COOTBETCTBYIOT IPEACTABIICHUIO O PEAJIbHOCTH, B KOTOPOU
Mbl pa3BUBAaeMcCs, Kak I[O3HaeM MHp BOKpyr Hac. Ho
YHHUKQJIbHBIE aTOMbl M MOJIEKYJbl B3aUMOJEHCTBYIOT
COBCEM  MO-APYyromMy, 4Ye€M NpPUHATO B  Hauleu
NOBCEAHEBHOM Jkm3Hu. KBaHTOBas ¢u3uka - HoBas
MOJIENIb PEaJIbHOCTH, JAIOIIAasi HaM KapTHHY BcesleHHOM.
OT0 - KapTMHAa, B KOTOPOW Yy MHOTMX IOHSTH,
(GyHIaMEHTaIbHBIX  JUId  Hallero UHTYUTUBHOTO
HNOHUMAaHHMS JeHCTBUTENLHOCTH OOJIbIlIE, HET 3HAUEHHUSL.

OKCIEPUMEHT C JIBOWHOW IIENbI0, KOTOPBIA OBLI
npoeeneH B 1927 romy KnmatoHoMm /[laBuccOHOM H
Jlectepom Kepmepom, (uznkamMu-3KCIiepuMEHTATOPAMH
u3 naboparopuu Bell, koroppie wu3yuamu, kak my4oK
3JIEKTPOHOB - 0O0OBEKTHI MHOTO Tpole yeM "msuu baku" -
B3aMMOJEICTBYET C KPUCTAIIIOM,

about a water molecule tell you much about the
behavior of a lake. In the case of quantum physics,
physicists are still working to figure out the details
of how Newton’s laws emerge from the quantum
domain. What we do know is that the components
of all objects obey the laws of quantum physics,
and the Newtonian laws are a good approximation
for describing the way macroscopic objects made
of those quantum components behave.

The predictions of Newtonian theory therefore
match the view of reality we all develop as we
experience the world around us. But individual
atoms and molecules operate in a manner
profoundly different from that of our everyday
experience. Quantum physics is a new model of
reality that gives us a picture of the universe. Itis a
picture in which many concepts fundamental to
our intuitive understanding of reality no longer
have meaning.

The double-slit experiment was first carried out
in 1927 by Clinton Davisson and Lester Germer,
experimental physicists at Bell Labs who were
studying how a beam of electrons—objects much
simpler than buckyballs—interacts with a crystal



cAenaHHbIM U3 HUKeNs. TOoT, 4To MaTepuanbHbIE YaCTULIBI,
TaKhe KakK JJIGKTPOHBI, BEIyT ceOsS TMOMOOHO BOISHBIM
BOJIHAM, ObUI ~ OJHUM M3 TeX BOCXUTUTEJbHBIX
OKCIIEPUMEHTOB, KOTOpHIE, KOTOpHIE TIOBIUSIM HaA
KBaHTOBYIO (u3uky. [lockoibky Takoe moBeleHHUE Ha
MaKpPOCKOIIMYECKOM YpOBHE HE HaOmromaercs, yd4EHbIe
JONITO€  BpEeMs 3a/laBalluCh BOMPOCOM - HACKOJIBKO
OOJIBIIMM M CJIOXKHBIM JIOJDKEH OBITh OOBEKT, YTOOBI
COXpaHATh CIOCOOHOCTh JIEMOHCTPUPOBATH BOJIHOBBIC
cBoiictBa. Ecnmu Obl MOMO0HBIA 3PPEKT MOXKHO OBLIO
OPOJEMOHCTPUPOBaTh C  ydacTUEM  JIIOJAeH  WIH
TUIIIONOTAMOB, 3TO, 0€3yCIIOBHO, BBI3BAIO OBl a)KUOTAXK,
OJIHAKO, KaK yke ObUIO CKa3aHOo, yeM OoJblle pasmep
00BEKTa, TEM MEHEe 3aMETHBI KBaHTOBBIE 3(PQEKTHI.
[ToaToMy ManoBepoOsSITHO, YTO Kakue-NuOO >KUBOTHBHIE B
300MapKe MPOCOYATCs, IMOAOOHO BOJE, CKBO3b TPYThS
CBOMX KJIETOK. Tem HE MeHee, ¢busuKu-
AKCIIEPUMEHTATOPHI HAOIIOAAIOT BOJHOBBIE SIBICHUS Y
yacTul] BCE OONBIIMX pa3MepoB. YUEHbIE HAACIOTCA
MOBTOPUTH KOTa-HUOYIh IKCIEPUMEHT C (QyJUIepeHaMH,
UCTIONB3YS BMECTO HHX BHUPYC, KOTOPBIM HE TOJBKO
3HAYUTEIBHO TPEBOCXOIUT WX pa3MepaMH, HO TaKXKe
paccMaTpUBAETCS] HEKOTOPBIMH KaK KHBOE CYIECTBO.

3HaHKE JTUIIH HEKOTOPHIX aCIIEKTOB KBAHTOBOW (PH3UKH
TpeOyeTcs Ans TOTo, 4YTOOBI TMOHSATH APTyMEHTHI,
MpeJCTaBICHHBIE B cleAyromux TiaBax. OmHO W3
OCHOBHBIX CBOWCTB - JBOWCTBEHHOCTH BOJIHBI/9aCTHUIIBI.
MarepuanbHble YacTHUIIBI, BEAYIIHE ceOsl TT0I00HO BOJHE,
yauBsT mo6oro. To, 4To cBET

made of nickel. The fact that matter particles such
as electrons behave like water waves was the type
of startling experiment that inspired quantum
physics. Since this behavior is not observed on a
macroscopic scale, scientists have long wondered
just how large and complex something could be
and still exhibit such wavelike properties. It would
cause quite a stir if the effect could be demonstra-
ted using people or a hippopotamus, but as we've
said, in general, the larger the object the less
apparent and robust are the quantum effects. So it
is unlikely that any zoo animals will be passing
wavelike through the bars of their cages. Still,
experimental physicists have observed the wave
phenomenon with particles of ever-increasing
size. Scientists hope to replicate the buckyball
experiment someday using a virus, which is not
only far bigger but also considered by some to be a
living thing.

There are only a few aspects of quantum
physics needed to understand the arguments we
will make in later chapters. One of the key features
is wave/particle duality. That matter particles
behave like a wave surprised everyone. That light



Ben€T celds MOoMOOHO BOJIHE, YXKE€ JaBHO HHKOTO HE
ynuBiseT. BonHoBoe moBeneHue cBeTa IpEJCTaBISIETCS
HAM €CTECTBEHHBIM M Yy>K€ OKOJIO JIBYXCOT JIET CUMTAETCs
JIOCTOBEPHBIM W TNpU3HAaHHBIM (akToM. Ecmu BbI
HampaBUTE€ Jyd CBeTa Ha JBe IlIeJIM, Kak B
BBIIICONMCAHHOM SKCIEPUMEHTE, JBE BOJHBI MOSBATCS U
nepeceKkyTcsl Ha dKpaHe. B Kakux-To Toukax HUX IpeOHH
OyayT coBmanatb, GOpMHPYS SIPKOE MATHO, B APYTHX -
rpeOHU OAHOW BOJHBI OYAYT COBMNAgaTh C JOJHMHAMH
JIpyroi, HEUTpalu3ys MX U OCTaBJIsAsl TEMHYIO 00JIACTh.
Anrmuiickuii  ¢u3uk  Tomac SIHr TpPOBOAMI  TaKOM
HKCIEPUMEHT B Hayaje JAEBSATHAALATOrO BEKa, CTapasich
yOenuTh NoJIel, YTO CBET €CTh BOJHA, a HE COCTOHUT W3
qacTull, Kak mouarai HeroToH.

behaves like a wave no longer surprises anyone.
The wavelike behavior of light seems natural to us
and has been considered an accepted fact for
almost two centuries. If you shine a beam of light
on the two slits in the above experiment, two
waves will emerge and meet on the screen. At
some points their crests or troughs will coincide
and form a bright spot; at others the crests of one
beam will meet the troughs of the other, canceling
them, and leaving a dark area. The English
physicist Thomas Young performed this
experiment in the early nineteenth century,
convincing people that light was a wave and not, as
Newton had believed, composed of particles.



OkcnepumenT FOnra. Kapruna, coznaBaemast 6akn0oramu,
00BSCHSIETCSI BOJTHOBOM TE€OpHEH cBeTa.

XoTss KTOo-TO MOr Obl moaymarb, dYTo HpIOTOH
omuOancs, yrBepxaas, 4YTo CBET HE SBJISIETCS BOJIHOM, HO
OH OBLT MpaB, KOT/Ia TOBOPWUJI, YTO CBET BEAET cedsl Tak,
Kak eciii Obl OH cocTos1 U3 4yacTull. CeroaHsi Mbl 30BEM
9TH 4YacTullbl QoroHamu. Tak ke Kak Mbl COCTOUM U3
OOJIBIIIOTO YHCJIA aTOMOB, CBET, KOTOPBIA MBI BHUIUM B
IIOBCEIHEBHOW  JKM3HU, SIBISAETCS CIOXKHBIM, B TOM
CMBICJIE, YTO COCTOMT M3 IPOMAJHOIO 4ucia (OTOHOB -
Jaxe 1-BaTTHBIA HOYHHMK UCITYCKAET

Young's Experiment The buckyball pattern was familiar from the wave
theory of light.

Though one might conclude that Newton was
wrong to say that light was not a wave, he was
right when he said that light can act as if it is
composed of particles. Today we call them
photons. Just as we are composed of a large
number of atoms, the light we see in everyday life
is composite in the sense that it is made of a great
many photons—even a 1-watt night-light emits a



MUJUTMAPIbl MUJUIMAPAOB (OTOHOB KaXAYI0 CEKYHIY.
Enuanunbie (GOTOHBI OOBIYHO HE HAOMIOJAIOTCS, HO B
naboparopud Mbl MOXeM CGHOpPMHUPOBATH JIyd CBETa
HACTOJIBKO CJIA0bIi, YTO OH, MO CyTH, COCTOUT M3 TMOTOKA
€AMHUYHBIX (POTOHOB, KOTOPHIE Mbl MOXEM OOHApYKUTh
KaK OTJICNIbHBIC 3JIEMEHTHI, TaK e KaKk OOHapy>KHBaeM
€MHUYHBIE 3JIEKTPOHbI WK ¢yiuiepeHsl. 1 Mbl Moxkem
MOBTOPUTHh JKCIIEPUMEHT SIHra, HCIOJIB3Yys JIyd CBeTa
JOCTaTOYHO HU3KOW IUIOTHOCTH, YTOOBI 00ECIeYHThH
¢doTOHAM BO3MOXXHOCTB JIOCTHTATh MPETPabl MO OJHOMY
3a pa3, C MHTEpPBAJIOM B HECKOJbKO cekyHn. [locTymnus
nomoOHBIM  00pa3oM W CyMMHPOBaB 3aTeéM  BCE
WHAUBHUyalIbHbIE OTMETKH, 3a)UKCHPOBAHHBIE HA DKpaHe
C 00paTHOW CTOPOHBI MPErpaabl, MBI OOHAPYKUM, UYTO
uMeNa MecTo MHTepEpeHIrs M0 TOMY ke o0pasily, Kak
eciii OBl MBI BBITIONHSIUIM OKCIIEpUMEHT J[IBHCCOHa-
I'epmepa, HO HampaBisAaM Obl HA DKPaH AJIEKTPOHBI (UIU
bynnepensl) o oAHOMY 3a pa3. s guzukoB 3TOM OBLIO
MOPA3UTEIbHBIM OTKPBITHEM: €CITU OTIENIbHBIE YaCTHUIIBI
uHTEp(EpUpPyOT caMu ¢ coO0M, TOTra BOJIHOBAs MIPUPOIA
CBETa SBJISIETCS CBOWCTBOM HE TMPOCTO Jydya WU
0OJIBIIIOTO KOMYeCTBa (POTOHOB, HO OTACIBHBIX YACTHII.

JIpyriM OCHOBHBIM TPHUHIIMIIOM KBAaHTOBOW (PU3UKHU
SIBIISICTCS TIPUHITHIT HEONPEIeNIEHHOCTH,
chopmynupoBansbiii BepHepom ['eiizenbeprom B 1926
roy. [TpuHIMIT HeonpeAeIEHHOCTH TJIACHT,

billion billion each second. Single photons are not
usually evident, but in the laboratory we can
produce a beam of light so faint that it consists of a
stream of single photons, which we can detect as
individuals just as we can detect individual
electrons or buckyballs. And we can repeat
Young's experiment employing a beam sufficiently
sparse that the photons reach the barrier one at a
time, with a few seconds between each arrival. If
we do that, and then add up all the individual
impacts recorded by the screen on the far side of
the barrier, we find that together they build up the
same interference pattern that would be built up if
we performed the Davisson-Germer experiment
but fired the electrons (or buckyballs) at the
screen one at a time. To physicists, that was a
startling revelation: If individual particles interfere
with themselves, then the wave nature of light is
the property not just of a beam or of a large
collection of photons but of the individual
particles.

Another of the main tenets of quantum physics
is the uncertainty principle, formulated by Werner
Heisenberg in 1926. The uncertainty principle tells



YTO HCBO3MOXKXHO OAHOBPEMCHHO M3MCPUTH IMOJIOKCHUEC U

CKOPOCTh YaCTHLIBL. CornacHo IIPUHLUITY
HEOIPEIEICHHOCTH, HAllpUMEp, €CIIA Bbl YMHOMXHTE
HEOIIPEAEIEHHOCTh ITOJIOXKEHUS YaCTHULBI Ha

HEOTpeICNICHHOCTh €€ UMITyJIbca (Macca, yMHOKEHHAs Ha
€ro CKOPOCTh) pe3yJlbTaT HUKOTJIA HE MOXET OBITh
MEHBIIIE, YeM OIpe/eleHHOe (PUKCUPOBAHHOE 3HAYCHHE,
Ha3BaHHOe mocTOsiHHOM I[lmanka. DTo moxoke Ha
CKOPOTOBOPKY, HO CYTh €€ MOKET ObITh BBIpa)KEHA OYEHb
IPOCTO: Y€M TOYHEE BbI M3MEpSETe CKOPOCTh, TEM MEHee
TOYHO BBl CMOKETE U3MEPUTH IMOJIOKEHHE U HaoOopoT. B
cllydae, €clid Bbl COKPAaTUJIM BJIBOE HEONPEICIEHHOCTh B
MOJIOKEHUH, BaM CIeAyeT YIABOUTH HEONPEIeIEHHOCTh B
ckopoctu. Tak ke OuYeHb BAXHO 3aMETUTh, YTO B
CPaBHEHMHM C TPUBBIYHBIMU EIUHUIIAMH H3MEpEHHUS,
TaKUMH KaK METpbl, KWJIOTPAMMBl WM  CEKYHbI
nocrosHHas Ilnanka ouens Mmana. B cymHocTH, ecnu
ONKCHIBATh €€ ATHMH €IWHUIIAMHA OHa MMEET 3HaueHHE
OKOJIO
6/10,000,000,000,000,000,000,000,000,000,000,000. B
pe3ynbTare, eciu U3BECTHO HOJIOXKEHUE
MaKpOCKOIIUYECKOT0 00BbeKTa, CKaxkeM, (yTOOJIBHOTO
Ms4a, Maccod B 1/3 kwmiorpamMma, TOo B mpenenax |
MILIAMETpPa B JTFOOOM HAampaBJICHUH MBI TaK jK€ CMOXKEM
U3MEPUTH U CKOPOCTb, C TOUHOCTBIO OOJIBIIEH, 4eM /10

us that there are limits to our ability to
simultaneously measure certain data, such as the
position and velocity of a particle. According to the
uncertainty principle, for example, if you multiply
the uncertainty in the position of a particle by the
uncertainty in its momentum (its mass times its
velocity) the result can never be smaller than a
certain fixed quantity, called Planck’s constant.
That’s a tongue-twister, but its gist can be stated
simply: The more precisely you measure speed,
the less precisely you can measure position, and
vice versa. For instance, if you halve the
uncertainty in position, you have to double the
uncertainty in velocity. It is also important to note
that, compared with everyday units of
measurement such as meters, kilograms, and
seconds, Planck’s constant is very small. In fact, if
reported in those units, it has the value of about 6
/10,000,000,000,000,000,000,000,000,000,0

00,000. As a result, if you pinpoint a macroscopic
object such as a soccer ball, with a mass of
one-third of a kilogram, to within 1 millimeter in
any direction, we can still measure its velocity with
a precision far greater than even a billionth of a



MUWIJTMAPJHON MWUIMAPIHOW MUJUTMAPAHON KUJIOMETpa B
yac. Bc€ mnoromy, 4ro Oyayduu H3MEpPSEMBIM B 3THX
equHuIax, ¢GyrOoIpHBIA MsS4 uMeeT Maccy B 1/3, a
HeonpenenéHHocTs B nonoxkenuu B 1/1,000. Hu toro, Hu
IPYroro He XBaraeT, yToObl IMOKPBHITh BCE TE HYIH B
nocrossHHOM [lmanka, Tak 4TO 3Ta podb NagaeT Ha
HEoNnpeneneéHHOCTh B ckopocTu. Ho B Tex ke enuHHIAX
U3MEPEHUS 3JIEKTPOH MMeEeT Maccy B
.00000000000000000000000000001,  Tax  uyro  JuIA
AJIEKTPOHOB BCE €10 COBEPIICHHO B ApyroM. Eciu npu
HalleM M3MEPEHUHU MOJIOKEHUS AJIEKTPOHA OHO BBIXOJUT
COOTBETCTBYIOIIIMM TPUMEPHO TIpeaesiaM aroma, TO
NPUHIUIT HEONPEIEAEHHOCTH MPEANUCHIBAET, YTO MBI HE
MOXX€M 3HaThb CKOPOCTh OJJICKTPOHAa C TOYHOCTHIO
Oonpuiei, yem mioc win MuHyc 1,000 KmiomeTpoB B
CEKYH/y, YTO KOHEYHO COBCEM HE TOYHO.

billionth of a billionth of a kilometer per hour.
That's because, measured in these units, the
soccer ball has a mass of 1/3, and the uncertainty
in position is 1/1,000. Neither is enough to
account for all those zeroes in Planck’s constant,
and so that role falls to the uncertainty in velocity.
But in the same units an electron has a mass
of .000000000000000000000000000001, SO
for electrons the situation is quite different. If we
measure the position of an electron to a precision
corresponding to roughly the size of an atom, the
uncertainty principle dictates that we cannot know
the electron’s speed more precisely than about
plus or minus 1,000 kilometers per second, which
is not very precise at all.



“Ecnu 2mo eepHo, mo 8¢é, umo mbl CHUMAIU OIHOL,
Ha camom oefie Hacmuyda, d 6C€, Ymo Mvl CHUMAanu
yacmuyell, Ha camom oeie 8oaHa.”’

OcHOBBIBasiCh Ha KBaHTOBOH (M3HKE, BHE 3aBUCUMOCTHU
OT TOr'O CKOJIbKO MH(OpMaIMK y Hac yXe MMEeeTCs WM
HACKOJIBKO BEJIMKHU HaIlH BBIUHCIIUTENbHBIE
BO3MOXHOCTH, PE3yJIbTaThl (GU3NUECKUX B3aMMOEHCTBHM
HE MOTYT OBbITh IPEJCKa3aHbl CO BCEH ONpeneaEéHHOCTHIO,
IOTOMY UTO ONpPEAEIEHHOCTh HE BXOAUT B MX ONHCAHME.
Bmecto »3TOro, yuuThiBas UM3HA4YaJbHOE COCTOSIHHE
CHCTEMBI, MpHUpOJA OIpeleseT COCTOSIHHE Oyayliero
yepe3 MpoIlecc, KOTOpPbI CyTh (yHIAMEHTAIbHO HE
onpeaenésH.  Jlpyrumm  cioBaMM, ~— NpUpoOAAa  HE
MPEUCHIBAET PE3YJIbTATOB HUKAKUX

“If this is correct, then everything we thought was a wave
is really a particle, and everything we thought was a
particle is really a wave.”

According to quantum physics, no matter how
much information we obtain or how powerful our
computing abilities, the outcomes of physical
processes cannot be predicted with certainty
because they are not determined with certainty.
Instead, given the initial state of a system, nature
determines its future state through a process that
is fundamentally uncertain. In other words,
nature does not dictate the outcome of any



MPOLECCOB WJIM OMNBITOB, JaK€ B CAMbIX MPOCTEHUIINX
cutyarusax. Ckopee JOMyCKaeT HEKOTOPOE KOJIMYECTBO
pa3IMuYHbIX BapUAHTOB pAa3BUTHUSA, KaXJIbli CO CBOEi
BEPOSITHOCTBIO OCYyIIeCTBICHUs. Bcé paBHO, Kak eciu Obl,
nepedpasupys DiHIITEHHa, bor Opocanm KOCTH BCSIKHA
pas, TpexAe 4YeM PEeHIUTh HCXOJ JIF0O0Tro (U3UYECKOTO
nponecca. JTa HAEs HE JlaBaja IMOKOS ODWHINTEHHY H,
HECMOTpsI Ha TO, YTO OH CaM SBJISUICA OJHUM U3 OTIIOB-
OCHOBaTelield KBAaHTOBOM (M3HMKH, B JallbHEHIIEM OH
HAYMHAET €€ KPUTUKOBATD.

MoskeT moka3arbcs, YTO KBaHTOBas (pu3MKa MoApbIBaeT
caMy HJICI0 3aKOHOB MPHUPO/BI €10 YIIPABJISIOMIUMH, HO 3TO
COBCeM Jpyroil ciydvail. HampoTus, oHa mpuUBOAUT HAc K
HOBOW (opMe JETCPMUHU3MA: YYUTHIBAsS COCTOSIHHC
CUCTEeMBl B Kakoe-TMOO Bpems, 3aKOHBI IPUPOJIBI
OTPENIETISIOT  BEPOSITHOCTh  PA3NIMYHBIX OyAyIIUX W
MPOLLIBIX, BMECTO  TOTO,  YTOOBl  OMNpeAemsTh
€IMHCTBEHHOE JTOCTOBEpHOE Oynyiiee u mpouuioe. M xots
HEKOTOPBIM W3 HHUX JTO OyAeT HEeMpHUITHO, Yy4YEHbIE
JOJDKHBI ~ TIpUHUMATh ~ TEOPUH,  COBIAJAIONIME  C
pe3ynbTaTaMu 3KCIIEPUMEHTOB, @ HE CBOM IPEIB3STHIC
yOexaeHus.

Hayka TpeOyeT oT Teopuu JUIIb TOrO, YTOOBI €€ ObLIO
MOXHO TIpOBEpUTh. Eciu BepoOATHOCTHAs MpUpoaa
npeacKa3aHuil KBaHTOBOM (1076371941 O3Hayana
HEBO3MOKHOCTh TOJITBEPKACHUS ITHX MpPEACKa3aHUM, TO
KBAaHTOBbIE TEOPUM HHKAK HeJb3sd ObLIO OBl Ha3BaTh
HAyYHBIMH

process or experiment, even in the simplest of
sitnations. Rather, it allows a number of different
eventualities, each with a certain likelihood of
being realized. It is, to paraphrase Einstein, as if
God throws the dice before deciding the result of
every physical process. That idea bothered
Einstein, and so even though he was one of the
fathers of quantum physics, he later became
critical of it.

Quantum physics might seem to undermine the
idea that nature is governed by laws, but that is
not the case. Instead it leads us to accept a new
form of determinism: Given the state of a system
at some time, the laws of nature determine the
probabilities of various futures and pasts rather
than determining the future and past with
certainty. Though that is distasteful to some,
scientists must accept theories that agree with
experiment, not their own preconceived notions.

What science does demand of a theory is that it
be testable. If the probabilistic nature of the
predictions of quantum physics meant it was
impossible to confirm those predictions, then
quantum theories would not qualify as walid



teopusimu. Ho, He cMOTps Ha BEPOSATHOCTHYIO MPUPOIY
IIPEICKA3aHUM, MBI BCE K€ MOYKEM IIPOBEPUTH KBAaHTOBBIC
teopun. Hanpumep, Mbl MOKEM MOBTOPUTH SKCIEPUMEHT
MHOTO pa3 U YyJOCTOBEPUTHCS, UYTO HYACTOTA PA3IMYHBIX
pe3ynbTaTOB COOTBETCTBYET MpeACKa3aHHbIM
BEpPOSTHOCTSIM. PaccMOTpUM 3KCIEPUMEHT C MsS4aMu
baka. Kak rosoput Ham kBaHTOBas (U3UKH - HUYTO HE
HAXOJWTCS B ONpPEIEIEHHONH Touke, OO ecimu OBl OHO
HAXOJMJIOCh, TO HEOMpPEIeIEHHOCTh MMITyJibca Oblia Obl
O0ceckoHeuHOM. DAaKTUYECKH, COTIIACHO KBAHTOBOU (U3HKE,
KaKJash 4acTulla MUMEET HEKOTOPYIO BEpPOSTHOCTh OBIThH
HalJeHHON rae yrogHo Bo BcenmenHoi. Tak 4ro, maxke
€CJIM IIAHChl HAWTHU BJEKTPOH B YCTPOMCTBE € JBYyMs
OTBEPCTHSIMHU OYCHb BEJIUKH, BCET/1a OCTAHETCS HEKOTOpas
BEpPOSITHOCTh TOT0, YTO BMECTO 3TOTO OH HAWAETCSA Ha
oOpatHOil cTopoHe 3Be3nsl B Aunbda LleHTaBpe wim B
nupore ¢ MOYKaMu u3 KadeTepus psSIoM C BalluM
odpucom. Kak pesynbrar, ecnu Bwl ymapure KBaHTOBBIH
0akuOON W TO3BOJHUTE €My JIeTeTh, TO HHUKAKOH 00beM
YMEHUI WM 3HaHWW He JacT Bam cka3are 3apaHee, e
KOHKPETHO 3TOT Oakubon mnpuzemnutcs. Ho ecnu BwI
MOBTOPUTE ITOT IKCIEPUMEHT MHOTO pa3, TO TOJyICHHBIC
JTAHHBIE OTPA3SAT BEPOATHOCTh HAXOXKICHHS MA4a B CAMbIX
pa3HBIX MeCTaxX, a YKCIEPUMEHTATOPHI MOJATBEPIAT, UTO
pe3yNabTaThl OI00HBIX SKCIIEPUMEHTOB

theories. But despite the probabilistic nature of
their predictions, we can still test quantum
theories. For instance, we can repeat an
experiment many times and confirm that the
frequency of various outcomes conforms to the
probabilities predicted. Consider the buckyball
experiment. Quantum physics tells us that
nothing is ever located at a definite point because
if it were, the uncertainty in momentum would
have to be infinite. In fact, according to quantum
physics, each particle has some probability of
being found anywhere in the universe. So even if
the chances of finding a given electron within the
double-slit apparatus are very high, there will
always be some chance that it could be found
instead on the far side of the star Alpha Centauri,
or in the shepherd’s pie at your office cafeteria. As
a result, if you kick a quantum buckyball and let it
fly, no amount of skill or knowledge will allow you
to say in advance exactly where it will land. But if
vou repeat that experiment many times, the data
you obtain will reflect the probability of finding the
ball at various locations, and experimenters have
confirmed that the results of such experiments



COTJIACYIOTCS C TIPEJICKa3aHUsIMU TEOPHH.

BaxHo mMOHMMAaTh, 4YTO BEPOATHOCTH B KBAaHTOBOM
bu3HKe - 3TO HE TO XKE, YTO BEPOATHOCTH B HBIOTOHOBOM
¢u3uKe WM B MOBCETHEBHOH >KM3HU. MBI MOXEM 3TO
MOHATh, CPAaBHUB BBICTPOCHHBIC MOJEIHM PABHOMEPHOIO
MOTOKAa OaKMOOJIOB, BBHIMYIICHHBIX B JKPaH, C MOJEIBIO
OTBEPCTHH, BBICTPOCHHBIX MCXOJ U3 TOTO, YTO MTPOK B
JapTC UENMUIICS B 510J109K0. ECIIM KOHEYHO UTPOKU HE MUITH
YK CJIMIIKOM MHOTO IHMBa, IIIAHCHI JPOTHKA BOTKHYTHCS
HEJJAJIEKO OT IIEHTpa OYeHb BEJIUKH, U 0 MEpe yaaleHus
OT LeHTpa ymenbInatoresa. Kak u ¢ 6akubonamu, mo00oii u3
JIPOTUKOB MOXET BOTKHYThCS KyJa YrOJHO, U, CO
BpEMEHEM, MOJCIIb OTMETHH OT JPOTHKOB, OTpakaromas
BEPOSATHOCTD, JICKAIYI0O B CBOEH OCHOBE, MOCTpOUTCA. B
MOBCEIHEBHON JKM3HH, B TaKOW CHUTYallMd Mbl MOKEM
CKa3aTh, UYTO JIPOTUK MMEET OMPEACICHHYIO BEPOSITHOCTD
NPU3EMJICHHUS B pa3HbIX MECTax, HO Mbl TOBOPUM Tak,
TOJIBKO ITOTOMY (B OTJIMYME OT ciydasi ¢ 6akubonaMu), 4To
Hallle 3HaHHE 00 YCIOBHUSX €ro 3amycka HemoJHble. MBI
MOTJI OBl YJIYYIIUTh OMHMCAHUE TIPEMETA, €Clid Obl 3HAIN
TOYHO KaK MMEHHO WUIPOK 3aIyCTHJ JAPOTHK - €ro yrodi,
BpalleHue, CKOpOCTh W T.A. B mnpuHnume, Torma Msl
cMoriu Obl TpeAcKa3aTh, TIe MPU3EMIUTCS APOTUK C TOU
TOYHOCTBIO, C KOTOPOU

agree with the theory’s predictions.

It is important to realize that probabilities in
quantum physics are not like probabilities in
Newtonian physics, or in everyday life. We can
understand this by comparing the patterns built
up by the steady stream of buckyballs fired at a
screen to the pattern of holes built up by players
aiming for the bull's-eye on a dartboard. Unless
the players have consumed too much beer, the
chances of a dart landing near the center are
greatest, and diminish as you go farther out. As
with the buckyballs, any given dart can land
anywhere, and over time a pattern of holes that
reflects the underlying probabilities will emerge.
In everyday life we might reflect that situation by
saying that a dart has a certain probability of
landing in various spots; but if we say that, unlike
the case of the buckyballs, it is only because our
knowledge of the conditions of its launch is
incomplete. We could improve our description if
we knew exactly the manner in which the player
released the dart, its angle, spin, velocity, and so
forth. In principle, then, we could predict where
the dart will land with a precision as great as we



xoTenu Obl. Vcronb30BaHWe HaMU YCIIOBUM BEPOSITHOCTH,
JUISE  ONUCAHUS pe3yibTara COOBITHI B TIOBCETHEBHOM
KU3HU, TaKUM o00pa3oM, SBISETCS HE OTpaKeHHEM
MIyOMHHOW CYIIHOCTH TIpoIlecca, HO JIMIIb HAIIero
HEBE)KECTBA B HEKOTOPBIX €ro aCleKTax.

BeposiTHOCTH B KBaHTOBBIX TEOPHUSX COBCEM JIpyTHE.
Onu otpaxaroT ¢GyHIAMEHTAIBHYIO CIY4allHOCTh B
npupojae. KBaHTOBast MOJENIb MPUPOJIBI BKIIOYAET B CeOs
MPUHIUIIBI, KOTOPbIE HE TOJIBKO MPOTHUBOPEYAT HAIIEMY
MOBCEHEBHOMY OIIBITY, HO W HaIlleMy HHTYUTHUBHOMY
BOCIIPUATHIO peanbHOro. Te, 4To HaXOIAT 3TU NPHUHIIUIIBI
CTPaHHBIMM WJIM HEMNPABIONOJAOOHBIMH HAXOMASTCS B
xopoteM o01iecTBe, 00IEeCTBE BEIUKUX (PU3UKOB, TAKUX
Kak OWHITedH u gaxe PedHMmaH, 4Yn€ ONHUCAHHUE
KBAaHTOBOM TEOPUU MbI COBCEM CKOPO IPEICTABUM.
deitaMaH, B ACUCTBUTEILHOCTH, KaK-TO HaIKCal:
"Ilymatro, s MOry CHOKOHWHO 3afBUTh, YTO HHUKTO HE
MOHUMAaeT KBaHTOBOM MexaHuku'". Ho kBaHTOBas (usmka
coriacyercsi ¢ HaOmoAeHusMH. Hu 0IHOTO MPOBaIbLHOTO
TECTa,- a TECTUPOBAIM €€ OoJIbllle, YeM JIFOOYI0 JAPYTYIO
Hay4HYIO TEOPHIO.

B 1940x Puuapna ®eiiHMaHa MOTPSCIO O3apeHHE B
MOHUMAHUU PA3HULBI MEKY KBAHTOBBIM U HbIOTOHOBBIM
mupamu. DellHMaHa  3aMHTPUTOBAN  BOIPOC,  Kak
BO3HUKAET MOJIeTh HHTEPPEPEHIINN

desire. Our use of probabilistic terms to describe
the outcome of events in everyday life is therefore
a reflection not of the intrinsic nature of the
process but only of our ignorance of certain
aspects of it.

Probabilities in quantum theories are different.
They reflect a fundamental randomness in nature.
The quantum model of nature encompasses
principles that contradict not only our everyday
experience but our intuitive concept of reality.
Those who find those principles weird or difficult
to believe are in good company, the company of
great physicists such as Einstein and even
Feynman, whose description of quantum theory
we will soon present. In fact, Feynman once wrote,
“I think I can safely say that nobody understands
quantum mechanics.” But quantum physics
agrees with observation. It has never failed a test,
and it has been tested more than any other theory
in science.

In the 1940s Richard Feynman had a startling
insight regarding the difference between the
quantum and Newtonian worlds. Feynman was
intrigued by the question of how the interference



B OKCIIEPUMEHTE C JIBYMs OTBepCTUsAMHU. HarmoMHuM 0 TOM,
YTO IOJIyYE€HHAsh UTOTOBas MOJEIb IOCIE TOrO, KaK MBI
BBICTPEJIMIIM MOJIEKYJIaMH, KOrja o0e Mpope3u OTKPHITHI,
HE €CTh CyMMa MOJEJIEH, €CIIM INPOBECTU HKCIIEPUMEHT
JIBAYK/bI: OJIMH Pa3 TOJBKO C OTKPBITOM NEPBOM MPOPE3bIO,
a BTOpPOW - TONBKO cO BTOpod. Hamportus, xorma o6e
IIPOpPE3U OTKPBITBI, Mbl HAXOJIWM YEpeAy CBETIbIX H
TéMHBIX Tojoc. [locmexanue 3T0 Te obOnacTh, Kydga He
NpPU3EMJINIACh HU OJHA YacThlla. OJTO O3HA4yaeT, 4TO
YaCTHUIIbl, KOTOPBIE JOJDKHBI ObLUTH OBI TIOMACTH B O0JIACTH
TEMHOH TOJIOCHI, B ClIydae €CJH, CKaXeM, OTKpBITa OJHA
pope3b, TaM HE OKa3bIBalOTCS, €CIM OTKPBITBI 00€
npope3u. Kak Oyaro rme-tTo Ha cepeauHe CBOEro MyTH K
PKpaHy YacTHUIBl TMONydYaloT wuHpopMamuio 1mpo obe
npope3u. Takoe MmoBeaeHUE PEHIUTENIBHO OTIMYAETCS OT
TOTO, KaK BCE OOCTOUT B MOBCEHEBHOM KM3HU, B KOTOPOM
MY MPOCIEAYeT CKBO3b OAHY M3 IIPOpE3ed M Ha HEro
HUKAaK HE MOBJIUSET COCTOSTHUE BTOPOH.

CornacHo HploTOHOBCKOW (hH3MKe, U COTIACHO TOMY,
KaK AKCIEPUMEHT MpOILEN Obl, €clii Obl MbI POJIENATH TO
ke camoe C (yTOONBHBIMH MsYaMH BMECTO MOJIEKYI,
KaKJIasg 4YacTula CIeAyeT €IMHCTBEHHOMY CTpOro
ONpeACIEHHOMY MapuIpyTy OT HCTOYHMKAa K dKpaHy. B
TaKOM KapTHMHE HE HAaXOAWUTCA MecTa OOXOAHOMY IyTH,
KOTOPBIM YacTHLIA IO ITYTH MOCEIIAET OKPECTHOCTH

pattern in the double-slit experiment arises. Recall
that the pattern we find when we fire molecules
with both slits open is not the sum of the patterns
we find when we run the experiment twice, once
with just one slit open, and once with only the
other open. Instead, when both slits are open we
find a series of light and dark bands, the latter
being regions in which no particles land. That
means that particles that would have landed in the
area of the dark band if, say, only slit one was
open, do not land there when slit two is also open.
It seems as if, somewhere on their journey from
source to screen, the particles acquire information
about both slits. That kind of behavior is
drastically different from the way things seem to
behave in everyday life, in which a ball would
follow a path through one of the slits and be
unaffected by the situation at the other.

According to Newtonian physics—and to the
way the experiment would work if we did it with
soccer balls instead of molecules—each particle
follows a single well-defined route from its source
to the screen. There is no room in this picture for a
detour in which the particle visits the neighbor-



obenx mpopeseit. OgHaKo, COTIACHO KBAHTOBOM MOJIECTH, Y
gacTUIbl OyaTO OBl M HET TOYHOTO MECTOIIOJIOKEHUS B TO
BpeMs, II0Ka OHA HaxOJUTCSI MEXJ1y HadaJIbHOU U
KOHEYHOM ToykaMu IyTH. (DelHMaH IIOHMMaJl, 4TO HE
HY)KHO TMPUHHUMATHh 3TO 3a OTCYTCTBHE IIyTH y 4YacTHL,
[IOKa OHU CJEIYIOT OT HMCTOYHMKa K 3KpaHy. CoBceM
HA000POT, 3TO MOTJIO ObI 3HAYUTh, YTO YACTULIBI IIPOXOMSAT
BCEMHU U3 BO3MOXKHBIX IyT€H CBSI3BIBAIOLIMX 3TU TOYKH.
Bor, yrBepxman deilHMaH, YTO OTIMYAET KBAHTOBYIO
¢u3uky ot HprooToHOBOW. Ora wHCTOpUS C  JIBYMS
MIpOpE3sIMU MMEET 3HAYeHHE, MOTOMY 4TO BMECTO TOrO,
YyTOOBl TPOCIIENOBATh E€AUHCTBEHHBIM ONPEACIEHHBIM
NyTEM, YaCTHIIbl IPOLUIM BCEMH, J1a €II€ U 3a pa3. 3BYUUT
KaKk HayyHas (aHTacThKa, HO 3TO He Tak. DellHMaH
chopMynupoBall ~ MaTeMaTUYeCKOE  BBIpAKEHUE -
"®eilHMaHOBY CYMMY MpEAbICTOPHUIl", OTpaxaroliee 3Ty
UACK0 W BOCHPOM3BOJAIIEE BCE 3aKOHBl KBAaHTOBOU
¢uzuku. Y @eiliHMaHa B TEOpPUM MaTeMaThyeckas u
¢u3uyeckass KapTHHbl PACXOAMINCh C  HMCXOJHBIMU
bopMyITUpPOBKaMU KBAaHTOBOM (DM3HMKH, HO TMpeACKa3aHUs
OBLITH TaKHMH XKe€.

B skcnepumente ¢ nByms npopessmu unen deiiHmana
CBOJIATCSI K TOMY, YTO YaCTHUI[bl BEIOUPAIOT MyTH, KOTOpPbIE
BEIyT JIMOO CKBO3b OJIHY MPOpPE3b, JIMOO CKBO3b BTOPYIO;
IIyTH, YTO BEAYT

hood of each slit along the way. According to the
quantum model, however, the particle is said to
have no definite position during the time it is
between the starting point and the endpoint.
Feynman realized one does not have to interpret
that to mean that particles take no path as they
travel between source and screen. It could mean
instead that particles take every possible path
connecting those points. This, Feynman asserted,
is what makes quantum physics different from
Newtonian physics. The situation at both slits
matters because, rather than following a single
definite path, particles take every path, and they
take them all simultaneously! That sounds like
science fiction, but it isn't. Feynman formulated a
mathematical expression—the Feynman sum over
histories—that reflects this idea and reproduces all
the laws of quantum physics. In Feynman’s theory
the mathematics and physical picture are different
from that of the original formulation of quantum
physics, but the predictions are the same.

In the double-slit experiment Feynman’s ideas
mean the particles take paths that go through only
one slit or only the other; paths that thread



CKBO3b IEPBYIO MPOPE3b, 3aTEM 00paTHO uepe3 BTOPYIO, U
BHOBb CHOBA Y€pe3 NEPBYIO; MYTH, BEAYIIHE B PECTOPaH,
r7ie MOJAKT KPEBETKU B COyce Kappu, 3areM K lOmnurepy,
3aKpy4MBasCh BOKPYI HETO HECKOJIBKO pa3 Iepen
BO3BpallleHHEeM O0paTHO; U Ja)xke IMyTH, YTO BEIYyT Yepe3
Bcenennyro u obpatHo. D10, mo MmHeHHo DeiliHMmaHa,
OOBSCHSICT, KaK YacTHUIa MOoJy4aeT MHPOPMALHUIO O TOM,
Kakve I@pOpe3U OTKPBITBI - €CIIM NIPOpe3b OTKPHITA,
yacTulla Hampamisiercs ckBo3b He€. Korma obe mpopesu
OTKPBITBI, IIYTHM YacTHUL], IIyTELUIECTBYIOLIUX 4Y€pe3 OLHY
Ipope3b, MOTYT IEPECEKAThCS C MYTSIMU 4Yepe3 BTOPYIO,
BBI3BIBAsl TEM CaMbIM HHTEp(EpeHInI0. BrITh MOXKET 3TO

MIPO3BYYUT HEBEPOSITHO, HO s HBIHEITHEH
dyHIaMEHTATLHON (PU3UKH B TEJIOM, U JIUIS 3TOH KHUTH B
yacTHOCTH, Teopus DeilHmMana okazajlacb  MHOIO

IMOJIE3HEC, UCM OpUTHHAJIbHAA.

through the first slit, back out through the second
slit, and then through the first again; paths that
visit the restaurant that serves that great curried
shrimp, and then circle Jupiter a few times before
heading home; even paths that go across the
universe and back. This, in Feynman's view,
explains how the particle acquires the information
about which slits are open—if a slit is open, the
particle takes paths through it. When both slits are
open, the paths in which the particle travels
through one slit can interfere with the paths in
which it travels through the other, causing the
interference. It might sound nutty, but for the
purposes of most fundamental physics done
today—and for the purposes of this book—
Feynman’s formulation has proved more useful
than the original one.



Tpaextopun yactuu. deitHmanoBckas GopMyIHpPOBKa KBAHTOBOH
TEOpHH OOBSICHSET, TOYEMY YaCTHIIBI — OAKNOOIIBI M JIICKTPOHBI —
CO3Jaf0T MHTEPPEPEHIIMOHHYIO0 KapTHHY, IPOXO/s Yepe3 IeNIN Ha
JKpaHe.

DEeliHMaHOBCKOE BHUJCHHE KBAHTOBOM PEAIBHOCTH
SIBJISIETCS. KJIFOUEBBIM B MTOHUMAHUU TEOPHUH, KOTOPHIE MBI
CKOPO TIPEICTaBUM, MTOATOMY CTOUT MOTPATUTh HEKOTOPOE
BpeMsl Ha TO, YTOOBI TMOHSTh, KaK TaM BCE YCTPOEHO.
[IpencraBbTe cebe mMpOCTOM mporecc, B KOTOPOM YacTUIIA
Y3 MyHKTa A HadMHaeT cBOE CBOOOJHOE IBMXKEeHHE. B
HproTtoHOBOW MoOIE€nM 3Ta dYacTUlAa MPOCIEIyeT MO
npsamoil. Ilo wucTedyeHMn HEKOTOPOro ONpeneIEHHOrO
BPEMEHH

Particle Paths Feynman'’s formulation of quantum theory provides a
picture of why porticles such as buckyballs and electrons form interference
patterns when they are shot through slits in a screen.

Feynman’s view of quantum reality is crucial in
understanding the theories we will soon present,
so it is worth taking some time to get a feeling for
how it works. Imagine a simple process in which a
particle begins at some location A and moves
freely. In the Newtonian model that particle will
follow a straight line. After a certain precise time



Mbl OOHAapyXHM 4YacTUIly B OIPEICIIEHHOM IyHKTe B,
HaxomsAmuMces Ha 3Tod npsMou. B momenu deitHmana
KBAaHTOBAs YacTHLa IPOBOAMUT BBIOOPKY BceX IIyTel,
COeIUHAIMX NYHKTBI A u b, cocraBiss npu 3ToM
YKCII0, Ha3blBaeMoe (a3oil i Kaxxaoro mytu. Jrta ¢asza
NpeCTaBIsieT COOOM Takoe IMOJIOKEHHE B BOJHOBOM
IIUKJIe, B KOTOPOM BOJIHA HAXOJUTCS JMOO HAa BEPXHEM,
1100 Ha HIDKHEM IUKe, WM I71e-To nocepeanne. ®opmyna
delilHMaHa 1O MaTeMaTHYECKOMY pacuéry 3Tou (a3sl
MOKAa3bIBAET, YTO KOTJa BBl CKJIAJbIBAETE BMECTE BOJIHBI
BCEX IyTEW, Bbl IOJy4YaeTe "aMIUIUTYAY BEpPOSITHOCTH"
JOCTHKEHMS JacTuled u3 nyHkra A nmyHkra b. A 3arem
KBaJZpaT aMIUIMTYAbl BEPOATHOCTH JA€T KOHEYHYIO
BEPOATHOCTb JIOCTHXKEHUS MyHKTa b.

@daza, B KOTOpPOH BCE OTHEIbHBIE IIyTH BXOIAT B
®eitHMaHOBY cymMMy (U, CJIE€I0BAaTElIbHO, B BEPOSITHOCTD
IPOXOXKJIEHUS IMyTH OT A K B) MoxeT ObITh npecTaBieHa
B BUJIE CTpPEJIbl ONPEIEIEHHON OTPaHUYEHHON JJIMHBI, HO
MOrylied BOTKHYThCSI B JIFOOOM HampaBieHuu. J[oGaBum
emé naBe (as3pl: MOMECTUM CTpeNy, MNPEeCTaBIISIIOILIYIO
oIHy (azy y HaKOHEYHMKa CTpeJbl, MNpeACTaBIsSIOIIEeH
Ipyryro ¢a3y, ¥ TeM caMbIM MOJIYYUM TpPETHIO, OOLIYIO
CTpelly, TpeJICTaBIAIOUIYI0 CyMMy. YUTOOBI yBEIMYUTH
KOJMU4ecTBO a3, MPOCTO MPOAOKANUTE J00aBIATH
CTpelbl. 3aMeTHM, 4TO KOrja (a3bl BHICTPOEHBI B JIMHUIO,
CTpera, MpeACTaBIsIonas CyMMy

passes, we will find the particle at some precise
location B along that line. In Feynman’s model a
quantum particle samples every path connecting A
and B, collecting a number called a phase for each
path. That phase represents the position in the
cycle of a wave, that is, whether the wave is at a
crest or trough or some precise position in
between. Feynman’s mathematical prescription
for calculating that phase showed that when you
add together the waves from all the paths you get
the “probability amplitude” that the particle,
starting at A, will reach B. The square of that
probability amplitude then gives the correct
probability that the particle will reach B.

The phase that each individual path contributes
to the Feynman sum (and hence to the probability
of going from A to B) can be visualized as an arrow
that is of fixed length but can peoint in any
direction. To add two phases, you place the arrow
representing one phase at the end of the arrow
representing the other, to get a new arrow
representing the sum. To add more phases, you
simply continue the process. Note that when the
phases line up, the arrow representing the total



MOXXET OBITh JOBOJBHO JiauHHOW. Ho ecnmm cTpens
HANpaBlIeHBI B pa3HbIE CTOPOHBI, TO OHU OBICTPO
3aKaHYMBAIOTCA, IO Mepe MX A00aBJIEeHUS, OCTaBJIss Bac C
COBCEM HEOOJBIIMM KOJHMYECTBOM CTpel. OTa wujaes
n300pakeHa Ha PUCYHKE HUXKE.

Jlns BeimonHeHus yciosui deliHMaHa 1O pacdéry
BEPOSITHOCTHOW aMIUIUTY/bl, YTO YacTHIa U3 IyHKTa A
JOCTUTHET IMyHKTa b, BBI IPOCTO cKiaapiBaeTe (ha3bl WK
CTpEJIbl, IPEICTABIIIOIIMMU BCE IIyTH, CBA3BIBAIOIINE A U
b. CymectByromux nyreid 06CKOHEUHO MHOTO, YTO CJIETKa
YCIOXKHAET pacy€Thl, HO OTOT CHmoco0 paboTaer.
Hexotopsie myTu nokazaHbl HUXKE.

can be quite long. But if they point in different
directions, they tend to cancel when you add
them, leaving you with not much of an arrow at
all. The idea is illustrated in the figures below.

To carry out Feynman’s prescription for
calculating the probability amplitude that a
particle beginning at a location A will end up at a
location B, you add the phases, or arrows,
associated with every path connecting A and B.
There are an infinite number of paths, which
makes the mathematics a bit complicated, but it
works. Some of the paths are pictured below.



Jononunrenbusie @eiinmanoBckue TpaexkTopuu. DpQexTs! B
pa3zmuHbIX PeHHMaHOBCKUX ITyTAX MOTYT, IIOZOOHO BOJIHAM,
CKJIA/IBIBAThCSI MITH TacUThCs. JKenTble CTPeKH MpeACTaBISIIOT (asbl,
KOTOpbIe OyayT noOaBiIeHbl. CHHHE CTPENKH HPEICTABISIOT HX
CyMMYy, JINHUS OT Ha4aja NepBOM CTPEIKHU J0 TOUYKH nocneanei. YyTs
HWKE CTPEJNIKH APYrOro HaNpaBIEeHNs U UX CyMMa, CHHSS JIMHUS,
OUYeHb KOPOTKasl.

Teopuss @eliHMaHa O4YEHb YETKO IIOKA3BIBAET, Kak
MOXHO BbIBECTH HBIOTOHOBY KapTHHY MHPOBOCHPHUSTHS
W3 KBAHTOBOW  (PU3MKH, KAXKYIICHCS  COBEPIICHHO
ornuyHod. Cornacno DeitHMaHOBOW TeopuH, (hasbl
CBSI3aHHBIE C KAXKJIBIM ITYyTEM 3aBHUCST OT

Adding Feynman Paths The effects due to different Feynman paths can
enhance or diminish each other just as waves do. The yellow arrows rep-
resent the phases to be added. The blue lines represent their sum, o line
from the tail of the first arrow to the point of the last one. In the lower
image the arrows point in different directions and so their sum, the blue
line, is very short,

Feynman’s theory gives an especially clear
picture of how a Newtonian world picture can arise
from quantum physics, which seems very
different. According to Feynman’s theory, the
phases associated with each path depend upon



nocrosiHHOM  IInanka. Teopust mpeanuchbIBaeT, YTO
IIOCKOJIbKY TocTosiHHas IlnaHka siBisieTcs O4eHb MajbIM
YUCJIOM, TO, KOrJa BBl CKJIAJbIBAETE CyMMy IyTEW,
ONMU3KUX JIPYTY OPYTY, UX (pa3sl CHIBHO BapbUPYIOTCH, U,
KaK BUJHO Ha PHCYHKE, UX CymMMa B pe3ynbrare Oyjaer
CBOAUTHCA K Hymto. Ho Teopus Takxke moKa3bIBaeT, YTO
CYILIECTBYIOT ONpeesieHHbIe MyTH, (Pa3bl KOTOPHIX UMEIOT
TEHJCHIIUIO BBICTPOUTHCS B JIMHUIO,  UMEHHO OHM JalOT
cymMMy 0oJjiee MPEANOYTHTEIbHYIO (3HAYUTENBHYIO) IS
U3YYEHHUs Ipolecca NoBeJleHus: yacTuibl. Oxa3bIBaeTcs,
YTO TNPUMEHUTENBHO K OONBIIMM OOBEKTaM, IyTH,
noJo0HBIE TEM, YTO TMpencka3anbl Teopueil HpioToHa,
Oynyr wumerh mnomoOHble (a3pl, W B CyMMe JAaayT
HauOOJIBIIIYI0  COCTaBjsioNIyr0.  Takum  oOpaszom,
€UHCTBEHHBIM  KOHEYHBIM  IIYHKTOM,  HMMEIOIIUM
IPAKTUYECKYI0 BEpPOATHOCTb OoJblle Hynsd, Oyzaer
KOHEYHBIN IyHKT, NpeACKa3bIBacMblii Teopuel HeproToHa,
U 3TOT IYHKT OyJIeT UMETh BEPOSATHOCTb OUYE€Hb OJIM3KYIO K
eaunuie. CrnenoBaTenabHO, O0JbIINE OOBEKTHI ABUTAKOTCS
MMEHHO TakK, KaK INpejcka3biBaeT Teopusi HproToHa.

Planck’s constant. The theory dictates that
because Planck’s constant is so small, when you
add the contribution from paths that are close to
each other the phases normally vary wildly, and
50, as in the figure above, they tend to add to zero.
But the theory also shows that there are certain
paths for which the phases have a tendency to line
up, and so those paths are favored; that is, they
make a larger contribution to the observed
behavior of the particle. It turns out that for large
objects, paths very similar to the path predicted by
Newton’s will have similar phases and add up to
give by far the largest contribution to the sum, and
so the only destination that has a probability
effectively greater than zero is the destination
predicted by Newtonian theory, and that
destination has a probability that is very nearly
one. Hence large objects move just as Newton’s
theory predicts they will.



IIyts u3 A B B. “Knaccuueckuil” myTs MeXay IBYMsI TOUKaMH — 3TO
npaMas TuHusL. Das3sl MyTel, KOTOpble PAcIoIOKEHBl OIU3KO K
KJIACCHYECKOMY ITyTH, UIMEIOT TEHACHIUIO YBEINYUBATh APYT APYTa, B
TO BpeMs Kak (a3bl MyTeil Jajblie OT HEro NMEIOT TeHICHINIO
YPaBHOBEIIMBATHCSL.

[Toka uto mbl 06cyxnanu unen OeifHMana B KOHTEKCTE
JKCIEpUMEHTa C  JBOMHOM  1mpope3bro. B sTtom
JKCIIEPUMEHTE YaCTHLBI 3allyCKaJuCh B HaIPaBICHUU
CTEHKM C Tpope3siMH, H MBI  HU3MEPSUIM  HX
MECTOIIOJIOKEHNE HA DKPAHE, IIOMEIIEHHOM 3a CTEHKOM, B
KOTOPBIM TOMajaid 4YacTuilbl. B o0miem, BMeCTO JHIIb
OAHOM dyacTuipl, Teopus DeldHMaHa MO3BOJSAET HaM
MPEICKa3bIBATh

The Paths from A to B The “classical” path between two points is a
straight line. The phases of paths that are near to the classical path tend to
enhance each other, while the phases of paths farther from it tend to
cancel out.

So far we have discussed Feynman’s ideas in
the context of the double-slit experiment. In that
experiment particles are fired toward a wall with
slits, and we measure the location, on a screen
placed beyond the wall, at which the particles end
up. More generally, instead of just a single particle
Feynman’s theory allows us to predict the



BEPOSITHBIC PE3yJbTaThl "CHCTEMBI", KOTOpas Morja Obl
ObITh YaCTHUILIEM, pAOOM YaCTUL, WIM JaXKe Bcel
Bcenennoit. Mexay HayaabHbIM COCTOSIHUEM CHCTEMBI U
HAaIllUM TOCIEAYIOIIMM OINPEIEIICHUEM €€ CBOWCTB, 3TH
CBOMCTBA HBOJIIOLIMOHUPYIOT HEKOTOPBIM IIyTEM, KOTOPBIN
(Gu3uKK Ha3BIBAIOT UCTOPUEH cHCTEMBI. B aKcriepuMeHnTe ¢
JIBOMHON MpOpe3bl0, HAlpUMEp, HCTOPUS 4YacTULbI -
MPOCTO €€ NyTh. Tak »Ke, Kak ISl JKCHEPUMEHTA C
JIBOMHON MpOpe3bl0 BO3MOXKHOCTH HAOIIOAATh, YTO
YacTUIA MPU3EMIIUTCA B JIFOOOW JAHHOW TOYKE, 3aBUCUT
OT BCeX IyTeH, KOTOPbIE, MOTTIU ObI TaM OBITh MOJIYYEHBI,
®delfHMaH MoKa3aj, YTo JJIsl 00IIe CUCTEMBbI BEPOSITHOCTD
a1000r0 HAOMIOACHHS MOCTPOEHA M3 BCEX BO3MOXKHBIX
UCTOPUM, KOTOpbIE MOTJIM OBl TPHUBECTH K ITOMY
HaOmoneHuto. M3-3a 3TOro ero Meroja, Ha3BaHHBIM
"cymmoit 1o ucropusMm" wid  "albTEPHATUBHBIMHU
uctopusiMu",  sBIseTCS  (HOPMYIHUPOBKOM  KBAHTOBOM
bu3uku.

Tenepp, korna y Hac ectb MHEHUME 0 DEHHMaHOBCKOM
MoAX0oA€ K KBAHTOBOM  (PU3MKe, TMPUIUIO BpeMs
HCCIIEIOBATh JAPYrOM KIIFOYEBOM KBAHTOBBIM MPUHLMII,
KOTOPBIA MBI OyJ€M HCIOJIb30BaTh IMO3KE — MPHUHIIUII,
YTO HaOJIIO/IEHNE CUCTEMBI JOHKHO MEHSTH €€ TIOBe/IeHHE.
MoxkeM 1M MbI, Kak Mbl JelaeM, KOrja Yy Hallei
HAYaJbHUIBI HA TTOI00POJIKE TISATHO TOPUYHIIBI, OCTOPOKHO
Ha0II01aTh, HO HE BMelnBarecs? Her.

probable outcomes of a “system,” which could be a
particle, a set of particles, or even the entire
universe. Between the initial state of the system
and our later measurement of its properties, those
properties evolve in some way, which physicists
call the system’s history. In the double-slit
experiment, for example, the history of the particle
is simply its path. Just as for the double-slit
experiment the chance of observing the particle to
land at any given point depends upon all the paths
that could have gotten it there, Feynman showed
that, for a general system, the probability of any
observation is constructed from all the possible
histories that could have led to that observation.
Because of that his method is called the “sum over
histories” or “alternative histories” formulation of
quantum physics.

Now that we have a feeling for Feynman'’s
approach to quantum physics, it is time to
examine another key quantum principle that we
will use later—the principle that observing a
system must alter its course. Can’t we, as we do
when our supervisor has a spot of mustard on her
chin, discreetly watch but not interfere? No.



CormacHo KBaHTOBOHM (u3uke, Bbl He MoxeTe "mpocTo"
HaOmronate 3a uyem-nubo. Takum oOpa3oM, KBaHTOBas
dbu3MKa IpU3HAET, YTO, YTOOBI MPOU3BECTH HAOJIOJECHUE,
BEI 10KHBI B3anMOJIEliCcTBOBATE ¢ HaOMIOgaeMbIM Bamu
obbekToM. Hampumep, d9ToObI BHAETH OOBEKT B
TPAIUIIMOHHOM CMBICIIC, MBI CBETHM Ha HErO CBETOM.
OcgerieHre THIKBBI OKa)XET Ha Hee, KOHEUHO, HE OOJIBIION
apdexkr. Ho ocBemeHne Jgaxke TYCKJIBIM  CBETOM
KpOILIEYHONH KBAaHTOBOW YACTHIIBI - TO €CTh, CTpesib0a B
Hee (oToHAMM — JIEHCTBUTENBHO HMMEET OLIYTHMBIA
3¢(dexT, U OmBIT MOKa3bIBAET, YTO OTO H3IMEHSET
pe3yNIbTaThl IKCIIEPUMEHTA TOYHO TaK, KaK OITHCHIBACT
KBaHTOBas (hU3HKa.

[Ipenmoynoxum, 9TO, KaK W pPaHbIIC, Mbl HAIPaBISICM
MOTOK YacTUI[ Ha Oapbep B OSKCIEPUMEHTE C JIBOHHOM
pope3pl0 U CcOOMpaeM JaHHbIE O TEPBOM MUJUIMOHE
mpomenmux — vactui.  Korma MBI ompenenseM
MECTOIIOJIOKCHHE  psAJla  YacTHIl, OKAa3aBIIUXCS B
pa3IMYHBIX TOYKaX OOHApYyXKEHUSs, NaHHbIE CHOPMHUPYIOT
MPEJICTABICHHYIO KapTHHY HHTEP(EPCHIIMH, U KOT/Ia MBI
no0aBUM (a3bl, CBSI3aHHBIE CO BCEMH BO3MOXKHBIMH
MyTSIMH YaCTHI[bl OT OTHPAaBHOW TOYKH A 10 €€ TOYKH
oOHapyxeHus B, Mbl 00HapY UM, YTO BEIYMCIICHHAS HAMU
BEPOSATHOCTH TIOMAaHNS B Pa3IMIHBIC TOYKH COTIIACYeTCs
C OTUMHU JaHHBIMHU.

Tenepp  TPEANONIOKHM, 9TO MBI
9KCIIEPUMEHT,

MIOBTOPSIEM

According to quantum physics, vou cannot “just”
observe something. That is, quantum physics
recognizes that to make an observation, you must
interact with the object you are observing. For
instance, to see an object in the traditional sense,
we shine a light on it. Shining a light on a pumpkin
will of course have little effect on it. But shining
even a dim light on a tiny quantum particle—that
is, shooting photons at it—does have an
appreciable effect, and experiments show that it
changes the results of an experiment in just the
way that quantum physics describes.

Suppose that, as before, we send a stream of
particles toward the barrier in the double-slit
experiment and collect data on the first million
particles to get through. When we plot the number
of particles landing at various detection points the
data will form the interference pattern pictured,
and when we add the phases associated with all
the possible paths from a particle’s starting point A
to its detection point B, we will find that the
probability we calculate of landing at various
points agrees with that data.

Now suppose we repeat the experiment, this



Ha JTOT pa3, OCBellas MPOpPE3H CBETOM TaK, YTOOBI
3aukcupoBaTth mpoMexyTouHbli myHKT C, depe3
KoTopeiii mporuia vactuna. (C sABiIseTCS TONI0KEHHEM
aubo OoJHOrO paszpesa, JUOO IPYroro). DTO HA3BIBAIOT
nHpopmaruerr "BeIOOpa MmyTH", MIOTOMY YTO OHA TOBOPHUT
HaM, cJIeZloBajla JIM KaxkJas yacTula oT A K npopesu 1 u x
B, wim ot A k mpope3n 2 u k B. Tak xak MbI Tenepnb
XOpOILIO 3HaeM, 4epe3 KaKylo Mpope3b MPOXOIUT Kaxaas
YyacTHlla, Hallla CyMMa JUIsl 9TOM yacTHllbl OyAeT Tenepb
BKJIIOYaTh TOJIBKO IYTH, KOTOpBIE NPOXOASAT 4epes
npopesb 1, MO0 TONBKO MYTH, KOTOPHIE MPOXOAT Yepes
npope3b 2. OHa HUKOrja He OyaeT BKIOYaTb U IYTH,
OPOXOJAIINe 4epe3 mpope3b 1, U MyTH, HPOXOIIIne
yepe3 mnpope3b 2. Ilockonbky @DelHMaH OOBSICHUI
KapTUHY UHTep(epeHIun, yKa3aB, 4TO MYTH, KOTOpHIE
IPOXOJAT Yepe3 OJHY MPOpe3b, CTAIKUBAIOTCA C MYTAMH,
KOTOpBIE MPOXOJAT 4epe3 IpYryro, eciau Bel BkiItodaere
CBET, UTOOBI ONPENETUTh, UePE3 KaKyIo MPOpe3b MPOXOAIT
YacTUIlbl, TEM CaMbIM HCKJIIOYas ApPYrod BapHaHT, Bl
3acTaBUTE KapTHHY WHTep(EpeHIu:n HCYe3HyTh. U
JeMCTBUTENIBHO, €CIAM 3TOT HKCHEPUMEHT BBIIOIHUTS,
BKIIIOYCHHE CBETAa M3MEHSET pe3yJbTaThl C KapTHHEI
UHTEeppEepeHIIMY Ha KapTuHY, MoaoOHyro stoi! Kpome
TOTO, MBI MOYXEM HW3MEHSTh OSKCIEPUMEHT, HCIOIb3Ys
OueHb Clabbli  CcBeT, UTOOBl HE BCE  YACTHIIBI
B3alMOJICHCTBOBAJIN CO CBETOM. B

time shining lights on the slits so that we know an
intermediate point, C, through which the particle
passed. (C is the position of either one of the slits
or the other.) This is called “which-path”
information because it tells us whether each
particle went from A to slit 1 to B, or from A to slit
2 to B. Since we now know through which slit each
particle passed, the paths in our sum for that
particle will now include only paths that travel
through slit 1, or only paths that travel through slit
2. It will never include both the paths that go
through slit 1 and the paths that pass through slit
2. Because Feynman explained the interference
pattern by saying that paths that go through one
slit interfere with paths that go through the other,
if you turn on a light to determine which slit the
particles pass through, thereby eliminating the
other option, you will make the interference
pattern disappear. And indeed, when the
experiment is performed, turning on a light
changes the results from the interference pattern,
to a pattern like that! Moreover, we can vary the
experiment by employing very faint light so that
not all of the particles interact with the light. In



9TOM ClIydae Mbl MOXEM IOJIy4UTb HH(POPMALUIO O
BBIOOpE MYTH TOJIBKO MJIi HEKOTOPOTO IOJAMHOMKECTBA
yactul. Eciu Mbl 3aTeM pas3jienuM JaHHble O NMPUOBITUH
YaCTHUIIBl COTJIACHO TOMY, MOJIy4YaJld JIK Mbl UH(OPMAIIHIO
0 BbIOOpE IYTH WM HET, Mbl OOHAPYXKUM, YTO JIaHHBIE,
UMEIOIME OTHOUICHNE K MOAMHOXXECTBY, JJISI KOTOPOTO Y
HaC HeT HMKakod uHpopMauuu o BbIOOpe IYTH,
chopMHPYIOT KapTUHY UHTEp(EPEHLINH, @ TOJIMHOKECTBO
JAHHBIX, UMEIOLINX OTHOLIEHHUE K YaCTUIaM, AJIs1 KOTOPBIX
y Hac ectb nH(OpPMAIHs 0 BEIOOPE IMyTH, HHTEp(EepeHINN
HE MTOKaXXeT.

Orta wumes WMEeT BaXHOE 3HAUYCHWE IS HAIIero
noHsatus  "mpomwioro” B HploToHOBOW < Teopum
IpeaIoiaraeTcs, YTO MPOLUIOE CYLIECTBYET B BHJE
ornpeneneHHoro psaa coobituid. Eciu Bbel Buaure, 4urto
Ba3a, KOTOpywo Brl kynwin B Mrtanuu B npounuiom roxpy,
JEeKUT pa3duTas Ha moiry, a Bam manelm, crosmmid Haj
HEH, BBIMISAIUT 3aCTEHYMBO, BBl MOXXETe MPOCIECTUTH
Ha3ajJ COOBbITHSA, KOTOpbIE NPUBEIM K HENPUATHOCTH:
MaJIeHbKHE TajbIlbl pPa3KUMAIOTCS, Ba3a TMaaaeT W
pa3OuBaeTcst Ha ThICSYy 4YacTed, Kak oOHa Oblia
oOHapykeHa. DaKTUYECKH, YIUTHIBAas MOJHBIE TAaHHBIE O
HacToOsIEeM, 3aKoHbl HbIOTOHA NO3BOJISIIOT BBIYMCIUTH
MOJTHYIO KapTHHY MPOMNLIOro. DTO COBMECTUMO C HAILINM
UHTYUTUBHBIM MMOHMMaHHEM, YTO, WIH HENPUSATHOE, WIH
CYaCTJIMBOE, y MHpa €CTh OIpEAEIEHHOE MPOILIOE.
Bo3MmoxxHO, HE OBLIO HU

that case we are able to obtain which-path
information for only some subset of the particles.
If we then divide the data on particle arrivals
according to whether or not we obtained
which-path information, we find that data
pertaining to the subset for which we have no
which-path information will form an interference
pattern, and the subset of data pertaining to the
particles for which we do have which-path
information will not show interference.

This idea has important implications for our
concept of “the past.” In Newtonian theory, the
past is assumed to exist as a definite series of
events. If you see that vase you bought in Italy last
year lying smashed on the floor and your toddler
standing over it looking sheepish, you can trace
backward the events that led to the mishap: the
little fingers letting go, the vase falling and
exploding into a thousand pieces as it hits. In fact,
given complete data about the present, Newton’s
laws allow one to calculate a complete picture of
the past. This is consistent with our intuitive
understanding that, whether painful or joyful, the
world has a definite past. There may have been no



OJIHOTO HAOIOJIEHUs, HO TPOILIOE CYIIECTBYET TaK K€
HECOMHEHHO, KaK OyATo BEI clienanu cepuro ero CHUMKOB.
Ho Henb3s ckaszarh, YTO KBAaHTOBBIA OAKKHOOIUT TIpOIeTal
ONPEAEIIEHHBIN IYyTh OT UCTOYHUKA 0 dKpaHa. Mbl MOIIH
Obl TOYHO ONPEACIUTh MECTOIOJIOKEHUE OaKKHOOIa,
HaOMOast 32 HUM, HO MEX]y HalIMMH HaOIIOACHHUSIMH
TpeOyroTcs Bce nyTtH. KBaHTOBass u3MKa TOBOPUT HaM,
YTO HE3aBHCHMO OT TOI'0, HACKOJIBKO JETalbHO Halle
HaOJIOZICHUE HACTOSAIIEro, (HeHaOt0gaeMoe) MpOIIIoe,
KaK 1 Oyayiiee, HEOMPEIEICHHO U CYIECTBYET TOJIBKO B
BHUJIE CIIEKTpa BO3MOKHOCTeH. Y BceneHHo#, coriacHo
KBAaHTOBOH (DHM3HMKE, HET €JUHCTBEHHOI'O MPOILIOTO HWIIH
HCTOPHHU.

®dakT, YTO MPONIUIOE HE MPUHUMAET ONpPEIeTICHHOMN
dbopMbI, O3HAYaeT, YTO HAOJIOJIEHUS] CHUCTEMBI, KOTOPHIC
Br1 nenaete B HacTosAIEM, 3aTParuBalOT €€ MPOILIoe. ITO
JIOBOJILHO HATJISTHO TOTYEPKHYN 00pa3el] SKCIeprUMEeHTa,
IpOAyMaHHOro Gu3ukoM JI>koHOM Yuiepom, Ha3BaHHOTO
JKCIIEPUMEHTOM C OTJIOKEHHBIM BBIOOpOM. Kpatko,
SKCTIEPUMEHT C OTJIOKEHHBIM BHIOOPOM TOXO0K Ha TOJIBKO
YTO OMMUCAHHBIA HAMU SKCIIEPUMEHT C IBOMHOM NIPOPE3BIO,
B KOTOpoM y Bac ecTb BO3MOXHOCTh BbIOOpa, HAOIIOAATh
JY MYTh, NPOAEIAHHBIA YaCTUIIEH, 32 UCKIIFOUEHHUEM TOTO,
YTO B OKCIEPUMEHTE C OTJIOXKEHHBIM BBIOOpOM BhI
OTKJIaJIbIBA€TE CBOE pEIICHHEe, HAOII0IaTh MyTh WIH HET,
JI0 CaMOI'0 MOMEHTA, ITOKa YaCTHIA

one watching, but the past exists as surely as if you
had taken a series of snapshots of it. But a
quantum buckyball cannot be said to have taken a
definite path from source to screen. We might pin
down a buckyball’s location by observing it, but in
between our observations, it takes all paths.
Quantum physics tells us that no matter how
thorough our observation of the present, the
(unobserved) past, like the future, is indefinite
and exists only as a spectrum of possibilities. The
universe, according to quantum physics, has no
single past, or history.

The fact that the past takes no definite form
means that observations you make on a system in
the present affect its past. That is underlined
rather dramatically by a type of experiment
thought up by physicist John Wheeler, called a
delayed-choice experiment. Schematically, a
delayed-choice experiment is like the double-slit
experiment we just described, in which you have
the option of observing the path that the particle
takes, except in the delayed-choice experiment
you postpone your decision about whether or not
to observe the path until just before the particle



HE MOMajaeT Ha AETEKTOPHBIN SKpaH.

OKCIIEpUMEHTHl C OTJIOKCHHBIM BBIOOPOM  HUMEIOT
CBOMM pe3yJbTaTOM JaHHbIC, UACHTUYHBIC TEM, YTO MBI
MoJTydaeM, Korja XOTUM HaOoaTh (MM He HAOII0aTh)
uH(pOpMaLIHIO O BEIOOPE MYyTH, HEMIOCPEICTBEHHO CIIEs 32
npopes3siMu. Ho B 3TOM citydae nmyTh KaKIOW 4acTHULIbI —
TO €CTbh, €€ MPOIITI0e — OyJIeT OINpeIesIeH HAMHOTO M03XKe
TOr0, KaKk OHa MpoIllia 4epe3 Mpope3H, U, IO-BUIUMOMY,
JOJIKHA ObUIa «PELIUThY, MePEMEIAThCS T TOJIBKO Yepes
OJIHY TIpOpe3b, HE BBI3BIBasl MHTEP(HEPEHINIO, WA Yepes3
00e, BBI3LIBASL.

Bunep paxe paccmaTpuBall KOCMHUYECKYIO BEPCHUIO
JKCIIEPUMEHTA, B KOTOPOM  paccMaTpuBaeMbIMU
YacTUIIAMH CITy’KaT (OTOHBI, HCITyCKaeMble CHIbHBIMHU
KBa3apaMH C PACCTOSHUS B MUJUTHAPIbI CBETOBBIX JIET.
Takoli cBeT MOT OBITh pacIICIUICH Ha JIBE TPACKTOPHU H
nepeoKyCUpOBaH B HaIlpaBJICHUU 3emun
rpaBUTAIMOHHOM JIMH301 rajakTHUKU, JIexKaniei
nocpearHe. XOTS ATOT AIKCHEPUMEHT HENOCATaeM IIpH
HBIHEIIHUX TEXHOJIOTHSX, €CIM Mbl MOTJIM Obl coOpaTh
JIOCTaTOYHO MHOTO (DOTOHOB 3TOr0 CBETA, OHM JIOJIKHBI
chopMupoBath KapTHHY uHTepdepeHuuu. Bee xe, ecnu
MBI TTOMEIIaeM YCTPOMCTBO I MONy4YeHUs UH(pOpMaIuu
0 BbIOOpE MyTHU cpasy Hepel JETEeKTOPHBIM 3KpaHOM, 3Ta
KapTHUHa JOJDKHA HCYe3HYTh. BbIOOp, M30paTh Ju OAMH
yTh WK 00a, B TOM Citydae ObUT ObI CACIIaH MUJUTHAPIBI
JIeT Ha3a/l,

hits the detection screen.

Delayed-choice experiments result in data
identical to those we get when we choose to
observe (or not observe) the which-path
information by watching the slits themselves. But
in this case the path each particle takes—that is, its
past—is determined long after it passed through
the slits and presumably had to “decide” whether
to travel through just one slit, which does not
produce interference, or both slits, which does.

Wheeler even considered a cosmic version of
the experiment, in which the particles involved are
photons emitted by powerful quasars billions of
light-years away. Such light could be split into two
paths and refocused toward earth by the
gravitational lensing of an intervening galaxy.
Though the experiment is beyond the reach of
current technology, if we could collect enough
photons from this light, they ought to form an
interference pattern. Yet if we place a device to
measure which-path information shortly before
detection, that pattern should disappear. The
choice whether to take one or both paths in this
case would have been made billions of years ago,



JI0 TOTO Kak Obuta chopmupoBaHa 3eMJsl MIIH, BOSMOXKHO,
naxxe namie ColHIIE, U BCE XK€ HaIIMM HAOIIONEHHEM B
1ab0paTopuu MbI MOBJIHSIEM Ha 3TOT BBIOOP.

B oroii r1imaBe MBI MIUTIOCTPUPOBAIM  KBAHTOBYHO
(bU3HKY, UCTIOIB3YS SKCIIEPUMEHT C IBOMHOM IIpope3bio. B
JanbHEHIIeM Mbl IPUMEHHM (OPMYIHPOBKY KBAaHTOBOM
Mmexannku @eiinmana k Bcenennoin B 1nenoM. Ml
YBUAMM, UYTO, KaK W 4acTHla, BceleHHas nMeeT He OJIHY
JUIIb €IUHCTBEHHYIO UCTOPHIO, HO Y KaXK/10M BO3MOXKHOU
UCTOPUU €CTh COOCTBEHHAas BEPOSTHOCTh, W HaIIH
HAOJIO/IEHUS 32 €€ TEKYIIUM COCTOSIHHEM 3aTParuBaioT ee
Opouuioe W O0YCIaBIMBAIOT — Pa3jMYHbIE  HCTOPHUHU
Bcenennoii, takke kak HaOMIOJeHHsS 3a YacTULIAMU B
DKCIIEPUMEHTE C JIBOMHOM IIPOPE3BI0  3aTparuBaroT
NPOLIJIOE YacCTULl. ITO PACCMOTPEHUE IOKAKET, Kak
3aKOHBI IIPUPOJBI B Halle BceneHHOW BO3HUKIN U3
Bonsmoro B3psiBa. Ho mpexxae yem Mbl HccaenyeM, Kak
BO3HUKJIM 3aKOHBI, MBI HEMHOT'O IOrOBOPUM O TOM, YTO
9TH 3aKOHBl COOOI0 MPEACTaBIAIOT, M O HEKOTOPHIX
TalfHaX, KOTOpPbIE OHU 3a COOOM BIIEKYT.

before the earth or perhaps even our sun was
formed, and yet with our observation in the
laboratory we will be affecting that choice.

In this chapter we have illustrated quantum
physics employing the double-slit experiment. In
what follows we will apply Feynman’s formulation
of quantum mechanics to the universe as a whole.
We will see that, like a particle, the universe
doesn’t have just a single history, but every
possible history, each with its own probability; and
our observations of its current state affect its past
and determine the different histories of the
universe, just as the observations of the particles
in the double-slit experiment affect the particles’
past. That analysis will show how the laws of
nature in our universe arose from the big bang.
But before we examine how the laws arose, we'll
talk a little bit about what those laws are, and
some of the mysteries that they provoke.
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TEOPUA BCET'O LHE THEORY
OF EVERYTHING



Camoe nenocmuxcumoe 6o Bcenenmnou mo, umo oHa
noCMuMCUMA.

- AJIBBEPT DUHILTENH

BCEHEHHA}I [NOCTUXUMA, notomy 4TO €10

VOPABJISIIOT HAy4yHbIE 3aKOHBI; TO €CTh €€ TOBEICHUE
MOXXHO cMojenupoBaTb. Ho 4TO 3TO 3a 3aKOoHBI WIH
moxaenu? IlepBas cwmia, omucaHHas MaTEMaTHYECKUM
A3BIKOM, OblIa CHJIOM TSKECTU. 3aKOH MPUTSKEHHS
Hprotona, omy6iukoBanHbIi UM B 1687 Toy, TJIaCUT, YTO
KOKJbIH O00BEKT BO BceneHHOW mNpUTATHBaET JIFOOOH
JIpyroil oOBEKT C CHJION MPONOPLUUOHAIBHOW €ro Macce.
OH  mnpousBen  3HAYUTEIBHOE  BIIEYATIEHUE  Ha
WHTEJUIEKTYaJIOB TOTO BPEMEHH, MOTOMY UYTO B TIEPBBIN
pa3 ObUIO TOKa3aHO, YTO MHUHUMYM OJUH AacCIeKT
Bcenennoii Mor ObITh TOYHO CMOJIETHPOBAH, YTO MIPUBEIIO
K CO3JaHUI0 MaTeMaTHYecKOro  ammapara, dYToOBbI
MPOCUUTHIBATh 3TO. Hjes, 4YTo CyIIECTBYIOT 3aKOHBI
MPUPOJIbI, ObLTA MOX0Xa Ha Ty, 3a uTo ['anuies oOBUHUIH
B epecu okoio 50 ner no sroro. Hampumep, B bubnuu
roBopurcs, uro Uucyc HaBun mommics, yto6sr ConHile u
JlyHa ocTaHOBWIJINCH, TaK YTOOBI Y HETO

The most incomprehensible thing about the
universe is that it is comprehensible.
—ALBERT EINSTEIN

THE UNIVERSE IS COMPREHENSIELE
because it is governed by scientific laws; that is to
say, its behavior can be modeled. But what are
these laws or models? The first force to be
described in mathematical language was gravity.
Newton’s law of gravity, published in 1687, said
that every object in the universe attracts every
other object with a force proportional to its mass.
It made a great impression on the intellectual life
of its era because it showed for the first time that
at least one aspect of the universe could be
accurately modeled, and it established the
mathematical machinery to do so. The idea that
there are laws of nature brings up issues similar to
that for which Galileo had been convicted of
heresy about fifty years earlier. For instance, the
Bible tells the story of Joshua praying for the sun
and moon to stop in their trajectories so he would



OBLT OBl JIMIITHUN CBETJIBIN JIEHb, YTOOBI YCTIETh 3aKOHYHTH
cpaxxenue AmoppeeB B Xanaane. Kak numercs B 6ubnum,
ConHile TpoAoHKaIo CBETUTH LIeNble CYTKHU. Tenepb MbI
3HaeM, 4YTO 3TO O3Hauyajgo Obl, 4TO 3emiid MpeKpaTuia
Bpamatecs. Eciau 3emiisi 0CTaHOBUTCS, B COOTBETCTBUE C
3akoHamMH HpIOTOHA Bce HE3aKpeIICHHbIE OOBEKTHI Ha
Hell OyAyT NpoAOKaTh JBUTATbCA [0 HMHEPUUU CO
ckopocthio BpameHus 3emun (1700 km/gac Ha 3KBaTope)
— BBICOKasi IIeHa 3a MPOJOJKEHHE COJHEYHOTO [HS.
Opnnako camoro HproTOHA 5TO HE BOJIHOBAJIO, TIOCKOJIBKY,
KaK MbI y>ke oTMedanu, HploToH Bepui B T0, 4To bor mor
BMCIIMBATHCS W BMEIIMBAICS B (YHKIMOHHPOBAHHE
Bcenennoid.

Cnenyroumm acniektoM BceenenHoil, i1 KOTOpOro
OBUITM  OTKPBITHI  3aKOHBl WJIM MOJETH, SBISIOTCS
QJIGKTPUYECKUE W MarHuTHbIE CHIbl. VX TMoBencHHE
MoJ0OHO TpaBUTAIUU, C BAXKHBIM OTIUYHMEM, YTO [Ba
ANIEKTPUYECKUX 3apsija WU JBa MarHuTa OJHOTO THUIIA
OTTaJIKUBAIOT JIPYT JIpyra, a pa3HOTO THUIA - PUTATUBAIOT.
DNEKTPUYECKHE U MarHUTHBIC CHIIBI 00JIee CHIIbHBIC, YeM
CUJIBI TPaBUTAIlMU, HO MBI OOBIYHO HE 3aMe4yaeM HX B
MOBCEIHEBHON JKU3HU, MOTOMY YTO MAaKPOCKOTHYECKHE
Tena coJiepkar MOYTH paBHOE KOJMYECTBO
MOJIOKUTEIBHBIX M OTPHUIATEIBHBIX  3apsIoB.  ITO
03HAYAET, YTO AIEKTPUUYECKHE U MATHUTHBIC CHIIBI MEXKTY
JBYMsI MAKPOCKOITUYECKIMHU TeJIaMHU

have extra daylight to finish fighting the Amorites
in Canaan. According to the book of Joshua, the
sun stood still for about a day. Today we know that
that would have meant that the earth stopped
rotating. If the earth stopped, according to
Newton’s laws anything not tied down would have
remained in motion at the earth’s original speed
(1,100 miles per hour at the equator)—a high price
to pay for a delayed sunset. None of this bothered
Newton himself, for as we've said, Newton
believed that God could and did intervene in the
workings of the universe.

The next aspects of the universe for which a law
or model was discovered were the electric and
magnetic forces. These behave like gravity, with
the important difference that two electric charges
or two magnets of the same kind repel each other,
while unlike charges or unlike magnets attract.
Electric and magnetic forces are far stronger than
gravity, but we don’t usually notice them in
everyday life because a macroscopic body contains
almost equal numbers of positive and negative
electrical charges. This means that the electric and
magnetic forces between two macroscopic bodies



IIOYTH yPaBHOBEIIMBAIOT APYI Ipyra, B OTJIMYHUE OT CHI
IpaBUTALUU, KOTOPBIE CKJIAa/IbIBAIOTCSI.

Hame HbiHemHee NOHATHE 00 3JEKTpUYECTBE U
MarHeTusmMe ObuId CPOPMHUPOBAHBI 32 MEPUOJ OKOJIO CTa
JeT, ¢ cepeauHbl 18 m g0 cepeaunbl 19 BekoB, korma
(GU3UKN  HECKOJBKUX CTpaH, TMPOBOAS TIIATEIbHBIC
9KCHEPUMEHTHI, H3ydalM 3JIEKTPUYECKUE M MarHuTHbIE
cuibl. OZHUM U3 BaKHEHIIMX OTKPBITUH SBIISETCS TO, YTO
JIEKTPUYECKUE W MArHUTHBIE CHJIBI B3aMMOCBSI3aHBI.
JIBuKeHME BJIEKTPUUECKOro 3apsjia BIUSET HA MarHuT, U
JBIDKEHHUE MarHuTa BO3ACHCTBYET Ha DJIEKTPUYECKUE
3apsapl. [lepBbIM, KTO MOHSUII, YTO CYLIECTBYET HEKOTOPAsI
B3aUMOCBS3b, Obul jgarckuil ¢uszuk I'anc Xpucruan
Opcren. [IpoBoas nexuuto B yHusepcurere B 1820 ronay,
Opcren 3aMeTui, YTO 3JEKTPUUECKUH TOK M3 OaTapew,
KOTOPYIO OH MCIIOJb30BaJl, BIMSIET HA CTPEIKY PSIIOM
Haxozjsmerocas komnaca. OH  BCKOpPE OCO3HA, 4YTO
ANEKTPUYECKUH TOK CO3[aJl MarHUTHYKO CHILY, M BBEI
HOBBII TEepMUH '"anekTpomarHeTusM". Heckonbko et
cnycts, Oputanckuil pusuk Maiikn dapazneit o6ocHOBaI,
YTO - BBIP@XasAChb COBPEMEHHBIMH TEPMUHAMH - €CIH
MarHUTHOE 110JI€ BO3HUKAET U3 3JIEKTPUUECKOI0 TOKA, TO U
MarHMTHOE II0JIE JOJDKHO NPOM3BOAMTH JJIEKTPUYECKHN
TOK.

nearly cancel each other out, unlike the
gravitational forces, which all add up.

Our current ideas about electricity and
magnetism were developed over a period of about
a hundred years from the mid-eighteenth to the
mid-nineteenth century, when physicists in
several countries made detailed experimental
studies of electric and magnetic forces. One of the
most important discoveries was that electrical and
magnetic forces are related: A moving electrical
charge causes a force on magnets, and a moving
magnet causes a force on electrical charges. The
first to realize there was some connection was
Danish physicist Hans Christian Orsted. While
setting up for a lecture he was to give at the
university in 1820, @rsted noticed that the electric
current from the battery he was using deflected a
nearby compass needle. He soon realized that
moving electricity created a magnetic force, and
coined the term “electromagnetism.” A few years
later British scientist Michael Faraday reasoned
that—expressed in modern terms—if an electric
current could cause a magnetic field, a magnetic
field should be able to produce an electric current.



OH npoaemoHcTpupoBan 3ToT 3pdexkr B 1831 rTomy.
YerslpHaguaTero rogamu ciycts, apaneil Takke OTKPbLI
B3aMMOCBS3b MEXAY DJJICKTPOMAarHeTU3MOM M CBETOM,
KOIZa JEMOHCTPUPOBAJ, YTO CHJIBHOE MAarHUTHOE I0J€
MOJKET BO3/IEWCTBOBAaTh HAa CBOMCTBAa MOJSPU30BAHHOIO
CBETa.

@dapanei odurmanbHo ObUT ManooOpa3oBaHHBIM. OH
ponuics B ceMb Ky3Heua B mnpuropone Jlonmona u
OCTaBMJI WIKOJNy B Bo3pacte 13 mer, 4roObl paborarh
pacChbUIbHBIM U MEPEIUIETYUKOM B KHUKHOM MarasuHe.
Tam, crycts rojbl, OH M3y4Ws HAyKd, YdTas KHUTH, C
KOTOPBIMM OH UMEN [el0, M, MPOBOJAS IpPOCThIE H
HEJOpPOrue SKCIIEPUMEHTHl B CBOE CBOOOJHOE Bpems. B
KOHIIE KOHLIOB, OH YCTpOWICS pabOTaTh acCUCTEHTOM B
naboparoputo Benukoro xummuka Copa Xemdppu [eswu.
@apaneir OyneT npoaonkKaTh paboTaTh TaM BCE CBOU
ocrasmmecs 45 net, u nocie cMepTu JleBH, CMEHHT €ro.
@dapazeil umen npodieMbl ¢ MaTEMaTUKOM M HUKOIZa ee
XOpOIIO HE M3ydYaj, I[03TOMY €My ObUIO CJIOXHO
MOCTUTATh TEOPETUUECKYIO KapTUHY  CJIO’KHOTO
3JIEKTPOMArHUTHOTO (peHOMEHa, KOTOPBI OH HaOJII0 Al B
cBoeit maboparopuu. Tem He MeHee, OH CITpaBUIICS.

OaauM #3 BeIMYAWIIMX €ro OTKPBITUH Oblia wujaes
CWiIoBOro mnojis. B Hamm nHu, Onarogaps KHUTam H
KMHODUIBMAaM O ITy4eria3bix

He demonstrated that effect in 1831. Fourteen
vears later Faraday also discovered a connection
between electromagnetism and light when he
showed that intense magnetism can affect the
nature of polarized light.

Faraday had little formal education. He had
been born into a poor blacksmith’s family near
London and left school at age thirteen to work as
an errand boy and bookbinder in a bookshop.
There, over the years, he learned science by
reading the books he was supposed to care for,
and by performing simple and cheap experiments
in his spare time. Eventually he obtained work as
an assistant in the laboratory of the great chemist
Sir Humphry Davy. Faraday would stay on for the
remaining forty-five vears of his life and, after
Davy’s death, succeed him. Faraday had trouble
with mathematics and never learned much of i, so
it was a struggle for him to conceive a theoretical
picture of the odd electromagnetic phenomena he
observed in his laboratory. Nevertheless, he did.

One of Faraday's greatest intellectual
innovations was the idea of force fields. These
days, thanks to books and movies about bug-eyed



NPULIETBIAX U UX KOCMUYECKHX KOPAOIIIX, OOJBIIMHCTBO
JIOJIEH 3HAKOMO € 3TU MOHSTUEM, TIO3TOMY €My CIIEI0BAJI0
Obl nosyunTh roHopap. Uepes Beka mexay HeroToHOM M
®dapaneem, OAHOHN U3 BeMMYANIINX TailH PU3UKHU OBLIO TO,
YTO, COIJIACHO €r0 3aKOHaM, 3TU CUJIbI JEUCTBYIOT Yepes
IyCTO€ IPOCTPAHCTBO, KOTOpOE paszenser
B3anMoJieiicTBytomure o0bekThl. Papanero He HPaBUIIOCH
3T0. OH cuuTal, 4To 4TOOBI MEPEMECTUTh OOBEKT, HEUTO
JOJDKHO BOWTHM C HHMM B KOHTakT. U, mostomy, oH
NPEACTaBsUT  MPOCTPAHCTBO MEXIY DIIEKTPHUECKUMH
paspsIamMM U MarHUTaMH, Kak 3all0JJHEHHOE HEeBUIMMBIMU
TpyOKamMu, KOTOpble (U3MYECKH  TPUTITUBAIOT U
orrasikuBaroT. dapajeil Ha3Bal 3T TPYOKH CHIIOBBIM
noneM. UtoObl HAarIAgHO NMPOIAEMOHCTPUPOBATH CHUIIOBOE
10Jie, HYXKHO BBIIOJHHUTH IIKOJBHBIM ONBIT, B KOTOPOM
CTEKJISIHHAs TapejKa IMOMEIeHa HaJ KyCKOM MarHuTa, |
UTOJIKM pAacHpeAeNsioTcsl MO CTeKIy. MeTranandeckue
ONWJIKK JBHTAIOTCS TaK, €CIM Obl WX IOATAJIKHBaa
HEBUIMMasi CUJIa, U BBICTPAUBAIOTCA 110 CHUIIOBBIM JIMHUSIM
OT OJIHOTO MAarHWTHOTO TOJIIOCa K APYroMy. DTOT OMBIT
HarJIsIIHO JIEMOHCTPUPYET HEBUIMMbIE MAarHUTHBIE CHUIIBI,
NPOHM3BIBAIONINE TPOCTPaHCTBO. CeromHs Mbl CUUTAEM,
YTO BCE CHJIBl PACHpPOCTPaHSIOTCA depe3 Moy ITo
Ba)KHasl KOHIIETIIINS B COBPEMEHHON (DHU3HKE — TaK XkKe, KaK
U B Hay4yHOH (paHTaCTHKE.

aliens and their starships, most people are familiar
with the term, so maybe he should get a royalty.
But in the centuries between Newton and Faraday
one of the great mysteries of physics was that its
laws seemed to indicate that forces act across the
empty space that separates interacting objects.
Faraday didn’t like that. He believed that to move
an object, something has to come in contact with
it. And so he imagined the space between electric
charges and magnets as being filled with invisible
tubes that physically do the pushing and pulling.
Faraday called those tubes a force field. A good
way to visualize a force field is to perform the
schoolroom demonstration in which a glass plate
is placed over a bar magnet and iron filings spread
on the glass. With a few taps to overcome friction,
the filings move as if nudged by an unseen power
and arrange themselves in a pattern of arcs
stretching from one pole of the magnet to the
other. That pattern is a map of the unseen
magnetic force that permeates space. Today we
believe that all forces are transmitted by fields, so
it is an important concept in modern physics—as
well as science fiction.



CuioBoe nmoste. CHUIIOBOE T0JIE CTEPKHEBOTO MarHUTa,
MPOMUTIOCTPUPOBAHHOE PEAKITUEH KEICIHBIX OMMUIIOK.

Heckomnbko JECATUIIETHI MMOHUMaHUe
3JIEKTPOMAarHeTu3Ma He U3MEHSJI0Ch, OCTaBasiCh HA YPOBHE
3HAHUSI HECKOJIbKMX SMIMPUUYECKHX 3aKOHOB: HEKOTOPOE
MOJIO3PEHHE, YTO BJIEKTPUYECTBO M MArHeTH3M OJIM3KO,
€CIM HE MHUCTHUYECKH, CBSI3aHBI; HJIES, UTO OHH HMEIOT
KaKoe-TO OTHOLIEHHE K CBETYy; U 3apoKAarolascs
KOHIenIus moisi. Kak MUHUMYM OJTMHHAAIATh

Force Fields The force field of o bar magnet, as illustrated by the reaction
of iron filings.

For several decades our understanding of
electromagnetism remained stalled, amounting to
no more than the knowledge of a few empirical
laws: the hint that electricity and magnetism were
closely, if mysteriously, related; the notion that
they had some sort of connection to light; and the
embryonic concept of fields. At least eleven



TEOpUH AIIEKTPOMAarHeTu3Ma CylIeCTBOBAJIO, HO Kax/aas U3
HuX aaBana tpemuHy. Ho B 1860-e roapl moOTIaHACKUNA
busuk xeiimc Knepk MaxkcBenn o6nek unaen dapanes B
MaTeMaTHYECKyI0 00O0JIOYKY, YTO TO3BOJHMIO OOBSICHUTH
OJIM3KYI0 U MHUCTHUYECKYIO CBSI3b MEXKY 3JICKTPHUECTBOM,
MarHeTU3MOM U CBEeTOM. Pe3ymbraTomM OBLIO HAOOP
YpaBHEHUW, ONUCHIBAIOIIUX U  DIEKTPUYECKHUe, U
MarHUTHBIE CHJIBI, KaK JIEMOHCTpAIHs 001el pru3ndecKoi
CYIIHOCTH - DJIEKTPOMAarHUTHOro mojs. MakcBel
00BEIMHUIT AJIEKTPUYECTBO U MArHETU3M B OJHY CHIY.
Bonee Toro on mokasan, 4YTO 3MEKTPOMArHUTHOE IOJE
MOXXET PacCIpPOCTPAHITHCS dYepe3 MPOCTPAHCTBO Kak
BosiHa. CKOpPOCTH 3TOIl BOJHBI OIMpPENEsSeTCs] YICHOM €ro
YpaBHECHUH, KOTOpPOE OH OITPEIEIINII 1(0)
9KCIIEPUMEHTAILHBIM JIaHHBIM, KOTOpbIE OH HaOIOaNT
Heckosbko JeT. K cBoeMy M3ymIIeHUIO, CKOpPOCTb,
KOTOPYIO OH BBIUMCIHWJ, OKa3zajach OSKBUBAJICHTHA
CKOPOCTH CBETa, PACCUYUTAHHON OJKCIIEPUMEHTAIBHO C
TOYHOCTBIO A0 OAHOrO mporeHTa. OH OOHApYXWUI, UYTO
CBET CaM 10 ce0e SABISIETCS JIEKTPOMArHUTHOM BOJIHOM !

CeromHsi ypaBHEHUS, OMUCHIBAIONINE YIEKTPUUECKHUE U
MarHUTHEIC TIOJIS, Ha3bIBAIOTCS ypaBHEHUSAMH MakcBelnia.
HekoTopsie ciplany o HUX, HO OHH,

theories of electromagnetism existed, every one of
them flawed. Then, over a period of years in the
1860s, Scottish physicist James Clerk Maxwell
developed Faraday’s thinking into a mathematical
framework that explained the intimate and
mysterious relation among electricity, magnetism,
and light. The result was a set of equations
describing both electric and magnetic forces as
manifestations of the same physical entity, the
electromagnetic field. Maxwell had unified
electricity and magnetism into one force.
Moreover, he showed that electromagnetic fields
could propagate through space as a wave. The
speed of that wave is governed by a number that
appeared in his equations, which he calculated
from experimental data that had been measured a
few years earlier. To his astonishment the speed
he calculated equaled the speed of light, which was
then known experimentally to an accuracy of 1
percent. He had discovered that light itself is an
electromagnetic wave!

Today the equations that describe electric and
magnetic fields are called Maxwell’'s equations.
Few people have heard of them, but they are



BEPOATHO, SIBIIIOTCA CaMbIMH Ba)KHBIMH YPaBHEHUSIMU,
KOTOpble HaMm u3BECTHbl. OHU HE TOJBKO YIPABISAIOT
paboToil OT mpocTeHIINX [JOMALUIHUX HPUOOPOB A0
KOMIIBIOTEpPA, HO OHU TaKXE OIMCHIBAIOT BOJIHBI,
OTIMYHBIE OT CBETa, TAaKWe KaK MHUKPOBOJIHBI,
paznMoBOIHBI, HH(paKpacHbIE BOJHBI M PEHTTEHOBCKHE
ay4yd. Bce oHM OTiIM4aroTCAd OT BUAMMOIO CBETa TOJIBKO
OJIHUM - JUIMHHOM BOJHBI. PaguoBOJIHBI MMEIOT AJIUHY
BOJHBl MeTp WM Oojee, TOrAa KakK JJMHA BOJIHBI
BUJUMOTO CBETAa - HECKOJBKHUX JECITBIX MHUKPOMETpA, a
PEHTTEHOBCKME JIydd KOpOUY€ HECKOJIBKMX  COTBIX
mukpomerpa. Hame CosnHue u3iny4daer Bce AJIMHBI BOJH,
HO €ro M3jyuyeHue Hamboyiee MHTEHCHUBHOE B BUAMMOM
IUana3oHe BOJH. OJTO HE Cily4ailHO, 4TO JJIMHBI BOJIH,
KOTOpPbIE Mbl CHOCOOHBI BUETh HEBOOPY>KEHHBIM IJ1a30M,
COBMAJAIOT C TEMU JUIMHAMU, KoTopble COJHIE U3IydaeT
0COOEHHO CHIbHO. BeposTHO, 4TO HamM TIa3a UMEIT
CIIOCOOHOCTh 3aMedaTh 3JIEKTPOMAarHUTHOE W3JIy4YeHHE
CTpPOTrO B 3TOM JHama3oHe, IOTOMY 4YTO 3TOT JUana3oH
U3ITy4yeHUs HaumbOojee NPUTOAHBIA JUIsi HUX. Eciau Mbl
KOTJa-1100 CTOJKHEMCS C CYLIECTBAMU C JIPYTHX IJIAHET,
OHM BEPOATHO OyAyT HUMETh CHOCOOHOCTh "BHJIETH"
U3IIy4EHUE B KAKOM-TO TMANa30He JJIUH BOJH, KOTOPOE UX
ConHue u3nydaer HamOojee CHIIbHO, YYUTHIBas TaKHe
(akTOpHI, KaK CBETO3aMOPHbIE XapaKTEPUCTHUKH

probably the most commercially important
equations we know. Not only do they govern the
working of everything from household appliances
to computers, but they also describe waves other
than light, such as microwaves, radio waves,
infrared light, and X-rays. All of these differ from
visible light in only one respect—their wavelength.
Radio waves have wavelengths of a meter or more,
while visible light has a wavelength of a few
ten-millionths of a meter, and X-rays a
wavelength shorter than a hundred-millionth of a
meter. Our sun radiates at all wavelengths, but its
radiation is most intense in the wavelengths that
are visible to us. It’s probably no accident that the
wavelengths we are able to see with the naked eye
are those in which the sun radiates most strongly:
It's likely that our eyes evolved with the ability to
detect electromagnetic radiation in that range
precisely because that is the range of radiation
most available to them. If we ever run into beings
from other planets, they will probably have the
ability to “see” radiation at whatever wavelengths
their own sun emits most strongly, modulated by
factors such as the light-blocking characteristics of



OT MNbUIM M Ta30B B aTMocdepe uX IUIaHeThl. Takum
00pa3oM, MPHILIENIbIBI, KOTOPHIE IBOJIIOIHOHUPOBAIN TIPU
PEHTI€HOBCKOM H3JIy4€HHH, MOIJIU Obl CIENIaTh XOPOIIYIO
Kapbepy B CIIy)kOe 6e301acHOCTH a3poropTa.

J1nHa BoJHBI. MUKPOBOJIHEI, paIMOBOJIHEI, HH(PAKPACHBIH CBET,
PEHTIeH U pa3Hble IIBETa CBETA — OTIIMYAIOTCS TOJILKO CBOEH JUTMHOM
BOJIHEI.

VpaBHeHust ~ MakcBemuia  OPEANHCHIBAIOT,  YTO
AJIEKTPOMArHUTHBIE ~ BOJIHBI  PAcIpPOCTPAHSIOTCS  CO
ckopocThio 0ko0JI0 300000 KMIOMETpPOB B CEKyHAY WU
okono 670 mmmmoHoB Mwib B 4ac. Ho cceutatees
CKOpPOCTh HMUYETO HE O3HAYaET,

the dust and gases in their planet’s atmosphere. So
aliens who evolved in the presence of X-rays
might have a nice career in airport security.

OF RED LIGHT

ENGTH OF VIOLET LIGHY

Wavelength Microwaves, radio waves, infrared light, X-rays—and
different colors of light—differ only in their wavelengths

Maxwell’s equations dictate that electromagne-
tic waves travel at a speed of about 300,000
kilometers a second, or about 670 million miles
per hour. But to quote a speed means nothing



ecntu  Bel  He ompenensere  CUCTEMY — KOOPIWHAT,
OTHOCHUTEIIbHO KOTOPOM M3MEpPEeHa CKOPOCTh. JDTO HE TO, O
yeM Bbl 0OBIYHO JTOJDKHBI TyMaTh B MIOBCETHEBHOM JKU3HHU.
Korma wa Bamem cnugomerpe 60 Muiabp B dac,
nojapasyMeBaeTca, 4To Bama cKopocTh HU3MepeHa
OTHOCHUTEJIbHO JOPOTH, a HE YEpHOW JbIPbl B IIEHTPE
Mineunoro nytu. Ho gaxe B MOBCEIHEBHOW >KU3HU €CTh
cilly4yau, B KOTOPBIX BBl JOMIKHBI NPUHATH BO BHUMAaHHE
cucremy koopauHat. Hanpumep, eciu Bbl HeceTe yaimky
yasi 0 MPOXOJy PEaKTUBHOTO caMoJieTa B mojeTe, Bri
Moriau OBl cKa3aTh, 4TO Bama ckopocTh cocraBiser 2
Mk B dac. Kro-to Ha 3emiie, ojHaKo, MOT' OBl CKa3aTh,
yTo BbI ABUraerech co ckopocThio B 572 muiu B yac. Kak
Ob1 Bbl He cuuTanu, 4YTO OJMH WM JPYyrol M3 TeX
HaOmonaTeneld OoJblle MpaB, HWMEWTEe B BHUAY, 4TO,
noToMy uTo 3emisi Bpamaercs Bokpyr CoiHia, KTO-TO,
Habmo1as1 32 Bamu ¢ ero moBepxXHOCTH, HE COTTIACUIICS OBl
¢ obommMu u ckazanx Obl, uro BbeI jaBHraerech
npUOIU3UTENBHO B 18 MUTb B CEKYHIy, HE TOBOPS yikKE O
3aBucTy Bamemy komdopty. B cBeTe Takux pasHoriacuii,
Korjna MakcBem yTBep:KIal, 4To OOHApYKUI "CKOPOCTh
cBera",  MOJyYaroIlylOCs U3  €ro  ypaBHEHHI,
€CTECTBEHHBIH BOINpOC ObLI, KaKOBa CKOPOCTh CBETa B
ypaBHeHUsAX MakcBeiia,

unless you specify a frame of reference relative to
which the speed is measured. That's not
something you usually need to think about in
everyday life. When a speed limit sign reads 60
miles per hour, it is understood that your speed is
measured relative to the road and not the black
hole at the center of the Milky Way. But even in
everyday life there are occasions in which you
have to take into account reference frames. For
example, if you carry a cup of tea up the aisle of a
jet plane in flight, you might say your speed is 2
miles per hour. Someone on the ground, however,
might say you were moving at 572 miles per hour.
Lest you think that one or the other of those
observers has a better claim to the truth, keep in
mind that because the earth orbits the sun,
someone watching you from the surface of that
heavenly body would disagree with both and say
you are moving at about 18 miles per second, not
to mention envying vour air-conditioning. In light
of such disagreements, when Maxwell claimed to
have discovered the “speed of light” popping out of
his equations, the natural question was, what is
the speed of light in Maxwell’s equations



M3MEpPEHHAsi OTHOCUTEIBHO?

Her Hwukakoil mnpuuMHBI IOJNAarath, 4YTO Mapamerp
CKOpPOCTM B YypaBHEHHUsAX MakcBemia - CKOpPOCTb,
U3MEpeHHas OTHOCHTENbHO 3eMiHu. Ero ypaBHeHHs, B
KOHILIE KOHLOB, OTHOCATCSI KO Bced Bcenennoil.
ATnbTEpHAaTUBHBIM  OTBET, KOTOPBIH paccMaTpUBaICA
HEKOTOPOE BpEMs, - TO, YTO €r0 YpPaBHEHHsSI ONpPEAEIsIOT
CKOPOCTb CBE€Ta OTHOCHUTEJIBHO pPaHEE HEOOHAPYKEHHOU
Cpelbl, MPOHU3BIBAIOIIEE BCE MPOCTPAHCTBO, HA3BAHHOM
JTIOMUHO(POPHBIM 3(UPOM, WIH €CIH KOPOTKO, IMPOCTO
3¢up, KOTOpPHIM OBUT TEPMUHOM APHUCTOTENS IS
BEIIECTBAa, KOTOpOE, KaK OH I[ojaraji, 3aloJHSET BCIO
Bcenennyro BHe 3eMHOH cdepbl. DTOT THIOTETUYECKUI
a¢up ObUT OB Cpeioi, Yepe3 KOTOPYIO PacIpOCTPAHSIIOTCS
AJIEKTPOMArHUTHBIE BOJIHBI, KaK 3BYK PacIpOCTpaHsIeTCs
yepe3 Bo3nyXx. Ecmu Obl 2¢up cymecTBoBa, ObLIT ObI
aOCONIOTHBIA ~ CTaHAAPT TOKOs (TO  €CTh, TOKOS
OTHOCHUTENIbHO 3(upa) M, ClIeI0BaTEIHHO, a0COIOTHBIM
crioco0 ompenenuTsh ABMKeHue. Ddup obecneumsn Obl
NPUBWIETHPOBAHHYIO CHCTEMY OTCYETa BCIOJYy IO BCei
BcenenHoii, OTHOCHTENBPHO KOTOPOM MoOria OBITh
U3MepeHa CKOpOCTh J1Io00oro oOwekTa. Takum o0Opazom,
3¢up, Kak MOCTYJIUPOBAIOCH, CYIIECTBOBAI TOJIBKO
TEOPETUYECKH, TTOOYX/Iasi HEKOTOPBIX YYCHBIX HA TOWUCKU
cnocoba M3yyuTh €ro, WM, IO KpailHell Mmepe,
MOJITBEPAUTD €TI0

measured relative to?

There is no reason to believe that the speed
parameter in Maxwell’s equations is a speed
measured relative to the earth. His equations,
after all, apply to the entire universe. An
alternative answer that was considered for a while
is that his equations specify the speed of light
relative to a previously undetected medium
permeating all space, called the luminiferous
ether, or for short, simply the ether, which was
Aristotle’s term for the substance he believed filled
all of the universe outside the terrestrial sphere.
This hypothetical ether would be the medium
through which electromagnetic waves propagate,
just as sound propagates through air. If the ether
existed, there would be an absolute standard of
rest (that is, rest with respect to the ether) and
hence an absolute way of defining motion as well.
The ether would provide a preferred frame of
reference throughout the entire universe, against
which any object’s speed could be measured. So
the ether was postulated to exist on theoretical
grounds, setting some scientists off on a search for
a way to study it, or at least to confirm its



cymectBoBanre. OJHUM U3 OITHUX YUYEHBIX ObLI caMm
Makcse.

Ecnu Bbl mumuTech yepe3 BO3AyX K 3BYKOBOM BOJIHE,
BoNMHA mpubmmxaercs k Bam Owictpee, n ecau Ber
MYHMTECh OT Hee, 3TO mnpubmmxkaercs k Bam Oonee
MeneHHo. ToyHO Tak jke, ecau Obl ObuT 3dup, TO
CKOpPOCTh CBETa HW3MEHMJAch Obl B 3aBUCUMOCTU OT
Bamero nBumxenuss oTHocuTenbHO 3¢dupa. dakrtuuecku,
€CJIM CBET JeiicTBOBall Obl MOJAOOHO 3BYKY, TaK ke, Kak
JIOAM Ha CBEPX3BYKOBOM CaMOJIETE HHKOT/Ia HE OyayT
CIIBIIIATH 3BYKA, KOTOPHIN JTOHOCUTCS U3 CaMOJIETa, TaKXKe
MyTEUIECTBEHHUKH, MYAIHECs TOCTATOYHO OBICTPO depe3
3¢up ObUIN OBl B COCTOSTHUU OMEPEAUTh CBETOBYIO BOIIHY.
Paccyxnass Takum oOpa3zoMm, MakcBemT TPEATIOKHI
skcriepuMeHT. Ecmu  ects  adup, 3emus  J10DKHA
nepeMeniaTbCcsl CKBO3b HEro, MOCKOJIbKY OHa Bpallaercs
Bokpyr Comnma. M Tak kak 3emiis IBHXKETCS B JIPYroM
HaIpaBJIEHUU B SIHBape YeM, CKaKeM, B allpelie Uil UioJe,
MOKHO OBLTIO OBl 3aMETUTh HEOOIBINOE pa3luyhe B
CKOPOCTH CBE€Ta B pa3HOE€ BpeMs roja — CM. PUCYHOK
HUXKE.

existence. One of those scientists was Maxwell
himself.

If you race through the air toward a sound
wave, the wave approaches you faster, and if you
race away, it approaches you more slowly.
Similarly, if there were an ether, the speed of light
would vary depending on your motion relative to
the ether. In fact, if light worked the way sound
does, just as people on a supersonic jet will never
hear any sound that emanates from behind the
plane, so too would travelers racing quickly
enough through the ether be able to outrun a light
wave. Working from such considerations, Maxwell
suggested an experiment. If there is an ether, the
earth must be moving through it as it orbits the
sun. And since the earth is traveling in a different
direction in January than, say, in April or July, one
ought to be able to observe a tiny difference in the
speed of light at different times of the year—see
the figure below.



JBu:xenue Yepes Ipup. Eciu Obl Mbl 1BUTAIIUCH Yepe3 3GUp, TO MbI
JIOJDKHBI OBITh B COCTOSIHUM OOHapYXUTh 3TO JBIDKEHHUE, Habmroas
CE30HHBIE PA3IN4Ms B CKOPOCTH CBETA.

Ot nybnukanuu 3toi uaen B «Tpynax KoponeBckoro
O6mectBa» MakcBemia OTroBapuBal €ro  peaakTop,
KOTOPBII HE cuMTaji, 4To HKCHepUMeHT cpaboTaer. Ho B
1879, He3amonro mo TOro, Kak OH yMep B COPOK BOCEMb
JeT OT paka keiyaka, MakcBe Mociail MMCbMO O 3TOM
ceoeMy npyry. [lucemMo OBIIO HW3MaHO TIOCMEPTHO B
xypnaiue Nature, rae ero

Moving Through the Ether If we were moving through the ether, we ought
to be able to detect that motion by observing seasonal differences in the
speed of light.

Maxwell was talked out of publishing his idea in
Proceedings of the Royal Society by its editor, who
didn’t think the experiment would work. But in
1879, shortly before he died at age forty-eight of
painful stomach cancer, Maxwell sent a letter on
the subject to a friend. The letter was published
posthumously in the journal Nature, where it was



OpOYNTANl, CpPEeld INPOUYUX, AMEPUKAHCKUM (U3MK 110
uMeHH  AnpOepT — MaliKenbCoH. BnoxHOBIIEHHBII
npeamnonoxenueM Makcseria, B 1887 rony MaiikenbcoH
u OnasapA Mopau BBIIOJHWIM OYEHb YYBCTBUTEJBHBIN
9KCHEPUMEHT, 33 lyMaHHbI}, YTOOBl U3MEPUTH CKOPOCTH, C
KOTOpOoi 3emuisi ABWXKETCS CKBO3b »dup. Mx wunmes
COCTOAJTIAa B TOM, YTOOBI CPaBHUTH CKOPOCTb CBETA B JABYX
pa3IMYHBIX HANpaBJIEHUsX, O] NPsAMbIM yrioMm. Eciu Ob1
CKOpOCTb CBETa ObLIa MOCTOSIHHBIM YMCJIOM OTHOCHUTEJIBHO
a¢upa, U3MEPEHHS JTODKHBI ObUTH OOHAPYKUTH CKOPOCTH
CBETa, KOTOpPbIE OTIMYAIUCH Obl B 3aBUCUMOCTH OT
HampaBiueHuss Jsyda. Ho MailikenscoH u Mopmu He
3aMETUJIM TAKOTO Pa3Ivyusl.

Pesynbrar skcnepumenta Maiikenscona u Mopau
HaXOAUTCS  ACHO B  KOH(QIMKTE €  MOJENbIO
AJIEKTPOMAarHUTHBIX BOJIH, PACIPOCTPAHSIOUINXCSA Yepes3
3¢up, U 3aCTaBUI OTKa3aTbcs OT Mojaenu >¢upa. Ho 1ens
MaiikenbcoHa cocTosija B TOM, YTOObI H3MEPUTH CKOPOCTh
3eMiM OTHOCUTENBHO »3(dupa, a He JJ0KazaTh WIH
ONPOBEPrHYTh TUNoOTE3y 3(upa, U YTO OH OTKPbHUI, HE
HOJTOJKHYJIO €ro MPUHTH K 3aKI0YEHUI0, 4To 3(upa He
cymectByeT. HukTo Oosblie Takke HEe MPUIIEN K TaKOMY
BeIBOAY. M3BecTHBIN ¢u3uk cip Yuibsim Tomcon (Jlopx
KenBun) ckazan

read by, among others, an American physicist
named Albert Michelson. Inspired by Maxwell’s
speculation, in 1887 Michelson and Edward
Morley carried out a very sensitive experiment
designed to measure the speed at which the earth
travels through the ether. Their idea was to
compare the speed of light in two different
directions, at right angles. If the speed of light
were a fixed number relative to the ether, the
measurements should have revealed light speeds
that differed depending on the direction of the
beam. But Michelson and Morley observed no
such difference.

The outcome of the Michelson and Morley
experiment is clearly in conflict with the model of
electromagnetic waves traveling through an ether,
and should have caused the ether model to be
abandoned. But Michelson’s purpose had been to
measure the speed of the earth relative to the
ether, not to prove or disprove the ether
hypothesis, and what he found did not lead him to
conclude that the ether didn’t exist. No one else
drew that conclusion either. In fact, the famous
physicist Sir William Thomson (Lord Kelvin) said



B 1884 roay, uto a3¢pup ObuI "eTMHCTBEHHOM CyOCTaHIIMEH,
B KOTOPOM MBI yBEPEHBI B JUHAaMUKe. ENUMHCTBEHHOE, B
YeM Mbl YBEpPEHBI, TAK 3TO B MCTHHHOCTH U PEATBHOCTH
JTFOMUHOQOPHOTO dupa.

Kax mMoxHO Beputh B 3pup, HE CMOTPsL Ha PE3YJIbTATHI
sKcniepuMeHTa MaiikenbcoHa - Mopau? Kak Mbl yxe
TOBOPHJIU, JIFOJIM YacTO MBITAIOTCS CHACTU W300pETEHHYIO
MOJEINIb  CIHEHHMAIBHBIMU  JONOJNHEHUssMA. Hekortopsle
MOCTYJIMPOBAJIU, UTO 3eMJisl TAHYJa 3Gup 3a co0o0il, TaKUM
00pa3oM, MbI (paKTHUECKH HE JBUTAIUCH OTHOCHTEIHHO
Hero. [omnannckuit puszuk Xenapuk AuTyH JlopeHn u
upnaaackuii  ¢usuk Jxopmk DpaHcuc DUIDKEpATHI
MIPEANOJI0XKUIIN, YTO B CTPYKTYpE, KOTOpasi IepeMelanach
OTHOCHUTEJIBHO 3(UPa, BEPOSITHO U3-32 HEKOTOPOT'O BCE XK€
HEU3BECTHOTO MeXaHW4ecKoro sQdekra, XoI BpEeMEHU
3aMEUIAETCs, M PAcCTOSIHUS  COKPAILAKOTCS  TaKUM
o0pa3oM, 4TO HM3MEpeHHE CKOPOCTH CBETa JTaeT TO XKe
camoe 3HaueHue. Takue ycuiausi cnacTH MOHSATHE dPupa
IPOJODKAIMCh, B TEYEHHWE IOYTH JBaJUaTH JIET 10
3aMe4aTesIbHOM CTAThbU MOJIOJIOTO M HEU3BECTHOI'O KJIEpKa
B IaTeHTHOM Otopo B bepne, AnpbepTa DiiHiTeliHa.

DliHIITeWHY OBLJIO ABaANaTh IecTh JieT B 1905, korga
OH omyOnukoBan cBow padory "Zur Elektrodynamik
bewegter Korper" ("K snekTpoannamuke

in 1884 that the ether was “the only substance we
are confident of in dynamics. One thing we are
sure of, and that is the reality and substantiality of
the luminiferous ether.”

How can you believe in the ether despite the
results of the Michelson-Morley experiment? As
we've said often happens, people tried to save the
model by contrived and ad hoc additions. Some
postulated that the earth dragged the ether along
with it, so we weren’t actually moving with respect
to it. Dutch physicist Hendrik Antoon Lorentz and
Irish physicist George Francis FitzGerald
suggested that in a frame that was moving with
respect to the ether, probably due to some
yvet-unknown mechanical effect, clocks would slow
down and distances would shrink, so one would
still measure light to have the same speed. Such
efforts to save the aether concept continued for
nearly twenty years until a remarkable paper by a
voung and unknown clerk in the patent office in
Berne, Albert Einstein.

Einstein was twenty-six in 1905 when he
published his paper “Zur Elektrodynamik
bewegter Korper” (“On the Electrodynamics of



IBwkymuxcss tTen"'). B HelW OH caenan  mpocToe
MPEJIIOJIOKEHNUE, YTO 3aKOHBI (PU3UKH U B OCOOCHHOCTH
CKOPOCTh CBETa, JIOJDKHBI OBITh OJUHAKOBBIMH ]IS BCEX
paBHOMEpPHO JBIDKYIIMXCS HaOmrojgaTeneil. Ota uaes
COBEpIIMJIA  PEBOJIONMIO B  HAIMIEM TOHATHH O
MPOCTPAHCTBE U BpeMeHH. YTOObI TMOHATH TOYEMY,
BOOOpa3UTe J1Ba COOBITHSA, KOTOPBIC MMEIOT MECTO B TOM
K€ CaMOH TOYKe, HO B pPa3HOE BpeMsi B PEAKTUBHOM
camojete. Jlns HaOmomaTeNnss Ha caMoJIeTe PACCTOSHHE
MEXIy 3TUMH JIBYMS COOBITUSIMH OyneT HyJeBbIM. Ho myis
BTOpOro HaOmrogarenss Ha 3emiie COOBITHS OyayT
OTJICJICHBI PACCTOSIHUEM, CaMOJIET TMPOJIETENI 3a BpeMs
MEXIYy COOBITUAMHU. OTO I[IOKa3bIBaeT, UTO JBa
HAOJIOIaTeIIsI, KOTOPHIC IBUTAIOTCS JPYr OTHOCHTEIHHO
Jpyra, He CMOTYT MPUHTH K COTJIAIICHHIO O TPOHICHHOM
PACCTOSIHUY MEX]TY IBYMSI COOBITHSIMHU.

Teneps mnpeAmnonokuTe, 4TO ATH JABa HaOMIOIATENs
HAOJIIOJTAIOT JIyd CBETa, HAMPABJISIONIETOCS OT XBOCTA
camoleTa K ero Hocy. Tak ke, Kak B BBHIIICYIOMSIHYTOM
puMepe, OHU HE CMOTYT JIOTOBAapUBATHCS O PACCTOSHHH,
KOTOpOE TPOIIET CBET OT XBOCTa CaMoJjeTa K ero Hocy.
Tak Kak CKOpPOCTh - 3TO PACCTOSHHE, IMPOWUJECHHOE 3a
OTIpeIeIEHHOE BpeMsi, 3TO 3HAYHT, YTO €CJIM OHU MPUIYT K
COTJIAIICHUIO O CKOPOCTH, C KOTOPOH pacrpocTpaHsIeTCs
Jy4 - CKOPOCTH CBETA - 3TO 3HAYUT, YTO OHHU HE MPUAYT K
COTJTaNIeHuI0 00 HHTEpBaJIe BpEeMEHH!

Moving Bodies”). In it he made the simple
assumption that the laws of physics and in
particular the speed of light should appear to be
the same to all uniformly moving observers. This
idea, it turns out, demands a revolution in our
concept of space and time. To see why, imagine
two events that take place at the same spot but at
different times, in a jet aircraft. To an observer on
the jet there will be zero distance between those
two events. But to a second observer on the
ground the events will be separated by the
distance the jet has traveled in the time between
the events. This shows that two observers who are
moving relative to each other will not agree on the
distance between two events.

Now suppose the two observers observe a pulse
of light traveling from the tail of the aircraft to its
nose. Just as in the above example, they will not
agree on the distance the light has traveled from
its emission at the plane’s tail to its reception at
the nose. Since speed is distance traveled divided
by the time taken, this means that if they agree on
the speed at which the pulse travels—the speed of
light—they will not agree on the time interval



MEX/1y HavajJoM pacHpoCTpaHEHHUs Jy4a BAOJb camojera
U €r0 OKOHYaHUEM.

PN

between the emission and the reception.

PN

Ha Bopty Camounera. Eciu BbI Opocaere Msid Ha caMoJIeTe, TO
HaOroaTess Ha 00PTY MOXKET OOHAPYKHUTh, YTO MY KKIBIH pa3
yIapsieTcsi B OJTHO M TO K€ MECTO, B TO BpeMsi Kak HaOJo/1aTels Ha
3emite OyneT GUKCUPOBATH OTPOMHYIO Pa3HHUILY B TOUKAX
COyJapeHusl.

B uem CTPAHHOCTL 2TOr'0 ABJICHHA - B TOM, 4YTO, XOTsA
9TH JIBa HAOIIOJATENS W3MEPWIH Pa3IHNYHbIe WHTEPBAIBI
BPEMCHH, OHU HAOJIOJaId TOT K€ CaMblid (DU3UUECKHIA
mporecc. OWHINTEHH HE TMBITAICAd HMCKYCCTBEHHBIM
obpazoM 00BsicHUTH 3T0. OH BBIBET TOPA3ZUTEIHHOE
3aKJTFOYEHUE, YTO U3MEPEHUE 3aTPaueHHOTO0 BPEMEHHI

Airborne Jet If you bounce a ball on @ jet, an observer aboard the plane
may determine that it hits the same spot each bounce, while an observer
on the ground will measure a large difference in the bounce points.

What makes this strange is that, though the two
observers measure different times, they are
watching the same physical process. Einstein
didn’t attempt to construct an artificial explanation
for this. He drew the logical, if startling,
conclusion that the measurement of the time



Ha NPEOJI0JICHNEe PAcCTOSHUS, 3aBUCUT OT HalmrojaTens,
npoBojsiiero usMepenue. Tor ekt sBasercs onHUM
U3 KJIFOUYEBBIX B TEOPUH, ONUCAHHOM B CTaThe DWHILITEHHA
B 1905 roay, KoTopasi moy4yusia Ha3BaHUE CHEIUATbHOU
TEOPUH OTHOCUTEIBHOCTH.

Mbl MOXEM BHUAETh, Kak OTOT aHAJIU3 MOXET
IPUMEHSATHCS K YCTPOMCTBAM XPOHOMETPUPOBAHUS, €CIIH
MBI paccMaTpuBaeM JByX HaOirogareneid, HaOIIOA0MNX
3a uacamu. CnenuanbHas TeOpUs OTHOCUTEIbHOCTH
CUMTaeT, YTO dYacel Oeryr ObICTpee  COTJAacHO
HaOJroaTeNl0,  KOTOpbI  HaxoguTcs B IIOKOE
OTHOCHUTENIBHO dYacoB. HaOmomaremsM, KOTOpble He
SBJISIIOTCSL B IOKOE€ OTHOCUTENIBHO YacoB, Ka)KeTCsl, 4TO
gacel Oeryr memieHHee. Eciau Mbl ymono0isieM CBETOBOM
UMITYJIbC, UAYIIMH U3 XBOCTA 0 HOCA CaMOJIeTa, TUKaHbIO
94acoB, MBI BHJIUM, YTO JJIsl HaOMIOaTeNst Ha 3emiie Jachl
UAYT MEeJUIEHHee, TOTOMY YTO B TOM CHUCTEME KOOpAMHAT
Jyd CBeTa JIOJDKEH IIepeMECTUTbCS Ha  Oosbliee
paccrosHue. Ho pe3ynbTaT He 3aBHCHUT OT MeXaHU3Ma
4acoB; OH CIIPaBEJIMB JUIsl BCEX YacoB, JaXKe HaIINX
COOCTBEHHBIX OMOJIOTUYECKHUX.

taken, like the measurement of the distance
covered, depends on the observer doing the
measuring. That effect is one of the keys to the
theory in Einstein’s 1905 paper, which has come
to be called special relativity.

We can see how this analysis could apply to
timekeeping devices if we consider two observers
looking at a clock. Special relativity holds that the
clock runs faster according to an observer who is
at rest with respect to the clock. To observers who
are not at rest with respect to the clock, the clock
runs slower. If we liken a light pulse traveling from
the tail to the nose of the plane to the tick of a
clock, we see that to an observer on the ground the
clock runs slower because the light beam has to
travel a greater distance in that frame of reference.
But the effect does not depend on the mechanism
of the clock; it holds for all clocks, even our own
biological ones.



PacrsizkeHue Bpemenn. /IBrxyniecs 9acel KaxyTcs Oosee
MeUIeHHBIMU. [10CKOJIbKY 3TO TaK)Ke OTHOCHTCS ¥ K OMOJIOTMUECKHM
qacaM, JBIKyIIHecs JII0IH Oy ly Ka3aThbCsl CTapeIONMMU MeJICHHee,
HO HE CIICIIUTE HAEAThCS — HA IOBCEJHEBHBIX CKOPOCTAX HUKAKUE
OOBIYHBIC Yachl HE CMOTYT U3MEPHUTh Pa3HUILY.

PabGora DiiHINTeHHA TOKa3aja, 4YTO, KaK M IIOHSATHE
MOKOsI, BPEMsI He MOXKET OBITh aOCONIOTHBIM, KaK MoJjarai
Heroton. [Ipyrumu cioBaMu, HEBO3MOXKHO ONPEACIIHTh
JUISE KQKIOTO COOBITUS BpeMs, C KOTOPBIM COTJIACHUTCS
mobol  HaOmromarenb. Bmecto  3Ttoro  y  Bcex
Ha0I0aTeNe eCTh CBOM COOCTBEHHBIE MEPHI BPEMEHH, U
BpeMsi, U3MEPEHHOE IBYMs HaOII0JaTeNsIMU,

Time Dilation Moving clocks seem to run slow. Because this also applies
to biological clocks, moving people will seem to age more slowly, but
don'’t get your hopes up—at everyday speeds, no normal clock could
measure the difference.

Einstein’s work showed that, like the concept of
rest, time cannot be absolute, as Newton thought.
In other words, it is not possible to assign to every
event a time with which every observer will agree.
Instead, all observers have their own measures of
time, and the times measured by two observers



JBIDKYIIUMHCST JIpYr OTHOCHUTENBHO JApyra, He Oyner
coBnajath. Mnen DiiHIITEHA BCTYNAOT B IPOTUBOPEUHE
C HAlled WHTYHLHEH, IOTOMY YTO MX IOCIEACTBHS HE
3aMETHBl Ha CKOpPOCTSX, C KOTOPHIMH MBI OOBIYHO
CTAJIKMBAacMCsl B IIOBCEAHEBHOW ku3HU. Ho oHu
HEOJHOKPATHO  IOATBEPKIAINCH  SKCIEPUMEHTAIBHO.
Hanpumep, mnpeacraBeTe cebOe STaloOHHBIE 4Yachl B
COCTOSHMM IIOKOA B LEHTPE 3€MJIM, APYIME€ 4Yachl Ha
IIOBEPXHOCTh 3€MJIM, a TpeThM Ha OOpTy camolieTa,
JeTsimero Jmbo 1O  HampaBlIeHUIO, JUOO0 MPOTUB
HanpasijieHus BpaweHus 3emiuu. [lo oTHomeHUIO K yacam
B LIEHTPE 3€MJIM 4achl Ha OOpPTYy caMoJieTa, IBUXKYILLIErocs
B BOCTOYHOM HaIpaBJIEHUU — B HAIPABICHUM BpAICHUS
3eMJIM - IEepeMellalTcs ObIcTpee, YeM 4Yackl Ha
NOBEPXHOCTU 3€MJIM, M TO3TOMY OHH JOJDKHBI HITH
MeuieHHee. TOYHO Tak K€ B OTHOLIEHUH 4acOB B LICHTPE
3eMJIM, Yachl Ha OOpTy caMoJjieTa, JeTALIero Ha 3amajg —
IIPOTUB BpPAILCHUS 3E€MJIM - MEPEMEIIAIOTCS MEIJICHHEE,
YEM 4Yachl HA MOBEPXHOCTH, YTO O3HAYAET, YTO ATH YaChl
JOJKHBI UATH ObICTpee, YeM Yachl Ha moBepxHocTH. 1 3to
B TOYHOCTH HAOIIOAANOCh, KOTAa B HKCHEPUMEHTE,
MpoJieTaHHOM B OKTsi0pe 1971, odyeHb TOUHBIE aTOMHBIC
yackl 00JeTenu BOKpPYr cBeTa. TakuM 00pa3oM, MOXKHO
PacTsSHYTb CBOIO JKH3Hb, IIOCTOSIHHO JIETS B BOCTOYHOM
HaIpaBJIEHUU BOKPYT CBETA,

who are moving relative to each other will not
agree. Einstein’s ideas go counter to our intuition
because their implications aren’t noticeable at the
speeds we normally encounter in everyday life.
But they have been repeatedly confirmed by
experiment. For example, imagine a reference
clock at rest at the center of the earth, another
clock on the earth’s surface, and a third clock
aboard a plane, flying either with or against the
direction of the earth’s rotation. With reference to
the clock at the earth’s center, the clock aboard the
plane moving eastward—in the direction of the
earth’s rotation—is moving faster than the clock
on the earth’s surface, and so it should run slower.
Similarly, with reference to the clock at the earth’s
center, the clock aboard the plane (flying
westward—against the earth’s rotation—is moving
slower than the surface clock, which means that
clock should run faster than the clock on the
surface. And that is exactly what was observed
when, in an experiment performed in October
1971, a very accurate atomic clock was flown
around the world. So you could extend your life by
constantly flying eastward around the world,



xoTa Bpl mormm Obl ycTaTh OT MPOCMOTpa BCEX TEX
KMHOQWIBbMOB aBuanuHui. OmHako 3PQeKT o4YeHb Mal,
npuoIM3uTENbHO 180 MUJUIMAPIHBIX YacTeW CEKYHIBI 3a
000poT (M OH TaKXK€ HECKOJIbKO YMEHBINAETCS U3-3a
BJIUSHUSL Pa3HUIBl B CUJIE TSDKECTH, HO HaM 3/IeCh HE
HYKHO B 3TO B/IaBaThCs).

brnaronapst pabore DitHmTeHA, (U3UKHA TOHSIU, YTO
u3-3a TPeOOBaHUs, YTOOBI CKOPOCTh CBETA ObLIa OAHOHN M
TOM e BO BCEX CHCTEeMax KOOpAUHAT, TEOPHUH
AJIEKTpUYECTBA U MarHeTuzMa MakcBesia OmnpenessiorT,
YTO BpeMs HENb3s paccMaTpuBaTh OTAEIBHO OT Tpex
IPOCTPAHCTBEHHBbIX u3MepeHuil. HaoOopoT, Bpems u
MECTO B3aMMOCBSI3aHBL. DTO HEYTO BpOJE A00aBICHHUS
YETBEPTOTO HAINPABJICHHS OyIyIIee/TPOnuIoe K OOBIYHBIM
BJICBO/BIIPAaBO, B3aJ/BIEpea, U BBEpPX/BHU3. DU3UKH
Ha3bIBAlOT ATO COYETAHUE IPOCTPAHCTBA U BPEMEHU
"IPOCTPaHCTBO-BpEMEHEM", U NOCKOJIBKY MPOCTPAHCTBO-
BpEMsI BKJIIOYAET YETBEPTOE HANPABJICHHUE, OHU Ha3bIBAIOT
€ro 4eTBEpThIM H3MepeHueM. B mpocTpaHCTBe-BpeMEHU
BpeMsi OOJIbIlIe HE OTJEIEHO OT TPEX MPOCTPAaHCTBEHHBIX
u3MepeHuil, u, TpydO TOBOps, Kak OIpeJesieHUe
BJIEBO/BIIPABO, BIEpE//HA3a] UM BBEPX/BHU3 3aBUCUT OT
OpHEeHTAIK HaOIrogaTens, TaK K€ HalpaBlieHuEe BPEMEHH
MEHSIeTCS B 3aBHCHUMOCTH OT CKOPOCTH HaOonaTens.
HabGmronaTenu,

though you might get tired of watching all those
airline movies. However, the effect is very small,
about 180 billionths of a second per circuit (and it
is also somewhat lessened by the effects of the
difference in gravity, but we need not get into that
here).

Due to the work of Einstein, physicists realized
that by demanding that the speed of light be the
same in all frames of reference, Maxwell’s theory
of electricity and magnetism dictates that time
cannot be treated as separate from the three
dimensions of space. Instead, time and space are
intertwined. It is something like adding a fourth
direction of future/past to the usual left/right,
forward /backward, and up/down. Physicists call
this marriage of space and time “space-time,” and
because space-time includes a fourth direction,
they call it the fourth dimension. In space-time,
time is no longer separate from the three
dimensions of space, and, loosely speaking, just as
the definition of left/right, forward/backward, or
up/down depends on the orientation of the
observer, so too does the direction of time vary
depending on the speed of the observer. Observers



JIBIDKYIIMECS Ha Pa3UYHBIX CKOPOCTSAX, BBIOpa OBl
pa3linuHbIe HaMpaBJICHUs JIJII BPEMEHU B MPOCTPAHCTBE-
Bpemenu. CrenuanbHas  TEOpPUsT  OTHOCUTEIIBHOCTH
OWHIITENHA MO3TOMYy ObUIa HOBOM MOJEINBIO, KOTOpas
u30aBuiIach OT TMOHSATHI aOCOMIOTHOTO BpPEMEHU H
a0COJIIOTHOTO TIOKOSI (TO €CTh, IOKOSI OTHOCHUTEIIBHO
HEIOABUKHOTO dupa).

OWHIITEHH CKOpPO TOHSJI, YTO, YTOOBI COTJIacoBaTh
IPaBUTALMIO C OTHOCUTEIBHOCTHIO, HEOOXOAMMO OBLIO
JOTIOJIHUTENbHOE  u3MepeHue.  CorjmacHo — Teopuu
TaroreHuss HploToHa, B 10001 MOMEHT BPEMEHH OOBEKTHI
NPUTATUBAIOTCS JPYr K JPYry CHJIOW, 3aBUCSIICH OT
paccTosiHUS MEXIy HHUMH B 3TOT MoMeHT. Ho Teopus
OTHOCHUTEIIFHOCTH yIpa3JAHWIA TOHATHE aOCOIIOTHOTO
BPEMEHH, I[I03TOMYy HE OBLI0O HHMKAakoro crocoba
OIpEeAENNTh, KOrJa JOJDKHO OBITh U3MEPEHO PACCTOSIHUE
Mexay wmaccamu. Takum o00pa3oM, TEOpHs TITOTEHUS
Herorona He Oblma coBMecTHMa CO  CHELMAIBHOU
OTHOCUTENILHOCThIO M JIOJDKHA Oblla OBITh HM3MEHEHA.
[IpotuBopeune  MOrJI0  MOXOOUTH  HA  HPOCTYIO
TEXHUYECKYIO TPYIHOCTh, BO3MOXKHO, AK€ JI€TaIu 3TOr0
TaK WJIA WHAYe MOTJIH OBITh PEHmIeHBI OOXOJHBIM IyTEeM
6e3 Oosbmioro m3MeHeHuss B Teopuu. Kak okasainocs,
HUYEro IIOJ00HOrO.

3a mocneayroume OAWMHHAANATH JeT OWHINTEHH
pa3paboTal HOBYIO TEOPHUIO TSATOTEHUS, KOTOPYIO OH
Ha3BaJ o01Ien

moving at different speeds would choose different
directions for time in space-time. Einstein’s theory
of special relativity was therefore a new model,
which got rid of the concepts of absolute time and
absolute rest (i.e., rest with respect to the fixed
ether).

Einstein soon realized that to make gravity
compatible with relativity another change was
necessary. According to Newton’s theory of
gravity, at any given time objects are attracted to
each other by a force that depends on the distance
between them at that time. But the theory of
relativity had abolished the concept of absolute
time, so there was no way to define when the
distance between the masses should be measured.
Thus Newton’s theory of gravity was not
consistent with special relativity and had to be
modified. The conflict might sound like a mere
technical difficulty, perhaps even a detail that
could somehow be worked around without much
change in the theory. As it turned out, nothing
could have been further from the truth.

Over the next eleven years Einstein developed a
new theory of gravity, which he called general



OTHOCHUTEIBHOCTEIO. [lOHATHME CHIIBI TSDKECTH B OOIIEH
OTHOCHUTEJIBHOCTH COBCEM HE I0X0ke Ha HbroTOHOBCKOE.
Bmecto 3TOoro oHo 0a3upoBalioCh Ha PEBOIOLMOHHOM
IPEI0KEHUH, YTO IIPOCTPAHCTBO-BPEMSI HE IIJIOCKOE, KaK
OBLIIO MIPUHSTO paHee, a U30THYTO M UCKPUBIEHO MacCoi U
SHEPrueyr B HEM.

Xopomuii  crnocod  HM300pa3suUTh  MCKPUBIEHUE -
IpEeJICTaBUTh  cede  IMOBEPXHOCTh  3eMJIM.  XOT
MOBEPXHOCTh 3€MJIM BCETO JIMIIb AByMEpHa (IIOTOMY YTO
Ha HEH ecTh TOJBKO JIBa HAIpaBICHUSA, HaIpuUMmep,
CeBep/I0T M BOCTOK/3ama), Mbl COOMpPaeMCsl UCITOJIb30BaTh
ee B KauecTBE Hallero InpumMepa, I[OTOMY 4YTO
UCKPUBJICHHOE JBYMEPHOE TMPOCTPAHCTBO Jierde cebe
MpEACTaBUTh, YEM HMCKPUBIEHHOE  YETHIPEXMEPHOE
IIPOCTPAHCTBO. ['€OMETpUsI MCKPUBJICHHBIX MPOCTPAHCTB,
TaKUX KaK MOBEPXHOCTb 3€MJIM, HE NPEJCTaBIIET COOOi
3HaKkoMyr0 HaMm EBkinngoBy reomerputo. Hampumep, Ha
MOBEPXHOCTU 3€MJIM CaMO€ KOPOTKOE PAacCTOSTHUE MEXITY
JIByMsl IIYHKTAMH — KOTOPO€ Mbl 3HA€M KakK MPSMYIO B
EBKIMI0BOM reOMETpUH - 3TO IMyTh, COCIUHSIOMIMI JBA
MyHKTa BJOJNb TaK Ha3bIBAEMOro OOJBIIOTO Kpyra.
(bonbiIo# Kpyr - 3TO KPYT HA MOBEPXHOCTH 3€MIJIU, LICHTP
KOTOpPOr0 COBMAJaeT ¢ LEHTPOM 3eMId. OKBaTop --
npumep OoJbBIIOr0 Kpyra, W BooOIIe, J000H KpyT,
MOJIYYEHHBIM TOBOPOTOM HKBATOpPa BMECTE C PA3IUUHBIMU

relativity. The concept of gravity in general
relativity is nothing like Newton’s. Instead, it is
based on the revolutionary proposal that
space-time is not flat, as had been assumed
previously, but is curved and distorted by the mass
and energy in it.

A good way to picture curvature is to think of
the surface of the earth. Although the earth’s
surface is only two-dimensional (because there
are only two directions along it, say north/south
and east/west), we're going to use it as our
example because a curved two-dimensional space
is easier to picture than a curved four-dimensional
space. The geometry of curved spaces such as the
earth’s surface is not the Euclidean geometry we
are familiar with. For example, on the earth’s
surface, the shortest distance between two
points—which we know as a line in Euclidean
geometry—is the path connecting the two points
along what is called a great circle. (A great circle is
a circle along the earth’s surface whose center
coincides with the center of the earth. The equator
is an example of a great circle, and so is any circle
obtained by rotating the equator along different



TraMeTpamu).

[Ipencrassbre, CKaKEM, 4To Brr XOTEJIN
nyrenrecTBoBaTh U3 Hero-Mopka B Manpuy, sBa ropoa,
JeKale Mo4YTH Ha OJHOW M ToW ke wmupore. Eciau Obl
3emsist OblIa IUIOCKOM, TO CaMblid KOPOTKHM MapIipyT
JOJDKEH OBLI JIepXKaTh Kypce MpsiMO Ha BOCTOK. Ecim Ob
Ber Tak cpemanu, TO npubbuin Ol B Manpun,
npomyreniectBoBaB 3 707 mwib. Ho u3-3a uckpuBiieHUs
3eMiIl €CTh IyTh, KOTOPBIA HA IJIOCKOW KapTe BBITJIAJINAT
KPUBBIM U, CJI€I0BATEIIbHO, 00Jiee JUIMHHBIM, HO KOTOPBIH
B JICHCTBUTENHHOCTU KOopode. Bbl Moxxere moOparbes
Tyna, npeogoieB 3 605 Muib, ecinu mpocienyere Io
MapuIpyTy OOJBIIOrO Kpyra, KOTOPBIA JOJDKEH CHayala
B35Thb KypC Ha CEBEpO-BOCTOK, 3aT€M IIOCTEIEHHO
MOBEPHYTh HA BOCTOK, a 3aT€M Ha IOro-BOCTOK. Paznnune
B pacCTOSHUM MEXAY OTHUMH JBYMS MaplipyTaMu
BO3HUKAET U3-3a UCKPUBJICHUS 3€MJIM U CBUJETEIILCTBA €€
HEEBKJIUJIOBOM T'E€OMETPUU. ABHUAJIMHUM 3HAIOT 3TO H
OPUHUMAIOT Mepbl, uYTOObl WX TMHIOTHl CJIEI0BAIU
MapiIpyTaMu OOJIBILIOTO Kpyra MpakTUYeCKH BCETa.

CornacHo 3akoHaM MexaHukd HpIOTOHa, OOBEKTHI,
TakMe Kak IMYyIIeYHble sApa, KpyaccaHbl U IUIAHETHI,
NEPEMELIAIOTCS IO HPSMBIM JIMHUSAM, €CIM Ha HUX HE
JIEUCTBYIOT CHWJIBI, TakWe Kak clwia Tskectd. Ho
rpaBUTallis B TEOpUU OMHIUTEHHA HE SABIAETCA CHIIOH,
no0OHO JpYrMM; CKOpPEe OHa MpEeJCTaBiIsIeT Cco0oi
cieAcTBue  Toro  ¢akra, YTO Macca  MCKaKkaeT
IIPOCTPAHCTBO-BPEMS, CO3/1aBasi UCKpHUBIIEHHE. B Teopun
DUHIITeHa 00BEKTHI IBUKYTCS O

diameters.)

Imagine, say, that you wanted to travel from
New York to Madrid, two cities that are at almost
the same latitude. If the earth were flat, the
shortest route would be to head straight east. If
vou did that, vou would arrive in Madrid after
traveling 3,707 miles. But due to the earth’s
curvature, there is a path that on a flat map looks
curved and hence longer, but which is actually
shorter. You can get there in 3,605 miles if you
follow the great-circle route, which is to first head
northeast, then gradually turn east, and then
southeast. The difference in distance between the
two routes is due to the earth’s curvature, and a
sign of its non-Euclidean geometry. Airlines know
this, and arrange for their pilots to follow
great-circle routes whenever practical.

According to Newton’s laws of motion, objects
such as cannonballs, croissants, and planets move
in straight lines unless acted upon by a force, such
as gravity. But gravity, in Einstein’s theory, is not a
force like other forces; rather, it is a consequence
of the fact that mass distorts space-time, creating
curvature. In Einstein’s theory, objects move on



reoIe3UYECKUM JIMHUSIM, 4TO OJMXKE BCEro K IpPSIMBIM B
UCKPHUBJIICHHOM  IIPOCTPaHCTBE.  JIMHMM  SBIAIOTCA
reoIe3UYECKUMH  Ha IUIOCKOCTH, a OOJIbLIME KPYrH -
reoIe3UYeCKUe Ha MOBEpXHOCTH 3Jemud. B orcyrcrBue
BEUIECTBA, TIC€OJEC3UYECKUE JIMHUM B UYETHIPEXMEPHOM
IIPOCTPAHCTBE-BPEMEHU  COOTBETCTBYIOT  JIMHHUSM B
TpEeXMEpHOM  mpocTpaHcTBe. Ho  korma  BemecTso
IIPUCYTCTBYET, UCKaXkasi IPOCTPAHCTBO-BPEMs], IIyTHU TEJ B
COOTBETCTBYIOILLEM TPEXMEPHOM IIPOCTPAHCTBE
UCKPUBJIIOTCS B CMbICIE, KOTOpeIM B HbroTOHOBOMU
TeOpuM  OOBsICHsICS  cuiod  mpuTsbkeHus.  Korna
IPOCTPAHCTBO-BPEMsI ~ MCKPHBIECHO, IyTH OOBEKTOB
u3rubaroTcs, OyATO Kakasi-TO cujia BO3JAECHCTBYET HAa HUX.

T'eone3usi. Kpatuaiiniee paccTosiHue MEXy IByMS TOYKaMHU Ha
3eMHOM MTOBEPXHOCTH HCKPHUBIIAETCS, OyAydr HAPUCOBAHHBIM Ha
IUIOCKOM KapTe — YTO-TO BCIUIBIBACT B TIAMATH, €CJIM BBl Ipoxoaunu
TECT Ha TPE3BOCTb.

geodesics, which are the nearest things to straight
lines in a curved space. Lines are geodesics on the
flat plane, and great circles are geodesics on the
surface of the earth. In the absence of matter, the
geodesics in  four-dimensional space-time
correspond to lines in three-dimensional space.
But when matter is present, distorting space-time,
the paths of bodies in the corresponding
three-dimensional space curve in a manner that in
Newtonian theory was explained by the attraction
of gravity. When space-time is not flat, objects’
paths appear to be bent, giving the impression that
a force is acting on them.

Geodesics The shortest distance between two points on the earth’s surface
appears curved when drawn on a flot map—something to keep in mind if
ever given a sobriety test.



N3 oOmeit Teopun OTHOCUTEIBHOCTH ODWHINTEHHA
BBIICTISIOT CIEUUAIbHYI0 TEOPUI0 OTHOCUTEIHHOCTH, JUIS
CJIy4aeB C HYJIEBOM I'PaBUTALMEN, KOTOPAs BBIIAET MOUYTH
TakMe K€ TMpEeJCKa3aHusd, KaK M TEOopusl TATOTCHUS
Herotona s cpenpl B Hameil COlHEUHOM cUCTEME €O
Ca0bIM TATOTEHHEM — HO He coBceM. DaKTUYECKH, eCIH
Obl 00Imas OTHOCHTEIHHOCTh HE MPUHUMAIACH BO
BHHMaHHUE CITyTHHUKOBOW HaBUTAIMOHHOW cuctemonr GPS,
OmoOoK J1I00aJIbHOTO MTO3UITUOHUPOBAHHUS
HAKaIlJIMBAIOCh ObI OKOJIO JECSATH KHIOMETPOB KaXKIIbIi
nenp! Taxk wiM wHAYe, HOMIMHHOE 3HAYeHHE OO
OTHOCUTEIIbHOCTH HE B NPUMEHEHHH €€ B YCTPOMHCTBax,
KOTOpbIE YK&XYT BaM IyTh JI0 HOBOI'O PECTOpaHa, HO
CKOpee B TOM, 4YTO JTO COBEPIIEHHO HOBasg MOJEIb
Bcenennoi, mnpeackasplBarolllas HOBBIE SIBICHHS, TaKHe
KaK TpaBUTALIMOHHBIC BOJHBI M 4Y€pHBbIE NbIpbl. M Takum
o0pa3om o011asi OTHOCUTENBHOCTh MpeBpaTHiia (PU3UKY B
reomerputo. CoOBpeMEHHbIE TEXHOJOTUU JOCTATOYHO
YYBCTBHTEIBHBI, YTOOBI IIO3BOJUTH HaM BBIIOITHSITH
MHO>KECTBO YyBCTBUTEIBHBIX IpOBEpPOK  oOImei
OTHOCHUTEIILHOCTH, M OHA BBIIEPKHBAET UX Bce 0e€3
UCKITIOYCHHS.

XoTst o0e paguKaabHO W3MEHWIN (U3HUKY, Teopus
JNeKTpoMarHeTusmMa MakcBella U TEOpHusl TPaBUTAIUU -
0011e#l OTHOCHTENBPHOCTH DWHINTEHHA — 00€, MoI00HO0
COOCTBEHHOM busnke HprotoHa, SIBIIAIOTCS
KJIACCHYECKUMH TEOPUSMU. 3HAYUT OHHU - MOJCIH, B
KOTOPBIX

Einstein’'s general theory of relativity
reproduces special relativity when gravity is
absent, and it makes almost the same predictions
as Newton’s theory of gravity in the weak-gravity
environment of our solar system—but not quite.
In fact, if general relativity were not taken into
account in GPS satellite navigation systems, errors
in global positions would accumulate at a rate of
about ten kilometers each day! However, the real
importance of general relativity is not its
application in devices that guide you to new
restaurants, but rather that it is a very different
model of the universe, which predicts new effects
such as gravitational waves and black holes. And
so general relativity has transformed physics into
geometry. Modern technology is sensitive enough
to allow us to perform many sensitive tests of
general relativity, and it has passed every one.

Though they both revolutionized physics,
Maxwell’'s theory of electromagnetism and
Einstein’s theory of gravity—general relativity—are
both, like Newton’s own physics, classical
theories. That is, they are models in which the



Bcenennas wuMeeT €IMHCTBEHHYIO HCTOpuio. Kak Mbl
BUJICJIA B TOCJICTHEN TJIaBe, HA aTOMHBIX M CyOaTOMHBIX
YPOBHSIX ATH MOJEJIU HE COTJIACYIOTCSI C HAOIIOJCHUSMHU.
BmecTto 3TOrO0 MBI JOMKHBI HCIOJB30BATh KBAaHTOBBIC
TEOpUHU, B KOTOpHIX y BcenenHoit Moxker ObITh mr00as
BO3MOXXHAsi HCTOpHUS, KaXKIas CO CBOEH COOCTBEHHOM
aMIUIUTYI0M HMHTEHCUBHOCTHM WM BeposATHOCTH. s
MPaKTUYECKUX BBIYMCICHUM, KaCAOMMXCS OyIHHUYHOTO
MHpa, Mbl ~ MOXEM  IPOJOJDKATh  HCIIOJIb30BATH
KJIACCUYECKHE TEOpPUU, HO €CIU Mbl XOTHUM TMOHSTH
MOBEJCHUE AaTOMOB U MOJIEKYJ, Mbl HYXKJIaeMcs B
KBAaHTOBOM  BEPCHU  TEOPUU  DJIEKTPOMArHeTH3Ma
MakcBemia; M €caM  Mbl  XOTUM MOHATh PAHHIOIO
Bcenennyto, korna Bcsi Matepusi M 3Heprus Bo BeeneHHoM
OBUIM C)KaThl B MaJCHbKUI 00BEM, Yy HAcC JOJHKHA OBIThH
KBAaHTOBAas Bepcusl OOIIEH TEOPHH OTHOCHUTEIBHOCTH. MBI
HYXXJIa€MCsl B TaKUX TEOPUSX TAKKE MOTOMY, YTO, €CIU
MBI CTPEMHMCSI K TIOHUMAHUIO TPUHIIUIIOB TPHUPOIBI,
OBLIIO OBl HEJNOTMYHO, €ClNU Obl HEKOTOpBIE W3 3aKOHOB
ObTM KBAaHTOBBIMH, B TO BpeMs Kak JApyrue -
KJ1laccuyeckuMu. [103ToMy MBI OJI’KHBI HAUTH KBAaHTOBBIE
BEPCHUM BCEX 3aKOHOB MpUPOJbl. Takue Teopuu Ha3bIBaAIOT
TEOPHUSIMU KBAHTOBOT'O MOJISI.

N3BecTHBIE CUITBI IPUPOIBI MOTYT OBITh pa3zelieHbl Ha
YeThIpe Kiacca:

universe has a single history. As we saw in the last
chapter, at the atomic and subatomic levels these
models do not agree with observations. Instead,
we have to use quantum theories in which the
universe can have any possible history, each with
its own intensity or probability amplitude. For
practical calculations involving the evervday
world, we can continue to use classical theories,
but if we wish to understand the behavior of atoms
and molecules, we need a quantum version of
Maxwell’s theory of electromagnetism; and if we
want to understand the early universe, when all
the matter and energy in the universe were
squeezed into a small volume, we must have a
quantum version of the theory of general
relativity. We also need such theories because if
we are seeking a fundamental understanding of
nature, it would not be consistent if some of the
laws were quantum while others were classical.
We therefore have to find quantum versions of all
the laws of nature. Such theories are called
quantum field theories.

The known forces of nature can be divided into
four classes:



1. I'paBuTanms. D10 camas ciabast U3 YETBIPEX CHII, HO
OHa - CUJia JaJIbHEro JICUCTBUS U BO3JICHCTBYET HA BCE BO
Bcenennoii B Bujie MpUTSKEHUSA. ITO 03HAYAET, YTO MJIA
OOJILIITUX TEJ BCE TPABUTALIMOHHBIE CHJIBI CKJIAIBIBAIOTCS
Y MOTYT JIOMUHHPOBATH HaJl BCEMU JPYTUMU CHUJIAMHU.

2. DJEKTPOMAarHeTu3M. ITO TaKXKe Cuia JabHETO
JIeMCTBUS U HAMHOTO 0oJsiee CuilbHasA, YeM IpaBUTALMS, HO
OHA JIEHCTBYET TOJIBKO HA DJIEKTPUUECKU 3apsyKEHHbIE
YacTUIlbl, OTTAJKHUBas 3aps/ibl OJMHAKOBBIX 3HAKOB U
HOPUTSTUBas 3apsApl IMPOTHUBOIOJIOKHBIX 3HAKOB. ITO
O3HayaeT, 4TO HJIEKTPUYECKHE CUIIbI B OOJBIIMX Tesax
YpaBHOBEIIMBAIOT APYT Apyra, HO B MaciiTabax aTOMOB U
MOJIEKYJ OHM HpeoOsafaroT. DJIEKTPOMArHUTHBIC CHIIBI
OTBETCTBEHHEI 33 BCIO XUMHIO U OHOIOTHIO.

3. Cnaboe sgepHOE B3aUMOJACHCTBHE. ITO cuHJa
ABIISIETCSl  NPUYMHOM  PAAMOAKTUBHOCTH M WUIPaeT
JKU3HEHHO BAXKHYIO POJb B ()OPMHPOBAHUU DJIEMEHTOB B
3Be3JaX M paHHeu BceeneHHoil. Msbl, oOnxHako, He
CTAJIKMBAaeMCsI C JTOM CHIOM B HameHd ITOBCEIHEBHOM
JKU3HH.

4. CuibHOE sIepHOE B3aWMOJEHCTBHE. JTa CcHIia
YIEPKUBAET BMECTE

1. Gravity. This is the weakest of the four, but it
is a long-range force and acts on everything in the
universe as an attraction. This means that for large
bodies the gravitational forces all add up and can
dominate over all other forces.

2. Electromagnetism. This is also long-range and
is much stronger than gravity, but it acts only on
particles with an electric charge, being repulsive
between charges of the same sign and attractive
between charges of the opposite sign. This means
the electric forces between large bodies cancel
each other out, but on the scales of atoms and
molecules they dominate. Electromagnetic forces
are responsible for all of chemistry and biology.

3. Weak nuclear force. This causes radioactivity
and plays a vital role in the formation of the
elements in stars and the early universe. We don't,
however, come into contact with this force in our
everyday lives.

4. Strong nuclear force. This force holds together



MPOTOHBI M HEUTpPOHBI B sApe aroMa. OHa Takxe
YAEPKUBAET OT pacliaja caMd IMPOTOHBI U HEHTPOHBI, YTO
HEO0OXO0UMO, TIOTOMY 4YTO OHHU CHeJaHbl U3 elle Oonee
KPOIIIEUHBIX YaCTHUIl, KBAPKOB, KOTOPHIE Mbl YIIOMUHAIIA B
I'maBe 3. CuipHOE B3auMOJEWCTBHE - HCTOYHHUK
COJTHEYHOH W SJICPHOW SHEPTHH, HO, KaK U CO CIIa0BIM
B3aUMOJICMCTBMEM, MBI C HHM  HampsaMyK  HE
KOHTaKTHUPYEM.

[lepBas cwia, aust KOTOpoil ObLIa CO3/1aHa KBAaHTOBAs
Bepcusi, ObUTa 3JEKTpOMarHeTu3mMoM. KBaHTOBasi Teopus
QJICKTPOMArHUTHOTO  TOJIsA, Ha3BaHHAs  KBAHTOBBIM
3JIEKTpOMarHeTu3MoM win i Kpatkoctu QED, Oblia
paspaborana B 1940-pix Puuapmom @eiitHMaHoM U
JPYTUMH, U CTala MOJIENBIO Il BCEX KBAHTOBBIX TEOPHUI
noisi. Kak MbI ckaszaiii, COTJacHO KIIACCHYECKUM TEOPHSIM,
CWJIBI TIEpEHOCATCS ToisMU. Ho B KBAaHTOBBIX TEOPHSIX
TIOJIsSI CUJIOBBIE TIOJISI OTHMCHIBAIOTCS KaK COCTaBJICHHBIC W3
pa3MYHBIX  DJIEMEHTApHBIX  YacTUI,  Ha3BaHHBIX
0030HaMU, YaCTUIAMH, IMEPEHOCAITUMH CHITYy, KOTOPBIC
JeTaloT Tyda-Cloda MeEXAy 4YacTHIIaMU  MaTepuH,
nepenaBass  CWJIbl.  YacTHIIBI  MaTepUu  HA3BIBAIOT
dbepmMuoHaMu. DIEKTPOHBI MU KBApKU - MPHUMEPHI
dbepmuoHOB. POTOH, WM YaCTUTIA

the protons and neutrons inside the nucleus of an
atom. It also holds together the protons and
neutrons themselves, which is necessary because
they are made of still tinier particles, the quarks
we mentioned in Chapter 3. The strong force is the
energy source for the sun and nuclear power, but,
as with the weak force, we don’t have direct
contact with it.

The first force for which a quantum version was
created was electromagnetism. The quantum
theory of the electromagnetic field, called
quantum electrodynamics, or QED for short, was
developed in the 1940s by Richard Feynman and
others, and has become a model for all quantum
field theories. As we've said, according to classical
theories, forces are transmitted by fields. But in
quantum field theories the force fields are pictured
as being made of various elementary particles
called bosons, which are force-carrying particles
that fly back and forth between matter particles,
transmitting the forces. The matter particles are
called fermions. Electrons and quarks are
examples of fermions. The photon, or particle of



cBeta - mpuMmep Oo30Ha. DOTOo 0OO030H, TEpENAIOIIHUA
JIEKTPOMAarHuTHY cuiy. IIponcxoauT Tak, 4To yacTuua
MaTepuM, Takas Kak 3JIEKTPOH, HCIyckaeT OO030H, WM
YaCTHUILy CUJIbI, U OTCKAaKWBAeT OT Hee, MOYTH TaK K€, KaK
OpyIue OTKaTbIBAaeTCs IOCHE€ BBICTPENa IYLIECYHBIM
sapoM. YacTtuna cuibl 3aTéM CTAJKUBAETCS € APYrou
YacTULEH MaTepuu M IOIJIOIIAETCs, MEHss [BU)KEHUE
stoii wactuiel. CormacHo QED, Bce B3aumopelicTBus
MEXIY 3apsDKeHHBIMM — 4YacTULAMH -  YacCTHUIIAMH,
YYBCTBUTEIBHBIMH K  DJIEKTPOMAarHUTHOM  cuie -
OIKCBIBAIOTCS B TEPMUHAX 0OMeHa (poTOHAMH.

[Ipenckazanus QED ObLIH IIPOBEPEHBI u
00BSIBIIEHHBIMU COOTBETCTBYIOLIUMHU
IKCIEPUMEHTAJIbHBIM  pe3yibTaTaM c OobIION
TOYHOCTBHIO. HO BBINOJIHEHUE MaTeMaTHUYECKHX pacyeTos,
tpeOyempix QED, w™oxxker OBITh 3aTpyAHUTEIBHBIM.
[Ipobnema, xak OyneT BUJHO HUXKE, B TOM, 4TO Korja Ber
no0aBisieTe K BBILIEYIIOMSHYTOMY MEXaHHU3My oOOMeHa
YacTUI[aMH KBAaHTOBOE YCIIOBHE, YTOOBI KaX/1asi BKIItoYasa
BCE UCTOPHUH, B PE3YyJbTaT€ KOTOPHIX MOXKET MPOU30UTH
B3aUMO/IEIICTBUE — HAIlpUMEp, BCE CIIOCOOBI, KOTOPHIMU
YacTUIIBI MOTYT OOMEHHBATHCS CHJIAMH — MaTeMaTHKa
cTaHOBUTCA  ciokHoM. K cuactbio, Hapsagy ¢
n300peTeHNeM TOHATHS abTePHATHBHBIX HCTOPUH —
crnocoba

light, is an example of a boson. It is the boson that
transmits the electromagnetic force. What
happens is that a matter particle, such as an
electron, emits a boson, or force particle, and
recoils from it, much as a cannon recoils after
firing a cannonball. The force particle then collides
with another matter particle and is absorbed,
changing the motion of that particle. According to
QED, all the interactions between charged
particles—particles that feel the electromagnetic
force—are described in terms of the exchange of
photons.

The predictions of QED have been tested and
found to match experimental results with great
precision. But performing the mathematical
calculations required by QED can be difficult. The
problem, as we'll see below, is that when you add
to the above framework of particle exchange the
quantum requirement that one include all the
histories by which an interaction can occur—for
example, all the ways the force particles can be
exchanged—the mathematics becomes
complicated. Fortunately, along with inventing the
notion of alternative histories—the way of



NpEACTaBUTh ce0e KBaHTOBBIE TEOPHM, OIHCAHHBIE B
nocienHe rtnaBe - @DellHMaH Takke pazpadoTain
UCKYCHBIA TpaUuecKUil METO COCTaBJIEHUS pa3IMYHBIX
UCTOPUM, METOJ, KOTOpBIM CErofHs IIPUMEHSAETCS He
Tosibko K QED, HO M KO BceM KBaHTOBBIM TEOPUSM I1OJIS.

I'paduueckuii Mmeton PeitHMana oOecrieynBaeT Crocoo
HarJSIIHO IPEACTAaBUTh KaX/Iblii KOMIIOHEHT B CyMME IO
UCTOpUSIM. OTHU PpUCYHKHM, HaA3BaHHbBIE JUarpaMMaMH
QeiiHMaHa, SBIAIOTCA OJHUMHM M3 CaMbIX BaXKHbBIX
UHCTPYMEHTOB coBpeMeHHOH ¢u3uku. B QED cymma mo
BCEM BO3MOXKHBIM HCTOPHSIM MOXKET OBbITh IIpeJICTaBlICHA B
BHJIE CyMMbI 1O auarpamMmmaMm @eiHMaHa, Kak Te, 4TO
HIDKE, MPEJCTaBIAIOIIMM HEKOTOpble U3  CIIOCOOOB,
KOTOpPBIMU JIBa 3JIEKTPOHA MOTYT pPa3ieTeTbCs JpYyr OT
Jpyra B pe3yibTare AEHCTBHS 3JEKTPOMArHUTHON CHIIBL.
B stux numarpammax CIUIOUIHBIE JIMHUM HPEJICTaBISIIOT
JJIEKTPOHBI, @  BOJHHCTBIE -  (oTOHBL.  Bpems
noJipa3ymMeBaeTcs TEKYIIUM CHHM3y BBEPX U MPOCTABJICHO
Ha COEIMHEHUSAX JHHUM, COOTBETCTBYIOLIUX (OTOHAM,
UCIYCKAa€MbIM  MJIM  TIOIVIOIIAEMBIM  3JIEKTPOHOM.
Huarpamma  (A)  mpeiacTaBiasieT  JBa  JJEKTPOHA,
npuOIKaroIumecs JIpyr K Jpyry, OOMeHMBaroIuecs
(GOoTOHOM, M 3aTeM MpPOJOJDKAIOUIME CBOM MyTh. ITO
camblif POCTOM CIIOCOO, KOTOPBHIM JBa AJIEKTPOHA MOTYT
JJIEKTPOMAarHUTHO B3aWMOJIEHCTBOBAaTb, HO MBI JOJIKHBI
paccMoTpeTh Bce BO3MOKHBIE HcTopuu. CreaoBarenbHO,
MBI

thinking about quantum theories described in the
last chapter—Feynman also developed a neat
graphical method of accounting for the different
histories, a method that is today applied not just to
QED but to all quantum field theories.

Feynman’s graphical method provides a way of
visualizing each term in the sum over histories.
Those pictures, called Feynman diagrams, are one
of the most important tools of modern physics. In
QED the sum over all possible histories can be
represented as a sum over Feynman diagrams like
those below, which represent some of the ways it
is possible for two electrons to scatter off each
other through the electromagnetic force. In these
diagrams the solid lines represent the electrons
and the wavy lines represent photons. Time is
understood as progressing from bottom to top,
and places where lines join correspond to photons
being emitted or absorbed by an electron. Diagram
(A) represents the two electrons approaching each
other, exchanging a photon, and then continuing
on their way. That is the simplest way in which two
electrons can interact electromagnetically, but we
must consider all possible histories. Hence we



JIOJDKHBI TaK)K€ YYUTHIBATh JUArpaMmbl, 1mojo0Hbe (B).
Ota auarpamma Takke H300paXkaeT J1Be BXOMALINE JTMHUH
— cONmKaroImuecs: 3JMEKTPOHBI — W JBE HUCXOJAIINE
JUHAW — pPa3JieTalomuecs 3JIEKTPOHBI — HO B 3TOH
JarpaMMe 3JIeKTPOHbI OOMEHHUBAIOTCS ABYMSI (JOTOHAMM,
npexe 4eM pasnererscs. M300paxkeHHble AuarpaMmbl -
JIMIIB HEKOTOPHIC U3 BapUAHTOB; (DAKTUYECKH CYIIECTBYET
0ECKOHEUHOE YHUCIIO AMarpamMm, KOTOpBIE JOJKHBI OBITH
BBIYUCIICHBl MATEMATHUYECKH.
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Juarpammel @eifHMaHa. OTH JUarpaMMbl OTHOCATCS K TIpoOLECCY, B
KOTOPOM JIBa 3JIEKTPOHA PACCEUBAIOTCS IPYT OT Apyra.

5

must also include diagrams like (B). That diagram
also pictures two lines coming in—the approaching
electrons—and two lines going out—the scattered
ones—but in this diagram the electrons exchange
two photons before flying off. The diagrams
pictured are only a few of the possibilities; in fact,
there are an infinite number of diagrams, which
must be mathematically accounted for.

©
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Feynman Diagrams These diagrams pertain 1o a process in which two
electrons scatter off each other.

©



Juarpammbl @eifHMaHa HE TONBKO aKKypaTHBIN cIoco0
u300pa3uth M KiIaccu(UUUPOBAaTh, KaK  MOTYT
MPOUCXOINTh B3aumoneucTBus. [uarpammam DeitHmaHa
CONYTCTBYIOT NPAaBWJIA, KOTOPBIE IO3BOJIAIOT BBIBOJUTD,
UCXOAs W3 JMHUM M BEPIIMH Ha KaXI0M Juarpamme,
MaTeMaTUYeCKHe BbIpaXeHUs. BeposTHOCTh, CKaXkeM, 4TO
BXOJSIIIAE  DJIEKTPOHBI C  HEKOTOPBIM  3aJaHHBIM
HAaYaJIbHbIM HMITYJIbCOM OKaXYTCSl pPa3jeTEBLIIUMUCA C
HEKOTOPBIM OIPEJIECIECHHBIM KOHEYHBIM HMITYJIBCOM, IpHU
3TOM MOJy4Y€Ha CYMMHPOBAHHEM BKJAJOB OT Kaxaou
nuarpammbl - DeitHmana. OTo  MoXeT moTpeboBaTh
HEMaJoro TpyJAa, IIOCKOJIbKY, Kak Mbl CKa3zalu, WX
cyliecTByeT OeckoHeyHoe uucio. Kpome Toro, xotd
BXO/SIIMM W MCXOJSIIMM 3JEKTPOHAM IPHUCBAUBAIOT
ONPEACICHHYID DJHEPrHI0 MW HMIIYJIbC, YacCTHUIBI B
3aMKHYTBIX KOHTYpax BHYTPHU AuarpaMMbl MOTYT UMETH
JT00YI0 SHEPTUIO U UMIYJIBC. DTO BaXXHO, IOTOMY YTO MIPH
cocraBiieHUM cyMMbl DeilHMaHa HY»KHO CYMMHPOBATh HE
TOJBKO IO BCEM JAMarpaMMamM, HO TaKX€ M 10 BCEM
3HAYEHHUSIM DHEPTUHU U UMITYJIbCA.

Huarpammbl  @DelfHMaHa NOPEIOCTABISAIOT  (PU3UKAM
OTPOMHYIO TIOMOIIb B BU3YaJIM3allUM U BBIYUCICHUU
BEpOsITHOCTEW Tporecco, onucanHbix QED. Ho onum He
U3NICYUBAIOT OJHY BAXKHYIO OOJIE3Hb,

Feynman diagrams aren’t just a neat way of
picturing and categorizing how interactions can
occur. Feynman diagrams come with rules that
allow you to read off, from the lines and vertices in
each diagram, a mathematical expression. The
probability, say, that the incoming electrons, with
some given initial momentum, will end up flying
off with some particular final momentum is then
obtained by summing the contributions from each
Feynman diagram. That can take some work,
because, as we've said, there are an infinite
number of them. Moreover, although the
incoming and outgoing electrons are assigned a
definite energy and momentum, the particles in
the closed loops in the interior of the diagram can
have any energy and momentum. That is
important because in forming the Feynman sum
one must sum not only over all diagrams but also
over all those values of energy and momentum.

Feynman diagrams provided physicists with
enormous help in visualizing and calculating the
probabilities of the processes described by QED.
But they did not cure one important ailment



nepeneceHnyto teopueid. Korna Bel cknagpiBaeTe BKIaIbI
0T OECKOHEYHOTO 4YHCla pa3IU4YHBIX HCTOpUi, BBl
nosryyaete OeckoHeuHbIH pe3ynbrat. (Ecou nocnenytomiue
YJIeHbl B OECKOHEYHON CyMME YMEHBINAIOTCS JOCTATOYHO
OBICTPO, CyMMa MOXET ObITh KOHEYHOH, HO 3TOro, K
COKaJICHUIO, 3/IECh HE MPOUCXOUT). B wacTHOCTH, KOT/1a
auarpaMmbl - DeliHMaHa  CIIOKEHBI, OTBET, KaXeTcs,
MpeJIoiaraeT, 4YTo y dSJEKTpOoHAa OCECKOHEYHash macca H
3apsia. OTo abcypl, MOTOMY UYTO MBI MOXEM H3MEPHUTH
Maccy H 3apsiji, U OHU KOHEYHBI. UTOOBI CIPaBUTHCS C
TUMHU OECKOHEYHOCTsIMH Oblna pazpaboTaHa mpoueaypa,
Ha3BaHHAas IEPEHOPMHUPOBKOM.

[Iponiecc nepeHOPMUPOBKH MOAPA3YMEBAET BHIYUTAHUE
KOJIMYECTBA, OICHUBAEMOr0 Kak OCCKOHEYHOE H
OTpHUIATENIbHOE, TAaKUM CIOCOO0M, YTO MPH THIATEIHLHOM
MaTEeMaTUYeCKOM pacueTre CyMma OTpPHIATCIbHBIX U
MOJIOKUTEIBHBIX OECKOHEYHBIX BETMYNH, BOSHUKAIOIINX B
TEOPHUH, CBOJUTCS TMOYTH HA HET, OCTABJISSI MaJCHBKUMA
OCTaTOK, KOHEYHOE HaOII0JlaeMoe 3HaYeHHe MacChl U
3apsiia. DTH MAaHUTYJISIAA MOTJIM ObI TOXOUTh HAa TaKOTO
poJa BelM, U3-3a KOTOPBIX BBl OBl MpoBaNMINCH Ha
IIKOJIbHOM MaTEMaTHYECKOM dK3aMEHE, U IEUCTBUTEIHHO,
NEPEHOPMUPOBKA, KaK M €€ 3ByYaHUE, COMHUTEIIbHA B
MaTeMaTuyeckoM riane. OauH U3 pe3ybTaToB

suffered by the theory: When you add the
contributions from the infinite number of
different histories, you get an infinite result. (If
the successive terms in an infinite sum decrease
fast enough, it is possible for the sum to be finite,
but that, unfortunately, doesn’t happen here.) In
particular, when the Feynman diagrams are added
up, the answer seems to imply that the electron
has an infinite mass and charge. This is absurd,
because we can measure the mass and charge and
they are finite. To deal with these infinities, a
procedure called renormalization was developed.
The process of renormalization involves
subtracting quantities that are defined to be
infinite and negative in such a way that, with
careful mathematical accounting, the sum of the
negative infinite values and the positive infinite
values that arise in the theory almost cancel out,
leaving a small remainder, the finite observed
values of mass and charge. These manipulations
might sound like the sort of things that get you a
flunking grade on a school math exam, and
renormalization 1is indeed, as it sounds,
mathematically dubious. One consequence is that



- YTO 3HAYEHHUS, MTOJYYCHHbIE 3TUM METOJOM JUIS MacChl U
3apsiga SJEKTPOHA, MOTYT OBITh JIFOOBIM KOHEYHBIM
ymcioM. [IpenmyIecTBo 3Toro B ToM, 4To (U3UKH MOTYT
BbIOpaTh OTpHUIATENIbHBIE OECKOHEUHOCTH TAKUM 00pa3oM,
YTOOBI MOJIYYUTh MPABUIBHBIM OTBET, HO HEYIOOCTBO -
YTO Macca W 3apsj 3JCKTPOHA, MMO3TOMY HE MOTYT OBITh
npeJicKa3aHbl Ha OCHOBaHUM ATON Teopur. Ho kak TonbKo
MBI YCTAaHOBMJIM MACCy U 3apsiji JIEKTPOHA 3TUM METO/IOM,
MBI MOXeM ucnoib3oBath QED, 4ToOb crmemath
MHO>KECTBO JIDYTUX OYEHb TOYHBIX IMPEICKA3aHHM,
KOTOpBIE BEChbMa TOYHO COTJIACYIOTCS C HaOIIOJeHHEM,
TakuM  00pa3oM, TMEpEeHOPMHpPOBKAa - OJIWUH U3
cymectBeHHbIX KomrnoHeHToB QED. IlepBbiM Tpuymdom
QED, nampumep, ObUIO NpaBHIBHOE IpEICKa3aHUE TaK
Ha3zbiBaemMoro  JIsMOoBckoro  caBura,  HeOOJBIIOTO
W3MCHCHHUS DHEPruu OJIHOTO W3 COCTOSHUU aToma
BOJIOpoJa, 0OHapyeHHoro B 1947 rony.

the values obtained by this method for the mass
and charge of the electron can be any finite
number. That has the advantage that physicists
may choose the negative infinities in a way that
gives the right answer, but the disadvantage that
the mass and charge of the electron therefore
cannot be predicted from the theory. But once we
have fixed the mass and charge of the electron in
this manner, we can employ QED to make many
other very precise predictions, which all agree
extremely closely with  observation, so
renormalization is one of the essential ingredients
of QED. An early triumph of QED, for example,
was the correct prediction of the so-called Lamb
shift, a small change in the energy of one of the
states of the hydrogen atom discovered in 1947.



Jduarpammsl @eiinmana. Pudapa @elinman BouI 3HAMEHUTBII
(yproH4uK, pa3pucoBaHHbII JUarpaMMaMu. DTa apTUCTUYHAS
JIEMOHCTpanus cieiaia AuarpaMMbl IHPOKO 00CYyKIaeMbIMH. XOTS
Ocitaman ymep B 1988, GpyproHunk Beé eme XpaHUTCS OKOJIO
Kanteka B FOxno# Kanmudpoprun.

Ycnex nepeHopmupoBkr B QED mooripser monbITKu
CO3/1aTh KBAaHTOBBIC TCOPHH ITOJISI, ONMUCHIBAIOIINE JAPYTHE
TPH CHJIBI pUpPOAbl. Ho enenne cui mpupo/isl Ha YeThIpe
KJlacca, BEPOSATHO, HCKYCCTBEHHO U SIBJISIETCS CIIEICTBUEM
HAIIETO HEJ0CTAaTOYHOrOo moHuUMaHus. [loatomy mroau
MBITAFOTCS

Feynman Diagrams Richard Feynman drove a famous van with Feynman
diagrems painted on it. This artist's depiction was made to show the
diagrams discussed above. Though Feynman died in 1988, the von is still
around—in storage near Caltech in Southern California.

The success of renormalization in QED
encouraged attempts to look for quantum field
theories describing the other three forces of
nature. But the division of natural forces into four
classes is probably artificial and a consequence of
our lack of understanding. People have therefore



pa3paboTaTh TEOPHUIO BCETO, YTO OOBEAMHHUT ATH YETHIPE
Kjacca B OJWH 3aKOH, COBMECTHMBIM C KBaHTOBOM
Teopueit. ITo ObUIO OBl CBSMIEHHBIM | paanem GU3UKH.

OnvH 3HaK TOrO, YTO OOBEIUHEHHE - IPABHIbHBIN
MOJXOJ, MOJy4eH u3 Teopun ciaboit cunbl. KBaHTOBas
TEOpHsI TOJIsI, OTMCHIBAIONIAs ClIadyI0 CUiTy caMy To cebe,
HE MOKET ObITh NEPEeHOPMHUPOBAHA; TO €CThb B HEHM ecTh
0ECKOHEUHOCTH, KOTOPHIE HE COKPAIIAIOTCS BBIYUTAHUEM
KOHEYHOTO psAJla BEJIWYUH, TAaKUX KaK Macca U 3aps.
Onmnako B 1967 rogy A6ayc Canam u Ctusen BeiinOGepr,
HE3aBUCHUMO JIpYT OT Jpyra, MNpPEeUIOKHIN TEOPHIO, B
KOTOpPOM 3JIEKTPOMAarHeTu3M ObL1 OOBbEIMHEH €O cllaboi
CWIOH, W OOHApYXWIH, 4YTO OOBEIMHEHHE YCTPaHSIIO
npokisTue  O0eckoHeuHocTed. OOBEAMHEHHYIO  CHUITY
HA3bIBAIOT  DJIGKTPOCHAOBbIM  B3auMOZEHCTBHEM. JTa
TeOpHsl Morjia OBITH NEPEeHOPMHUPOBAHA, W NpeAcKaszaia
TP HOBBIX YacTuilpl, HazBanHele W+, W- u Z°
JlokazarenbcTBO B monb3y Z° Obuto ooHapyxkeHo B CERN
B Xenese B 1973 romy. Canmam u BeiinGepr Oblin
HarpaxaeHbl Hobenesckoit mpemueit B 1979 roay, xors W
U Z 4acTHIIbl HETIOCPEACTBEHHO He Habmoaamuch 10 1983
roja.

CunbHoe B3auMoJieiicTBHe
EPEHOPMHPOBAHO CaMO

MOJKET OBITH

sought a theory of everything that will unify the
four classes into a single law that is compatible
with quantum theory. This would be the holy grail
of physics.

One indication that unification is the right
approach came from the theory of the weak force.
The quantum field theory describing the weak
force on its own cannot be renormalized; that is, it
has infinities that cannot be canceled by
subtracting a finite number of quantities such as
mass and charge. However, in 1967 Abdus Salam
and Steven Weinberg each independently
proposed a theory in which electromagnetism was
unified with the weak force, and found that the
unification cured the plague of infinities. The
unified force is called the electroweak force. Its
theory could be renormalized, and it predicted

three new particles called W™, W—, and Z°.

Evidence for the Z° was discovered at CERN in
Geneva in 1973. Salam and Weinberg were
awarded the Nobel Prize in 1979, although the W
and Z particles were not observed directly until
1983.

The strong force can be renormalized on its



no cebe B Teopun, HazBaHHOM QCD wunm kBaHTOBas
xpomonuHamuka. CormacHo QCD, mpoToH, HEHTpoOH, U
MHOTHE JIpyrHe DJJeMEHTapHble YacCTULbI MaTepuu
00pa30BaHbl U3 KBapKOB, Y KOTOPHIX €CTh 3aMEYaTeIbHOE
CBOMCTBO, KOTOpPOE (PU3MKH HA3BIBAIOT IIBETOM (OTCIOJA U
TEpMUH "XpOMOJIMHAMHKA", XOTs IIBE€TAa KBAapKa - JIHIIb
MOJIe3HbIE 0003HAYEHUS - HET HUKAKOW CBSI3U C BUJIUMBIM
nBeroM). KBapku moOMy4aroTcss TpeX TaK Ha3bIBAEMBIX
I[BETOB, KpacHble, 3elieHble U cuHue. Kpome Toro, y
KaXJIOTO KBapKa €CTh MapTHEP-aHTUYACTHIA, W IIBETa
9TUX YaCTHI[ Ha3bIBAIOT AHTUKPACHBIM, AHTH3EJICHBIM H
AQHTUCWHHUM. Ves B TOM, 4TO TOJBKO KOMOWHAIINU, & HE
YHUCTHIE I[BETa, MOTYT CYIIECTBOBAaTh B BHJE CBOOOJHBIX
gactui. CymecTByer aBa croco0a TOCTUTHYTH TaKUX
KOMOHMHAIMI KBapKOB CMENIAaHHOrO IBeTa. L[BeT u ero
AQHTHLBET COKpAIIalOT, TakuM o00pa3oM, KBapK U
AHTUKBAPK dbopMupyroT OecLBETHYIO napy,
HecTaOWJIbHYIO YacTUIly, Ha3BaHHYI0 Me30HOM. Kpome
TOr0, Korga Bce TpU IBeTa (WM  aHTHUIIBETA)
CMEIIMBAIOTCS, B PE3yJbTaTe HE IOJYy4YaeTCsl YUCTOrO
nBeta. Tpu KBapka, Mo OTHOMY KaXKJIOTO I[BeTa, 00pa3yroT
CTaOMIIbHBIC YACTHUIIBI, HA3BaHHBIC OapHOHAMH, TTPHUMEPHI
KOTOPBIX - MPOTOHBlI U HEUTPOHBI (a TpU aHTUKBApKa
oOpa3ytoT  aHTHyYacTHIbl  OapuoHoB). [IpoToHBl H
HEUTPOHBI ABISIOTCS OAPUOHAMH,

own in a theory called QCD, or quantum
chromodynamics. According to QCD, the proton,
the neutron, and many other elementary particles
of matter are made of quarks, which have a
remarkable property that physicists have come to
call color (hence the term “chromodynamics,”
although quark colors are just helpful
labels—there is no connection with visible color).
Quarks come in three so-called colors, red, green,
and blue. In addition, each quark has an
anti-particle partner, and the colors of those
particles are called anti-red, anti-green, and
anti-blue. The idea is that only combinations with
no net color can exist as free particles. There are
two ways to achieve such neutral quark
combinations. A color and its anti-color cancel, so
a quark and an anti-quark form a colorless pair, an
unstable particle called a meson. Also, when all
the three colors (or anti-colors) are mixed, the
result has no net color. Three quarks, one of each
color, form stable particles called baryvons, of
which protons and neutrons are examples (and
three anti-quarks form the anti-particles of the
baryons). Protons and neutrons are the baryons



KOTOpBIE COCTaBIIAIOT siipa aTOMOB U CIIYXaT OCHOBOM
BCEH HOPMAJILHOW MaTepuu Bo BeeneHHo.

Y QCD Takke ecTh CBOHCTBO, Ha3BaHHOC
ACUMITOTHYECKON CBOOOI0M, KOTOPOE MBI YIOMSIHYJIH, HE
Ha3piBas, B [uaBe 3. Acumnroruyeckas cBoOoja
O03HAYaeT, YTO CWJIbHBIE B3aUMOJAEWUCTBUA  MEXKAY
KBapKaMM MaJjibl, KOTJIa KBAPKU HAXOJATCS OJIU3KO APYT OT
Jpyra, HO yBEJIMYMBAIOTCS, €CIM OHM YAAJSIOTCS, ITOYTH
Kak ecid Obl K HHUM TPUCOCOUHWIA  PE3UHKH.
AcumnToTuuyeckas cBo0O/ia OOBICHSET, MOYEeMYy MbI HE
BUJIUM OTACIBHBIX KBAapKOB B TMPUPOJE U ObUIH
HECIIOCOOHBI CO3/1aTh MX B Jlaboparopuu. OpHaKo maxe
Opyd TOM, YTO MBI HE MOXEM HaOII0JaTh OTIEIbHBIX
KBapKOB, Mbl IPUHUMAEM MO/JI€Jb, IOTOMY YTO OHA OYEHb
XOpoII0 paboTaeT Mpu OObSICHEHUU TTOBECHHS IPOTOHOB,
HEUTPOHOB U APYTUX YaCTHUI] MaTEpPUH.

[Tocne oObenuHeHHs craaObIX M 3JIEKTPOMArHUTHBIX
B3aumozeiictBuii B 1970-pIXx ¢u3MKM HUCKanu crocod
BBECTU CWJIBHOE B3aUMOJAECUCTBHE B OTy TEOPHIO.
CymiecTByeT MHOXKECTBO TaK Ha3blBAEMBIX BEJIHMKHUX
oObenuHeHHbIX  Teopuil  wmim GUToB,  koTopble
O0BEAMHSIOT CUJIbHBIE B3aUMOJICHCTBUS CO CIAOBIMHU U C
9JIEKTPOMArHeTU3MOM, HO OHH TIJIaBHBIM  00pazom
MPEJICKAa3bIBAIOT, YTO IMPOTOHBI, BEIIECTBO, U3 KOTOPOTO
MBI CHIENaHbl, [JOJDKHBI pacnajarbcd B  CPEIHEM
npubnausutenbHo  uyepe3 10732 jmer. 3OT0  OYeHb
NPOJODKUTENBLHOE  BpPEMsI  KU3HU, YYMTHIBAsA, UTO
Bcenennon

that make up the nucleus of atoms and are the
basis for all normal matter in the universe.

QCD also has a property called asymptotic
freedom, which we referred to, without naming it,
in Chapter 3. Asymptotic freedom means that the
strong forces between quarks are small when the
quarks are close together but increase if they are
farther apart, rather as though they were joined by
rubber bands. Asymptotic freedom explains why
we don't see isolated quarks in nature and have
been unable to produce them in the laboratory.
Still, even though we cannot observe individual
quarks, we accept the model because it works so
well at explaining the behavior of protons,
neutrons, and other particles of matter.

After uniting the weak and electromagnetic
forces, physicists in the 1970s looked for a way to
bring the strong force into that theory. There are a
number of so-called grand unified theories or
GUTs that unify the strong forces with the weak
force and electromagnetism, but they mostly
predict that protons, the stuff that we are made of,

should decay, on average, after about 1032 years.
That is a very long lifetime, given that the universe



mumb okosio 10710 ner. Ho B kBaHTOBOHM (pu3mKe, Koraa
MBI TOBOPUM UYTO CpeJlHEE BpeMs KHU3HM dacTuipl 10732
JeT, Mbl HE MOJpa3yMeBaeM, 4TO OOJBIIMHCTBO YaCTHUIL
XKUBYT NpubnusutensHo 10732 ner, HEKOTOpble HEMHOTO
Oosble, a HEKOTOPble HEMHOI'0 MeHbIle. Bmecto 3T0ro
MBI MOJPa3yMEBAEM, YTO Ka)bIi I'OJ] y 4acTULbl €CcTh |
n3 10732 mancoB pacnactbcsi. B pesynbrare, eciu Boi
cilenuTe 3a pe3epByapom, coaepxaimum 10732 npoToHOB,
B TEYEHHUE BCEro JHIIb HECKOJbKUX JIeT, BBl JOKHBEI
HAOJMI0IaTh  HECKOJIBKO  IPOTOHHBIX pacnanoB. He
CIIMIIKOM  TPYAHO  IOCTPOUTb TakoH  pe3epByap,
nockoibKy 10732 MpOTOHOB CONEPIKUTCS BCETO JIUIIbL B
ThICAY€ TOHH BOAbL.  YYEHble IPOBEIM  TaKue
sKcriepuMeHThl. OKka3biBaeTcsi, 0OHApYyKEHUE pacnagioB U
muddepeHManus UX OT JAPYIMX COOBITUH, BBI3BAHHBIX
KOCMHUYECKHMH JIydaMH, KOTOpPbIE HETIPEPHIBHO JIBIOTCS Ha
Hac M3 KOCMOCa, SBJIAETCS HE CTOJb IPOCTBIM JAEIIOM.
Uto6sl MUHUMHU3HUPOBATH IyM, 9KCIIEPUMEHTHI
IPOBOJWINCH B MeCTax INIyOoKo moja 3emiei, TakuxX Kak
maxta kommanuii Kamioka Mining u Smelting B SIlnoxun
rnyounor 3 281 ¢yra, B HEKOTOPOH CTENeHU
3aIlMIIEHHAass OT KOCMHYECKHMX Jy4yed. B pesynbrare
HaOmonenuit B 2009 rony wuccienoBaTeNln 3aKJIIOYWIN,
YTO €CJIM MPOTOHHBIN pacnajl BOOOIE CYIIECTBYET, BpeMsI
KHU3HH [IPOTOHA OOJIBIIIE, UEM

is only about 10° years old. But in quantum
physics, when we say the average lifetime of a

particle is 103? years, we don’t mean that most

particles live approximately 1032 years, some a bit
more and some a bit less. Instead, what we mean

is that, each year, the particle has a 1 in 1032
chance of decaying. As a result, if you watch a tank

containing 1032 protons for just a few years, you
ought to see some of the protons decay. It is not

too hard to build such a tank, since 1032 protons
are contained in just a thousand tons of water.
Scientists have performed such experiments. It
turns out that detecting the decays and
differentiating them from other events caused by
the cosmic rays that continually shower us from
space is no easy matter. To minimize the noise,
the experiments are carried out deep inside places
such as the Kamioka Mining and Smelting
Company’s mine 3,281 feet under a mountain in
Japan, which is somewhat shielded from cosmic
rays. As a result of observations in 2009,
researchers have concluded that if protons decay
at all, the proton lifetime is greater than about



10734 neT, 9TO ABIISICTCS IUIOXOH HOBOCTBIO JIJIS BEIIMKHX
00BbEeTMHUTEIHHBIX TEOPHH.

Bbapuonbl 1 Me30Hbl. bapuoHbI U ME30HBI, KaK TOBOPST, CACIaHbl U3
KBapKOB, CBSI3aHHBIX CIJIBHBIM B3anMo/eiictBuem. Korna takue
YaCTHIIbI CTAIKUBAIOTCS, OHU MOTYT OOMEHHMBAThCsl KBApKaMH, HO
OTZAEJbHBIN KBAPK HE MOXKET OBITH HAOIIOAaEM.

Tak kak paHee HaOIIOJaEMOE CBHJIETENBCTBO TaKKe
Ob10 He crmocoOHo momnepkath GUTHI, OONBIIUHCTBO
(U3UKOB TPHUHSIO CIEUUATBHYI0 TEOPHUIO, Ha3BaHHYIO
CTaHJapPTHOU MOJIEJIBIO, KOTOpast BKJIFOYAeT
00BETMHUTETHHYIO TEOPUIO ANEKTPOCIA0BIX
B3aummopeiicteuii uw  QCD kak TEOpHIO  CHIIBHBIX
B3aUMOICUCTBUI.

1034 years, which is bad news for grand unified
theories.

Baryons and Mesons Baryons and mesons are said to be made of quarks
bound together by the strong force. When such particles collide, they can
exchange quarks, but individual quarks cannot be observed.

Since earlier observational evidence had also
failed to support GUTs, most physicists adopted
an ad hoc theory called the standard model, which
comprises the unified theory of the electroweak
forces and QCD as a theory of the strong forces.



Ho B crammapTHO#l Monenu 3JeKTpociadble M CHUIIbHBIC
B3aMMOJICUCTBUS JEUCTBYIOT OTJIEJIBHO U HAa CAMOM JIEJie
He  oObenuHeHbl.  CraHpapTHass  MOJAENb  OYCHb
a¢deKTHBHA U COTJacyeTcss CO BCEMHU HAONIOAaMBIMU Ha
CEerOJHAIIHUNA JIeHb CBHUJAETEIbCTBAMH, HO OHA, B
KOHEYHOM CYe€Te, HEYJOBJIIETBOPUTEIbHA, IOTOMY YTO
KpOME TOr0, YTO OHa HE OOBEIUHSET 3JIEKTpOCiadble U
CUJIbHBIE  B3aUMOJICUCTBHUS, OHA  HE  BKJIIOYAET
TPABUTALUIO.

MoskeT oka3aTbCsi TPYAHBIM OOBEAMHUTH CHIIbHBIC
B3aMMOJICHCTBHUSL C DIEKTPOMAarHUTHBIMU U  CJIa0BIMU
B3aUMOJICCTBUSIMUA, HO OTH TPOOJEMBI - HHUYTO TIO
CPaBHEHUIO C MPOOJIEMON CIMUSHUS TPABUTALUU C TpeMs
JPYrUMH WIA JaXKe CO3JaHus OTIEIbHOM KBaHTOBOU
Teopuu rpaBuTanuu. llpuumHa, Mo KOTOpOH OKa3anoch
HAaCTOJIKO TPYAHBIM CO3/1aTh KBAHTOBYIO  TEOPHIO
rpaBUTallMd, MMEET  OTHOUIEHHWE K  NPUHIUIY
HEOIIPEEIEHHOCTH I'eiizendepra, KOTOPBIN MBI
obcyxnanu B ['1aBe 4. DT0 HE OYEBUIHO, HO OKa3bIBaeTCH,
YTO C YYETOM ATOTO MPHUHIUIIA BEJTUYHHA TIOJISI U CKOPOCTh
€ro U3MEHEHUs UTParoT TAKYIO JK€ POJib, KaK MOJO0XKEHUE U
CKOpPOCTh 4YacTUIlbl. TakuM oO0pa3oM, YeM TOYHEE
OTpeeNIeH0 OJHO, TEeM MEHee TOYHO MOXKEeT ObITh
OIpeNeseHo Apyroe. BaxkHoe ciaeacTBue 3Toro B TOM, 4TO
HET TAaKOH BeIllM KaK MYyCTOTa. DTO MOTOMY YTO MYyCTOTa
03HAYaeT, YTO ¥ BEJIMYUHA MOJISI 1 CKOPOCTh €ro

But in the standard model, the electroweak and
strong forces act separately and are not truly
unified. The standard model is very successful and
agrees with all current observational evidence, but
it is ultimately unsatisfactory because, apart from
not unifying the electroweak and strong forces, it
does not include gravity.

It may have proved difficult to meld the strong
force with the electromagnetic and weak forces,
but those problems are nothing compared with the
problem of merging gravity with the other three,
or even of creating a stand-alone quantum theory
of gravity. The reason a quantum theory of gravity
has proven so hard to create has to do with the
Heisenberg uncertainty principle, which we
discussed in Chapter 4. It is not obvious, but it
turns out that with regard to that principle, the
value of a field and its rate of change play the same
role as the position and velocity of a particle. That
is, the more accurately one is determined, the less
accurately the other can be. An important
consequence of that is that there is no such thing
as empty space. That is because empty space
means that both the value of a field and its rate of



n3MeHeHus: cTtporo HyneBble. (Ecimm OB CKOpPOCTH
U3MCHEHHUs TOoisl Oblla HE HYJIEBOH, TO MECTO He
ocraBaioch ~ Obl  mycThbiM). Tak  Kak  NPHHIUI
HEOMNPEACIEHHOCTH HE TO3BOJIICT BEIUYHMHE IIOJIS H
CKOPOCTH W3MEHEHHS OBITh TOYHBIMH, KOCMOC BOBCE HE
OycT. Y HEro MOXeT OBITh COCTOSHHE MHHHMYyMa
SHEpPruM, Ha3BaHHOE BAKyyMOM, HO 0JTO COCTOSIHUE
MOJIBEP)KCHO TaK Ha3bIBAEMOMY KBAHTOBOMY JPOKAHUIO
Wi (QIyKTyanusM BaKyyma - YacTHIIBI U TOJS JPOKAT
TyJa-Cl0Jla OTHOCUTEIHHO CYIIECTBOBAHUSI.

“Iomewas kKopobOKy 8OKpye 8ce2o 3mo2o0, bOICh, Mbl He cO30aem
Teoputo Bcezo”

change are exactly zero. (If the field’s rate of
change were not zero, the space would not remain
empty.) Since the uncertainty principle does not
allow the values of both the field and the rate of
change to be exact, space is never empty. It can
have a state of minimum energy, called the
vacuum, but that state is subject to what are called
quantum jitters, or vacuum fluctuations—particles
and fields quivering in and out of existence.

"Putting a box arcund it, I'm afraid,
does not make it a unified theory.”



MoXHO mpeAcTaBUTh (QIYKTyallud BaKyyma Kak Hapy
YacTHLI, KOTOPbIE OJHOBPEMEHHO HOSIBJISIOTCS B KAKOW-TO
MOMEHT, pPacXOIiTCsA, a 3aTeM OOBEAMHSIOTCS H
AHHUTUIUPYIOT OPYr Apyra. BeIpakeHHBIE AuarpaMMamu
QeiiHMaHa, OHM NPEACTABISIOT COOOH  3aMKHYTBIE
KOHTYpBl. OTH YacTHLbl Ha3blBalOT BHUPTYaJIbHBIMU
yacTULlaMU. B oTiinume OT peanbHBIX, BUPTYaJIbHbIE
YacTUIbl HE MOIYT HaOJIIOAAThCA HENOCPEICTBEHHO
neTekTopoM dactuill. OIHAKO WX KOCBEHHBIE I(PQEKTHI,
TaKkue Kak HeOOJIbIINEe U3MEHEHUS! SHEPTrUM 3JIEKTPOHHBIX
opOHUT, MOTYT OBITh HM3MEPEHBl M COIJIACYIOTCSA C
TEOPETUYECKMMH IIPEICKA3aHUAMU O 3aMeyaTelbHOU
CTereHU TovHOCTH. [IpoGiemMa COCTOMT B TOM, YTO
BUPTYaJIbHbIE YAaCTHIbl MMEIOT JHEPTUI0, M IOCKOJIBKY
CYIIECTBYET OECKOHEUHOE YHCIIO BUPTYAJIbHBIX Map, y HUX
ObUI0 OBl OECKOHEYHOe KOJIM4ecTBO 3Hepruu. CoriacHo
oOmieil OTHOCUTENBHOCTH, OTO O3HAYaeT, YTO OHHU
UCKpUBUIIM Obl BeeneHHyro k 6eCKOHEUHO Maliblii pa3mep,
Yero 04eBUAHO HE MPOUCXOAUT!

OT0 NpOoKIATHE OECKOHEYHOCTHU MOX0XKE Ha MpoliIeMy,
KOTOpasi BO3HMKAaeT B TEOPUSAX CHIJIBHBIX, CIaObIX, H
JJIEKTPOMAarHUTHBIX ~ B3aUMOAEWUCTBHM,  KpOME  TeX
CIIy4acs, KOrzaa IIEPEHOPMHPOBKA YCTpPAHSIET
6eckoHeuHocTH. HO 3aMKHYTBIE KOHTYpHI B JMarpammax
Deitamana niis

One can think of the vacuum fluctuations as
pairs of particles that appear together at some
time, move apart, then come together and
annihilate each other. In terms of Feynman
diagrams, they correspond to closed loops. These
particles are called virtual particles. Unlike real
particles, virtual particles cannot be observed
directly with a particle detector. However, their
indirect effects, such as small changes in the
energy of electron orbits, can be measured, and
agree with theoretical predictions to a remarkable
degree of accuracy. The problem is that the virtual
particles have energy, and because there are an
infinite number of virtual pairs, they would have
an infinite amount of energy. According to general
relativity, this means that they would curve the
universe to an infinitely small size, which
obviously does not happen!

This plague of infinities is similar to the
problem that occurs in the theories of the strong,
weak, and electromagnetic forces, except in those
cases renormalization removes the infinities. But
the closed loops in the Feynman diagrams for



IPaBUTALIUU CO3JIAl0T OECKOHEYHOCTH, KOTOPbIE HE MOTYT
OBITh COKpAIlEHbl II€PEHOPMUPOBKOH, I[OTOMY 4YTO B
oOriei OTHOCUTEIIBHOCTH HEI0CTaTOYHO
NEPEHOPMUPYEMBIX NAapaMeTpoB (TakuX KaK BEJIMYMHA
Macchl M 3apsia), 4ToObl YCTPaHUTh BCE KBAaHTOBBIE
OECKOHEYHOCTH W3 TEOpUH. MBI IO3TOMY OCTaeMcs C
Teopuen rpaBUTALINY, IpeCKa3bIBAOLIEH, 4TO
ONpE/CICHHbIE BEIUYMHBI, TaKUE KaK HCKPUBJICHHE
IIPOCTPAHCTBA-BPEMEHH, OECKOHEYHBI, YTO HE CIIYyKUT
XOpOLIUM IyTE€M, BEAYIIUM K MPUTOJHOW Ui JKU3HU
Bcenennoit.  9To0  03HayaeT, uYTO  €IMHCTBEHHAs
BO3MOXXHOCTh TIOJIYYEHHUS Pa3yMHOH Teopuu ObUIO OBl
KaK-HUOY/lb COKpaTUTh Bce OECKOHEYHOCTH, He mpuderas
K [IEPEHOPMHUPOBKE.

B 1976 romy BO3MOXHOE€ pelIeHHe 3TOi MpoOIEMbI
Obl10 HaljgeHo. Ero HaspiBalOT —cyneprpaBUTalUei.
[Ipucraska "cynep" nob6aBisiack HEe IOTOMY, YTO (PU3UKU
qymManu, 4Tto ObLIo "cymep', 4To 3Ta Teopusi KBaHTOBOU
IpaBUTAllUd MOIJIa Ha caMoM Jene pabotat. Bmecto
storo "cymep" MMeeT B BUIY CBOEro poja CUMMETPHIO,

KOTOpOU obnamaer Teopus, Ha3BaHHYIO
CyNIEpCUMMETPUEHN.
B  ¢usuke cucrema, Kak TOBOpAT, oOlagaer

CUMMETpUEH, €CIM €€ CBOMCTBAa HE 3aBUCAT OT
OTIpeIeIeHHBIX MpeoOpa3oBaHuil, TAKUX KaK BpallleHUE ee
B IPOCTPAHCTBE WM TMOJYYEHHE €€ 3epKaJbHOro
oroOpaxkenus. Hampumep, ecaun Bbl mepeBopaunBaere
IIOHYHMK, OH BBITJIAAUT B TOYHOCTH OAMHAKOBO (CCJ'II/I OH
oe3

gravity produce infinities that cannot be absorbed
by renormalization because in general relativity
there are not enough renormalizable parameters
(such as the values of mass and charge) to remove
all the quantum infinities from the theory. We are
therefore left with a theory of gravity that predicts
that certain quantities, such as the curvature of
space-time, are infinite, which is no way to run a
habitable universe. That means the only
possibility of obtaining a sensible theory would be
for all the infinities to somehow cancel, without
resorting to renormalization.

In 1976 a possible solution to that problem was
found. It is called supergravity. The prefix “super”
was not appended because physicists thought it
was “super” that this theory of quantum gravity
might actually work. Instead, “super” refers to a
kind of symmetry the theory possesses, called
supersymmetry.

In physics a system is said to have a symmetry
if its properties are unaffected by a certain
transformation such as rotating it in space or
taking its mirror image. For example, if you flip a
donut over, it looks exactly the same (unless it has



HIOKOJIaIHOM MOCHIIKH, B 3TOM Ciy4ae Jydllle ero MpocTo
checTh). Cynepcummerpusi - 0Oojee TOHKUUA  BHJ
CUMMETpUH, KOTOpass HE MOXeT ObITh CBs3aHA C
npeoOpa3oBaHUEM OOBIYHOTO TpocTpancTBa. OnHO U3
BaXHBIX 3HAYEHUI CYNIEPCUMMETPHUH - YTO YaCTHUI[bI CUIIBI
U YaCTHUIbl MATePUH, a CJICIOBATEIBHO CHJIA M MaTepHs,
NEHCTBUTENBHO JIMIIL J[BA acClleKTa OJHOTO0 M TOTO K€
SBJICHUS. B CyIIHOCTH, 3TO O3HAYaeT, 4TO y KakIOh
YacTHUILIBI MaTepUM, TaKOW KaK KBapK, JOJKHA OBITh
YacTHIIA-TIAPTHEP, SBISIOMIASCS YACTHIICH CHJIBI, U Yy
Ka)KIOW YacTUIIBI CHJIbI, TAKOW Kak (DOTOH, MOJKHA OBIThH
YyacTUIla-NIapTHEP, SBISAIONIASACA YacTHLEH Marepuu. Y
9TOM TEOPHH €CTh MOTEHIIMAJ, YTOOBl PEHIUTh MPOOIEeMy
OCCKOHEYHOCTEH, IMOTOMY 4YTO  OKa3bIBae€TCSA, UTO
OECKOHEYHOCTH OT 3aMKHYTBIX KOHTYPOB YaCTHIl CHIIBI
MOJIOKUTEIBHBI, B TO BpeMsi KaKk OECKOHEYHOCTH OT
3aMKHYTBIX KOHTYpPOB YaCTHI[ MAaTE€pPHH OTpPULIATENbHBI,
TakUM O00pa3oM, OECKOHEUYHOCTM B JTOH TEOpHH,
OOyCIIOBJICHHBIE YaCTUI[AMH CHJIBI M HMX MapTHEpPaMH,
YaCTHIIAMHA MaTepUH, UMEIOT CBOWCTBO COKpamathcs. K
COKaJICHUIO, BBIYHCIEHUS, HEOOXOAUMbIE YTOOBI y3HATH,
ObUTH 1T OBl Kakue-HUOYy/Ib OECKOHEYHOCTH, OCTaBIIAECS
HECOKpAIIeHHBIMU B CyNeprpaBUTallid, ObUIM TaKUMH
JUTMHHBIMH M CJIOXHBIMU, ¥ UMEJTH TaKOW MOTEHITUAN JUIS
OIIMOKM, YTO HUKTO HE OBUT TOTOB 3a HHUX OparhCsl.
BonpmmHCTBO

a chocolate topping, in which case it is better just
to eat it). Supersymmetry is a more subtle kind of
symmetry that cannot be associated with a
transformation of ordinary space. One of the
important implications of supersymmetry is that
force particles and matter particles, and hence
force and matter, are really just two facets of the
same thing. Practically speaking, that means that
each matter particle, such as a quark, ought to
have a partner particle that is a force particle, and
each force particle, such as the photon, ought to
have a partner particle that is a matter particle.
This has the potential to solve the problem of
infinities because it turns out that the infinities
from closed loops of force particles are positive
while the infinities from closed loops of matter
particles are negative, so the infinities in the
theory arising from the force particles and their
partner matter particles tend to cancel out.
Unfortunately, the calculations required to find
out whether there would be any infinities left
uncanceled in supergravity were so long and
difficult and had such potential for error that no
one was prepared to undertake them. Most



(GU3UKOB, TEM HE MEHEE, [0JIarauo, 4YTo CyneprpaBUTaIMs
Obula, BEpOSTHO, IMPAaBUIBHBIM OTBETOM Ha MpolieMy
00BbEeIMHEHNS TPAaBUTALIUY C JPYTUMH CUIIAMHU.

Ber mMornm Obl  moOgyMaTh, YTO CIPABEAJIHBOCTh
CylepCUMMETpUM OyleT JIErKO IpPOBEPUTH - IIPOCTO
UCCIIEAYHTE CBOMCTBA CYIIECTBYIOIIMUX YaCTULl U YBUJIUTE,
paszesnstoTcs M OHM Ha napbl. Hukakue Takue yacTuIbl-
napTHepsl He HaOmonanuck. Ho pa3inuuHble BbIYMCICHUS,
KOTOPbIE BBINOJIHUIN (PU3MKH, YKa3bIBAIOT, YTO YACTHIIbI-
HapTHEPBl, COOTBETCTBYIOLIME YaCTULAM, KOTOpBIE Mbl
HaOMOlaeM, JOJDKHBI OBITH B ThICAYY pa3 Oonee
MacCHUBHBIMH, Y€M IIPOTOH, €clu He eme Oonee
TsoKeIbIMU. OHHU CIIMIIKOM TSDKENbIE JUIsl TAaKUX YacTHl,
9TOObI OBITH 3aMEUYEHHBIMH B JIIOOBIX JKCIIEPHMEHTAX,
IPOBOJUBIIMXCS /0 HACTOSILEr0 BPEMEHH, HO ecCTb
HaJEXK/a, YTO TaKUE YacTULbl OyAYyT, B KOHEYHOM CYETE,
co3zaansl B bonemom Anponnom Kosutaiinepe B XKenese.

Wnes cynepcuMmMerpuu OblUla KIIOYOM K CO3/IaHHUIO
CyleprpaBUTallud, HO MOHATHE (HAKTUYECKH BO3HMKIIO
HECKOJIbKUMH TOJaMU paHee y TEOPETHKOB, M3y4YarolIuX
HEOIEPUBLIYIOCS TEOPHIO, HAa3BaHHYIO TEOpHeH CTpYH.
CornacHO TEOpHHM CTPYH, YacTHLBI - 3TO HE TOYKH, a
naTTepHbl KoJeOaHWH, y KOTOpBIX €CTh JAJMHA, HO HET
BBICOTHI WJIM HIMPUHBI - TOJO0HO OECKOHEYHO TOHKUM
ctpyHam. Teopum  CTpyH Takke  HOpPUBOAAT K
OECKOHEYHOCTSAM, HO

physicists believed, nonetheless, that supergravity
was probably the right answer to the problem of
unifying gravity with the other forces.

You might think that the validity of supersym-
metry would be an easy thing to check—just
examine the properties of the existing particles
and see if they pair up. No such partner particles
have been observed. But various calculations that
physicists have performed indicate that the
partner particles corresponding to the particles we
observe ought to be a thousand times as massive
as a proton, if not even heavier. That is too heavy
for such particles to have been seen in any
experiments to date, but there is hope that such
particles will eventually be created in the Large
Hadron Collider in Geneva.

The idea of supersymmetry was the key to the
creation of supergravity, but the concept had
actually originated years earlier with theorists
studying a fledgling theory called string theory.
According to string theory, particles are not points,
but patterns of vibration that have length but no
height or width—like infinitely thin pieces of
string. String theories also lead to infinities, but it



MOJIaraloT, YTO B TMpPaBWIbHONM BEpPCHM BCE OHHU
COKpAaTATCA. Y HUX €CTh JApyrasi HeoOObIYHAsE 0COOCHHOCTD.
OHU HeNpOTUBOPEUMBHI, TOJIBKO €CJIH MPOCTPAHCTBO-
BPEMCHSI HMMEET JACCSITh H3MEPEHUH BMECTO OOBIYHBIX
yetbipex. JlecaTb wu3MepeHuii Mok Obl  Ka3aTbes
3aXBaThIBAIONIMMK, HO OHHM BBI3BAIM OBl peallbHbIC
npoOiemMbl, eciau Obl Bbl 3a0bLu, Te OCTaBWIM CBOU
aBTOMOOWIb. EciaM OHM CyIIECTBYIOT, MOYEMY MBI HE
3aMeyaeM 3TU JuiIHue u3Mepenusi? CoriacHo TEopHH
CTPYH, OHU CKPYYCHBI B IPOCTPAHCTBO OYCHD HEOOJBIIOTO
pasmepa. UrToObl wH300pa3uTh 3TO, NpPEICTaBbTE cebe
JBYMEpHBIM  camosieT.  Mpl  Ha3blBaeéM  CaMOJIET
JIBYMEPHBIM, MTOTOMY YTO HY)KHO JIBa 4yucia (Hampumep,
TOPU30HTANIbHAS M BEPTUKAIbHAS KOOPIWHATHI), YTOOBI
OTpEACTUTh MECTOIOJIOKEHHUE JI000H TOYKM Ha HEM.
llpyroe aByMepHOE TMPOCTPAHCTBO - TOBEPXHOCTH
CONIOMHHKHU. YTOOBI ONpeNeInuTh MECTOMOIOKEHNE TOUKH
B OTOM IMPOCTPAHCTBE, HY)XKHO 3HATh, TJIE€ TOYKA BJIOJIb
COJIOMHHKH, a TaK)Ke KaKkoBa ee Kpyrosasi koopauHara. Ho
eclii ObI COJIOMUHKA OblIa OYeHb TOHKOM, BBl OBI OTIIMUHO
NpUOIU3UTENEHO YCTAHOBWIIM PACIIONIOKEHUE, UCTIONb3Ys
TOJILKO KOOPJHMHATY, TPOXOISIIYI0 BJOJH COJIOMHHKH,
nodtoMy Bbl Mormu Obl HE YyUYUTBIBAaTH KpPYroBOE
u3Mmepenne. M ecam Obl comoMmuHKa Obuta "OJHOM
MUJUTMOH-  -MWJUTHOH-MHIJUTHOH-MUJUTHOH-MUJUTHOHHOK "
JoiiMa B 1uameTpe, To Bl He 3ameTnin Ob1 KpyroBOro

is believed that in the right version they will all
cancel out. They have another unusual feature:
They are consistent only if space-time has ten
dimensions, instead of the usual four. Ten
dimensions might sound exciting, but they would
cause real problems if you forgot where you
parked your car. If they are present, why don’t we
notice these extra dimensions? According to string
theory, they are curved up into a space of very
small size. To picture this, imagine a two-
dimensional plane. We call the plane two-
dimensional because you need two numbers (for
instance, horizontal and vertical coordinates) to
locate any point on it. Another two-dimensional
space is the surface of a straw. To locate a point on
that space, you need to know where along the
straw’s length the point is, and also where along its
circular dimension. But if the straw is very thin,
you would get a very good approximate position
employing only the coordinate that runs along the
straw’s length, so you might ignore the circular
dimension. And if the straw were a million-
million-million-million-millionth of an inch in
diameter, you wouldn't notice the circular



HU3MEpeHHs BooOIIe. JTO - KapTUHA, OJarojaapsi KOTOPOu
TEOPETUKU CTPYH MUMEIOT JOIOJIHUTEIbHbIE U3MEPEHUS —
OHM CHJIBHO M30THYTBl WJIM 3aKpydeHbl, B MacuiTade
HACTOJbKO MaJ€HbKOM, YTO Mbl UX HE BUIAUM. B Teopuu
CTPYH [IOIOJHUTEIbHbIE U3MEPEHUS CBEPHYTHI B TO, YTO
Ha3bIBAIOT BHYTPEHHUM IIPOCTPAHCTBOM, B
IIPOTUBOINOJIOXKHOCTE  TPEXMEPHOMY  IPOCTPAHCTBY,
KOTOpPO€ MBbl M3BEIbIBAEM B IOBCEIHEBHOW KM3HU. Kak
MBI YBHJIUM, 3T BHYTPEHHHE COCTOSHMS - HE IPOCTO
CKpBITbIE, CMSTBIE U3MEPEHUS — Y HHUX €CThb Ba)XKHOE
¢bu3nueckoe 3HaYECHHUE.

B nononHeHune Kk BOIpoCy 00 H3MEpPEHHsSIX, TEOPHs
CTpyH IIOCTpajaja OT JApYyrod Hejlenod mnpoOIeMsbl.
Kaszanoce, Obulo mo kpaiiHell Mepe MSITh pa3IuYHbIX
TEOPUH U MHUIMOHBI CIIOCOOOB, KOTOPBIMH MOIJIM OBITh
CBEpPHYTHl JOINOJIHUTEIbHBIE M3MEPEHHUS, YTO OBLIO
HACTOALIEH TOMEXOH Ul IEPCIEKTUB TEX, KTO OTCTauBall,
YTO TEOpus CTPYH OblJa YHUKaJIbHON TeOopHeH Bcero.
3arem, npubnusutensHo B 1994 roamy, noau Havaiu
oOHapyXHUBaTh IyaJbHOCTH — 4YTO pa3IMYHbIE TEOPUU
CTPYH M pa3In4yHble COCOOBI CBEPHYTH JAONOIHUTEIbHbIE
U3MEPEHUS SIBISIIOTCSL MPOCTO Pa3IMYHBIMU CHOCOOaMU
ONMCATh OJHU U TE K€ SIBJICHUS B YETHIPEX U3MEPEHUSX.
Kpome Ttoro, onum oOHapyXuiiu, 4TO CyHEeprpaBUTALIUS
TaKXe CBsA3aHa TAKMM CIIOCOOOM C IpYTMMHU TEOPUSIMHU.

dimension at all. That is the picture string
theorists have of the extra dimensions—they are
highly curved, or curled, on a scale so small that
we don’t see them. In string theory the extra
dimensions are curled up into what is called the
internal space, as opposed to the three-
dimensional space that we experience in everyday
life. As we’ll see, these internal states are not just
hidden dimensions swept under the rug—they
have important physical significance.

In addition to the question of dimensions,
string theory suffered from another awlkward
issue: There appeared to be at least five different
theories and millions of ways the extra dimensions
could be curled up, which was quite an
embarrassment of possibilities for those
advocating that string theory was the unique
theory of everything. Then, around 1994, people
started to discover dualities—that different string
theories, and different ways of curling up the extra

dimensions, are simply different ways of
describing the same phenomena in four
dimensions. Moreover, they found that

supergravity is also related to the other theories in



Teopetuku cTpyH Temepb yOeXAEHbI, UYTO TMSTh
pPa3JIMYHBIX TEOPUH CTPYH M CYyNEprpaBUTALUs - TOJBKO
pasnuyHbie MPUONMMKEHHs K Oojiee (yHIaAMEHTAIBHOM
TEOPUH, KaXK/1asl CIIPABEIJIMBA B PA3JIMYHBIX CUTYAIUIX.

Oty 6onee pyHAAMEHTAIBHYIO TEOPUIO Ha3bIBalOT M-
TEOpHEN, KaK Mbl yIIOMHUHaIU paHee. Hukro, moxoxe, He
3HaeT, 4To o3HaydaeT "M": MokeT ObITh "MaTepuHCKas',
"marumyeckas" wiu "muctudeckas'. [loxoxe, Bce Tpwm.
JIronu Bce emie mbpITaroTCs pasrajarb npupony M-teopum,
HO, MOXET OBITh, 3TO HEBO3MOXHO. MOKET CTaThCsl, YTO
TPaIMLIMOHHOE  OXHJaHWe (PU3UKOB  EIUHCTBEHHOM
TEOpUU TPUPOAB HEOOOCHOBAHHO, W CJIMHCTBEHHOMN
(GOpMYITUPOBKH HE CYIIECTBYET. BBITh MOXKET, 4YTOOBI
onucaTh Bcenennyro, HaM npUAETCS B pa3HbIX CUTYaIMIX
MPUMEHSATh PA3JIUYHbIE TEOPUHU. Y KaXKIOU TEOPUU MOXKET
OBITH CBOSI COOCTBEHHAsl BEpCHUs JCUCTBUTEIHHOCTH, HO,
COTJIaCHO MOJIEIbHO-OPUEHTUPOBAHHOMY pEAU3My, 3TO
MPUEMJIEMO, TIOCKOJBKY TEOPUM COTJIACYIOTCS B CBOMX
MpEACKa3aHUsAX BCAKMM pa3, KOIJJa OHM YacTHYHO
COBMAJAIOT, TO €CTh BCAKUN pa3, KOTJa OHU MOTYT 00e
OBITH TPUMEHEHBI.

Bre 3aBucuMocTH OT TOro, cymecrsyer ju M-teopus
Kak eauHas QopMmyna HIM TPEACTaBisieT coO0O0 IUIIb
CHUCTEMYy, MBI 3Ha€M O HEKOTOpHIX €€ cBoiicTBax. Bo-
nepBbIX, B M-Teopun OAMHHAALATH

this way. String theorists are now convinced that
the five different string theories and supergravity
are just different approximations to a more
fundamental theory, each wvalid in different
situations.

That more fundamental theory is called
M-theory, as we mentioned earlier. No one seems
to know what the “M” stands for, but it may be
“master,” “miracle,” or “mystery.” It seems to be all
three. People are still trying to decipher the nature
of M-theory, but that may not be possible. It could
be that the physicist’s traditional expectation of a
single theory of nature is untenable, and there
exists no single formulation. It might be that to
describe the universe, we have to employ different
theories in different situations. Each theory may
have its own version of reality, but according to
model-dependent realism, that is acceptable so
long as the theories agree in their predictions
whenever they overlap, that is, whenever they can
both be applied.

Whether M-theory exists as a single
formulation or only as a network, we do know
some of its properties. First, M-theory has eleven



MPOCTPAHCTBEHHO-BPEMEHHBIX  U3MEPEHMH,  BMECTO
necsaTh. TeopeTWKW CTPyH JaBHO IOJ03PEBAIH, YTO
npelcKa3aHue O  JECATH  U3MEpPEHUsX  MNpuaeTcs
MOJIKOPPEKTHPOBATh U HEJAABHUE MCCIIEAOBAHMUS MTOKA3aIIH,
YTO JEUCTBUTENBHO - OJJHO U3MEPEHHE ObUIO MPOIYIIEHO.
Taxke, B M-teopun MOryr OBITb HE  TOJBKO
BUOpUpYIOIIME CTPYHBI, HO e€mE U TOYKHU-YACTHIIbI,
JIBYMEpPHBbIE MEMOpPaHbI, TPEXMEPHBbIC MYy3BIPH U JIPYTHE
00BEKTHI, 00JIee CII0KHBIE B U300PKCHUH M 3aHUMAIOIIIHNE
Make OOJbIIe W3MEPEHUH TMPOCTPAHCTBA, BIUIOTH [0
neBsaTu. Takue OOBEKThl HA3bIBAIOT P-OpaHamu (rae P
uzmensiercs ot 0 10 9).

Conomku u JIunun. CosoMka sIBISE€TCS ABYMEPHOM, HO eciu e
JIMaMeTp MaJl, WM Mbl CMOTPUM Ha He€ U3/1ajieKa, OHa KaXeTcst
OJIHOMEPHOM, KaK JIMHHUSA.

space-time dimensions, not ten. String theorists
had long suspected that the prediction of ten
dimensions might have to be adjusted, and recent
work showed that one dimension had indeed been
overlooked. Also, M-theory can contain not just
vibrating strings but also point particles,
two-dimensional membranes, three-dimensional
blobs, and other objects that are more difficult to
picture and occupy even more dimensions of
space, up to nine. These objects are called
p-branes (where p runs from zero to nine).

Straws and Lines A straw is two-dimensional, but if its diemeter is small
enough—or if it is viewed from a distance—it appears to be one-
dimensional, like a line.



A 4YTO Ha CYeT TUTraHTCKOro KOJMYeCcTBa IyTel
CBEpTHIBaHUS KpOIICYHBIX H3MepeHuil? B M-teopun
TaKkue JONOJHUTENbHBIE HW3MEPEHHUS HE MOTYT OBITh
CBEPHYTHI KaK yrogHo. MaremaTndeckuil anmnapar TeOpUH
OTPaHUYMBACT  CIOCOOBI, KOTOPHIMH  MOTYT  OBITbH
CBEPHYTBl M3MEPEHMsI BHYTPEHHErO  IIPOCTPaHCTBA.
Konkpernas ¢opma BHYTpEeHHUX H3MEPEHHUI OIpenenseT
U 3Ha4YeHUs (PU3MUYECKUX KOHCTAHT, TaKUX Kak 3apsj
NIEKTPOHA, W  MPUPOLY  B3aUMOJICUCTBUH  MEXAY
JJIEMEHTAapHBIMU 4YacTuuamu. /[pyrumu cioBamMu - OHa
omnpenenseT JIEUCTBUTENBHBIE 3aKOHBI NPUPOABL. MbI
roBOopuM '"AeiCTBUTEIbHBIE" MOTOMY, YTO MBI UMEEM B
BUJY 3aKOHbI, KOTOpble Mbl HaOJIOJaeM B Hallen
BcenenHoli - 3aKOHBI YETBIPEX CHJI U MIAPAMETPOB, TAKUX
KaK Macca M 3apsj, XapaKTepU3YIOIIHUX 3JE€MEHTapHbIE
yactuipl. Ho Oonee GpyHaaMeHTanbHbIe 3aKOHBI - 3aKOHBI
M-teopun.

3akoHbl M-TEOpUHM IO3TOMY YUYUTBIBAIOT DPA3JIMUYHBIC
BCEJICHHBIE C Pa3JIMYHbIMM HaOJI0Ia€MbIMHM 3aKOHAMHM, B
3aBUCUMOCTM OT TOrO, Kak 3aKpydye€HO BHYTpPEHHEE
MPOCTPAaHCTBO. Y M-Teopun €cCTh pelIeHHs, KOTOpPbIE
YUUTBIBAIOT MHOTHE pa3InyYHbIC BHYTPEHHHE
MPOCTPAHCTBA, BO3MOXKHO, 1enbx 107500, yTo 03HaAYaeT,
yT0 oHa aomnyckaet 107500 pa3znuuHbIx

What about the enormous number of ways to
curl up the tiny dimensions? In M-theory those
extra space dimensions cannot be curled up in just
any way. The mathematics of the theory restricts
the manner in which the dimensions of the
internal space can be curled. The exact shape of
the internal space determines both the values of
physical constants, such as the charge of the
electron, and the nature of the interactions
between elementary particles. In other words, it
determines the apparent laws of nature. We say
“apparent” because we mean the laws that we
observe in our universe—the laws of the four
forces, and the parameters such as mass and
charge that characterize the elementary particles.
But the more fundamental laws are those of
M-theory.

The laws of M-theory therefore allow for
different universes with different apparent laws,
depending on how the internal space is curled.
M-theory has solutions that allow for many
different internal spaces, perhaps as many as

10299, which means it allows for 10°°° different



BCEIICHHBIX, KaXIYID CO CBOMMH COOCTBCHHBIMH
3akoHaMH. YTOOBI TIOHATH, HACKOJIBKO JTO MHOTO,
noaymMaiite BOT 0 yeM. Eciim ObI HEKOe CYIIeCTBO MOTIIO
AHAIM3MPOBATh 3aKOHBI, MPEICKA3aHHBIC IS KKIOW U3
TEX BCEJICHHBIX, BCETrO JIMIIb 32 OJHY MHJUIUCEKYHIY, U
Havajmo Obl paboTaTh Hajg HUMH Bclea 3a boibmmm
B3peiBoM, B Hacrosimee BpeMs  3TO  CYIIECTBO
paccmorpeno Obl smmmb 10720 w3 wHux. U 310 063
MepephIBOB Ha Ko(e.

Cronetusimu  panee, HploTOH  gokazan,  4TO
MaTE€MaTUYeCKHe  YpaBHEHUS  MOTYT  IMPEJOCTaBUTH
MOPA3UTENIbHO TOYHBIE ONWCAHUS  B3aWMOJICUCTBUU

00BEKTOB, KaK Ha 3emJiie, Tak U B HeOe. YUEHBIX MPUBEIH
K Bepe B TO, 4yTo Oyayiee Bceld BeenmeHHoM oTKpoeTcst ux
B30pY, JIMIIb TOJBKO Mbl y3HA€M IMPABUIIBHYIO TEOPUIO U
OyIeM HMMETh JOCTaTOYHO KOMITBIOTEPHBIX MOIIIHOCTEH.
[Torom MpUIILIa KBaHTOBAas HEONPEeNeNEHHOCTb,
WUCKPUBJIIEHHOE TMPOCTPAHCTBO, KBapKHh, CTPYHBI C
JUIIHAMH ~ U3MEPEHHsIMH, W  OO0Ilee  KOJIHYECTBO
BCCICHHBIX M3 HuX - 107500, xaxknpasd coO CBOUMH
3aKOHAaMU W JIMIIb OJHA W3 KOTOPBIX COOTHOCUTCS CO
Bcenennoii, kortopas wusBecTHa HaMm. OT HCKOHHOM
HAASKIbl (U3UKOB - BBIPAOOTaTh EIUHYID TEOPHUIO,
OOBSCHSIONIYI0  JEHCTBUTENBHBIE  3aKOHBI  HaIlen
BcenenHoll kak yHUKalbHYIO BEPOATHOCTb MOCIEICTBUS
HECKOJBKMX TMPOCTHIX JOMYIICHUH - CIEAYeT OTKa3aThCs.
Uro xe 310 Ham gaét? Ecnu M-teopus nonyckaer 107500
Pa3IUYHBIX CITy4YaeB JeHCTBUTEIbHBIX

universes, each with its own laws. To get an idea
how many that is, think about this: If some being
could analyze the laws predicted for each of those
universes in just one millisecond and had started
working on it at the big bang, at present that being

would have studied just 102° of them. And that’s
without coffee breaks.

Centuries ago Newton showed that mathemati-
cal equations could provide a startlingly accurate
description of the way objects interact, both on
earth and in the heavens. Scientists were led to
believe that the future of the entire universe could
be laid out if only we knew the proper theory and
had enough computing power. Then came
quantum uncertainty, curved space, quarks,
strings, and extra dimensions, and the net result

of their labor is 102°C universes, each with
different laws, only one of which corresponds to
the universe as we know it. The original hope of
physicists to produce a single theory explaining
the apparent laws of our universe as the unique
possible consequence of a few simple assumptions
may have to be abandoned. Where does that leave

us? If M-theory allows for 10299 sets of apparent



3aKOHOB, KakK JKe Mbl OKa3aliCh MMCHHO B OTOH laws, how did we end up in this universe, with the

Bcenennoii, ¢ 3akoHaMu AEWCTBUTENLHBIMH JuIg Hac? U laws that are apparent to us? And what about
KaK Hac4€T TeX, APYTUX BO3MOXKHBIX MHUPOB? those other possible worlds?



00000 0©0©00GC






O ©O © O © ©

BbIBMPAS HALITY BCEJIEHHVYIO CHOOSING OUR UNIVERSE



COFHACHO BEPOBAHUAM  BAIIOHI'O,

mwiemeHn u3 lleHTpanpHOW Adpuku, BHavdaie ObLIa
TOJIbKO ThMa, BojJa, W Benukui bor Bymba. OmHaxxb
bym0y, Mydaromierocs ot >KeIyJOYHBIX KOJUK, CTOIIHUIIO
Connuem. Cnycts kakoe-To BpeMs CoJiHLIE HCHApUIIO
4acTh BOJbI, oOpazoBaB 3emito. Ho 6oiap BymObl He
IIpeKpaIaiach, a ¢ Hel U TomHoTa. E€ pe3ynpraTom crana
Jlyna, 3BE3bI U 3aTe€M HEKOTOPHIC KUBOTHBIE: JIEOMap/,
KPOKOJIWJI, 4eperaxa M, HaKOHEl, 4eloBeK. Muaenubl
Mmaiis, HacensBiue Mekcuky u LleHTpanbHy0 AMepuky
IIOX0’KE€ OIHKCHIBAIOT BpeMs O TBOPEHMs, KoOrja
CYIIECTBOBAIIM JIUIIL Mope, He6o u TBopel. B nerengax
Mmaiis TBopen, Oyay4uu HeCUacTIUB OT TOTO, YTO €r0 HUKTO
HE CJIaBHJI, co3/all 3eMITI0, FOpPbI, IePEBbs U OOJIBITMHCTBO
XKUBOTHBIX. OJJTHAKO KUBOTHBIE HE MOIJIM TOBOPUTH, U OH
pemnn co3aars Jonaei. [lonadany oH crenan ux u3 rpsasu
Y 3€MJIM, HO OHU OBUIN CIIOCOOHBI JIMIIb HEeCTH B3110p. OH
Jall UM HCYE3HYTb M MOINpOOOBal CHOBAa, B 3TOT pa3
BbIpe3aB Jtoned u3 nepeBa. Hy u TyneiMu ke OHHM
okazaynuchk. OH peuInsl yHUYTOXXKUTh UX, HO OHU cOeXasu B
Jec, TpeTepreB Ha 3TOM IyTH TpaBMbl, CJerKa
M3MEHHUBIINE MX, CO3/1aB TO, YTO HAM CErOJHS M3BECTHO
KaK

ACCORDING TO THE BOSHONGO PEOPLE
of central Africa, in the beginning there was only
darkness, water, and the great god Bumba. One
day Bumba, in pain from a stomachache, vomited
up the sun. In time the sun dried up some of the
water, leaving land. But Bumba was still in pain,
and vomited some more. Up came the moon, the
stars, and then some animals: the leopard, the
crocodile, the turtle, and finally man. The Mayans
of Mexico and Central America tell of a similar
time before creation when all that existed were the
sea, the sky, and the Maker. In the Mayan legend
the Maker, unhappy because there was no one to
praise him, created the earth, mountains, trees,
and most animals. But the animals could not
speak, and so he decided to create humans. First
he made them of mud and earth, but they only
spoke nonsense. He let them dissolve away and
tried again, this time fashioning people from
wood. Those people were dull. He decided to
destroy them, but they escaped into the forest,
sustaining damage along the way that altered
them slightly, creating what we today know as



0o6e3psabl. [locne »Toro mpoBasia TBopel, HakoOHeT,
Hamén paboraronyro (GopMyiay U COOPYAHMI TIEPBBIX
monend w3 Oenod u KENTOM KyKypy3bl. CeromHs Mbl
JIeJlaéM 3TaHOJI M3 3€pHA, HO JI0 CUX IOp HE CMOIIH
npeB3oiTr Co3aarens e, KOTOPhIE MBIOT €T0.

Mudsl o0 cozgaHuM, MOAOOHBIE 3THUM, MBITAIOTCS
OTBETUTH HA BOMPOCHI, K KOTOPHIM MBI 0OpaiiaeMcs B 3TOU
kaure: [loyemy cymectByer Bceenennas, moueMy OHa
uMeHHO Takasi? Hama crnocoOHOCTh 3a7aBaThCsl TaKHUMHU
BOIIPOCAMH CTOJIETHSIMH POCia U YKpeIisjaach, HAaUUHas C
JIPEBHUX TPEKOB, HO HauOonee TIyOOKO - 3a MPOILIOE
cronerue. [IpoBeas moOArOTOBHTENBHYIO paboTy B
MPEIbIIYIIUX TJIaBaX, Mbl TEHNEpb TOTOBBI MPEIOKHUTD
BO3MO>KHBIN OTBET Ha 3TU BOMPOCHI.

Opna naes, KoTopasi, BO3MOKHO, OblIa OYEBUIHA JaKe
B [IPE)KHHUE BPEMEHA, COCTOsIIa B TOM, 4TO WK Beenennas
Oblla CpaBHUTEIBHO HENABHO CO3JaHa, WU JIOJH,
CYLIECTBYIOT TOJIbKO HEOONBIION OTPE30K KOCMUYECKON
ucropun. Iloromy 4TO 4YeroBedeckMil poJ Tak OBICTPO
pa3BUBaeT 3HAHUS M TEXHOJIOTMH, YTO, €CIIU OBl JIIOIU
CYILIECTBOBAJIM B TEUEHUE MWIJIHMOHOB JIET, YEJIOBEUECKUN
pox HaMHOro Obl TpPOABUHYJICSI OBl B  CBOEM
COBEPLICHCTBE.

Cornacno Berxomy 3aBery, bor coznan

monkeys. After that fiasco, the Maker finally came
upon a formula that worked, and constructed the
first humans from white and yellow corn. Today
we make ethanol from corn, but so far haven’t
matched the Maker's feat of constructing the
people who drink it.

Creation myths like these all attempt to answer
the questions we address in this book: Why is
there a universe, and why is the universe the way
it is? Our ability to address such questions has
grown steadily in the centuries since the ancient
Greeks, most profoundly over the past century.
Armed with the background of the previous
chapters, we are now ready to offer a possible
answer to these questions.

One thing that may have been apparent even in
early times was that either the universe was a very
recent creation or else human beings have existed
for only a small fraction of cosmic history. That's
because the human race has been improving so
rapidly in knowledge and technology that if people
had been around for millions of years, the human
race would be much further along in its mastery.

According to the Old Testament, God created



Anama u EBy Bcero 3a miectb aHed. Emmckon Acuiep,
npumac Bcell Hpmangum c 1625 no 1656, ykaszan
MPOUCXOXKICHUE MHpa elle Oosee TOYHO, B AEBATH yTpa
27 oxtsa6ps, 4004 mo H.3. MBI MMeeM IPYTyl TOUKY
3peHUsi: YTO YEJIOBEYECTBO BO3ZHUKIO CPABHUTEIHHO
HEJaBHO, a BceneHHas cyniecTByeT MHOIO JOJIblIE -
0KO0JI0 13.7 MuIMapaoB JieT.

[TepBoe dakxTuveckoe HaydyHOE JOKA3aTEIbCTBO, YTO Y
Bceenennoii 66110 Havano, mogsmwiock B 1920-p1x. Kak MbI
ckazaimu B ['maBe 3, Obw10 Bpemsi, Korjga OOJIBIIMHCTBO
YUEHBIX BEpWJIO B CTaTUYeCKyl0 BceneHHyro, KoTopas
Bcerja cyiiectBoBaia. JlokazarenbcTBa, MpaBnaa, ObUIH
KOCBEHHBIMHM, OCHOBAaHHBIMH Ha HaONIOJIEHUSAX ODJBUHA
Xab6ma, cmema”HHBIXx ¢ nomompio  100-groiiMOBOTO
TeJecKoIla Ha rope YWIcoHa, Ha Xoiamax Bbiie [lacaneHnsr,
Kamudopaus. AHanusupyst CHOEKTp CBeTa, KOTOPBIN
U3Iy4aloT TalaKTHKW, XabOnm pemmmia, 4YTo TOYTH Bce
TATAKTUKU OTAQIAIOTCS OT HAC, U YeM JaJbIlle OHU, TEM
ObicTpee OHM yaamsitoTcs. B 1929 oH OTKpbUT 3aKoH,
CBSI3BIBAIONIMN  TMaJICHUE WHTCHCHUBHOCTH  HM3JTyYEHUS
TaJakKTUK C MX pacCTOSIHUEM OT HAc, U NpHUIIeN K
3aKJIIOUEHNI0, 4TOo Bceenennas pacmupsiercsa. Ecim 310
BEpHO, TO BceneHHas, MOMKHO ObITh, OblIa MEHbBINIE B
npouioM. DaKTUYECKH, €CIIM MBI IKCTPANOIUPYEM K
OTAJIEHHOMY TMPOILIIOMY, BCSI

Adam and Eve only six days into creation. Bishop
Ussher, primate of all Ireland from 1625 to 1656,
placed the origin of the world even more precisely,
at nine in the morning on October 27, 4004 BC.
We take a different view: that humans are a recent
creation but that the universe itself began much
earlier, about 13.7 billion vears ago.

The first actual scientific evidence that the
universe had a beginning came in the 1920s. As we
said in Chapter 3, that was a time when most
scientists believed in a static universe that had
always existed. The evidence to the contrary was
indirect, based upon the observations Edwin
Hubble made with the 100-inch telescope on
Mount Wilson, in the hills above Pasadena,
California. By analyzing the spectrum of light they
emit, Hubble determined that nearly all galaxies
are moving away from us, and the farther away
they are, the faster they are moving. In 1929 he
published a law relating their rate of recession to
their distance from us, and concluded that the
universe is expanding. If that is true, then the
universe must have been smaller in the past. In
fact, if we extrapolate to the distant past, all the



MaTepusi W DHeprus Bo BcemeHHodr  ObutH  OBI
CKOHILIGHTPUPOBAaHBl B OYEHb KPOIIEYHOH 0OsacTH
HEBOOOpa3sUMOM IUIOTHOCTU M TEMIIEPATyphl, U €CIu Obl
Mbl BEPHYJHCh JOCTaTOYHO JAJE€KO, KOrJa BCE ITO
HAyajuoch, 3TO COObITHE, Mbl TE€NEpPh HaszbiBaeM boibium
B3peiBoMm.

Wnes, uro Beenennas pacummpsiercs, 3aKkitoyaer B cede
HEKOTOPYIO TOHKOCTh. Hampumep, Mbl He ITozipa3yMeBaem,
yro BceneHHas pacmupsiercss TakuM 00pa3oM, 4To,
CKa)XeM, MOXKHO ObLJIO OBl pacIIMpUTH JOM, BBHIOWBAS
CTEHY M IIOMEllas HOBYIO BaHHYIO, B TOM MeCTe, IJe
KOTJIa-TO BO3BBHINIAJIICS BEIWYCCTBCHHBIN 1y0. Bepnee
CKa3aTh, YTO HE IPOCTPAHCTBO paclIMpsieT camo cels, a
TO, 4YTO YBEJIMYUBAETCS PACCTOSHUE MEXIY ABYMS
aro0bIMM TOukaMH BcenenHo#l, koropast pacmupsiercs.
Ota uaes nosiBuiack B 1930-x cpeau MHOTOYMCIEHHBIX
JUCKYCCHM, HO OJIHUM H3 JYYIIMX CHOCOOOB HArJIsIHO
IPOJAEMOHCTPUPOBaTh  3TO,  sBIsieTcsl  Meradopa,
u3noxeHHas B 1931 KeMOpuDKCKMM yHUBEPCHUTETCKUM
aCTPOHOMOM  APTypoM  DIJAMHTTOHOM.  DJJUHITOH
IIPEICTaBUII Bcenennyro KaK IIOBEPXHOCTh
pacCIIMPSIONIEroCcsT BO3AYIIHOIO IlIapa, U BCE TaJIAaKTHKU
KaK TOYKM Ha €ro IOBEPXHOCTU. JTa KapTHHA SICHO
WUTIOCTPUPYET, OYEMY AalIeKUe TaJaKTUKU Pa3JIeTaloTCs
6onee ObICTpoO, yeM cocennue. Hampumep, eciam paauyc
BO3JYLIHOTO Ilapa, YyABauBalcid KaXIblii Yac, TO
paccTosiHuEe MEX1y JIIOOBIMH JIByMs TaJJaKTUKAaMH Ha

matter and energy in the universe would have
been concentrated in a very tiny region of
unimaginable density and temperature, and if we
go back far enough, there would be a time when it
all began—the event we now call the big bang.

The idea that the universe is expanding
involves a bit of subtlety. For example, we don’t
mean the universe is expanding in the manner
that, say, one might expand one’s house, by
knocking out a wall and positioning a new
bathroom where once there stood a majestic oak.
Rather than space extending itself, it is the
distance between any two points within the
universe that is growing. That idea emerged in the
1930s amid much controversy, but one of the best
ways to visualize it is still a metaphor enunciated
in 1931 by Cambridge University astronomer
Arthur Eddington. Eddington visualized the
universe as the surface of an expanding balloon,
and all the galaxies as points on that surface. This
picture clearly illustrates why far galaxies recede
more quickly than nearby ones. For example, if
the radius of the balloon doubled each hour, then
the distance between any two galaxies on the



BO3AYIIHOM LIape TAKXKE yJIBAaUBAJIOCh Obl KaXAbI yac.
Ecnu Obl B HEKOTOpOE BpeMs JIBE€ TaJaKTHKH ObUIM Ha
paccTtosHuu B 1 a10HM, TO Yac cIycTs OHM ObUIM ObI Ha
paccTosiHUM B 2 A10iMa, ¥ OHH, Ka3aJIOCh Obl, JBUTAINCH
Obl APYr OTHOCHUTEJIBHO JIpYra CO CKOpPOCThIO 1 aroiima B
yac. Ho eciu Ob1 OHM Hauanu Ha PAcCTOSHUU B 2 J0HMa,
TO Yac CIYCTs OHM ObLIM OBl OTAENeHbI Ha 4 roiima wu,
Ka3aJock Obl, pa30eranuch Apyr OT Ipyra co CKOPOCTHIO 2
mroiiMa B yac. Bot, yTto oOHapyxwmin Xab0m1: uyeM najblie
rajJlakTHKa, TeM ObICTpee OHa yJalsieTCst OT Hac.

BaxHO NOHATH, YTO pAaCHIMPEHHE HPOCTPAHCTBA HE
3aTparuBaeT pa3Mep MaTepUaTbHBIX OOBEKTOB, TAKUX KaK
rajlakTHKH, 3Be3/1bl, 10JI0KH, aTOMBI, WJIN APYrHe 00BEKTHI,
CKpeIuisieMble HekoTopoil cuioi. Hampumep, eciu Obl Mbl
3aKpeNd CKOIUIEHHWE TaJlakKTUK MPOYHBIM KOJIBLIOM Ha
miape, TO 3TO KOJIBLIO HE PAaCHIMPSUIOCh ObI, XOTS Imap
npojoikan  Obl  pacIUpsSTbCA. OTO  MOTOMY, YTO
TaJIaKTUKH CBSI3aHBI TPABUTAIIMOHHBIMH CHIJIAMH, KOJIBIIO U
raJlakTUKU B IIpeJiesiax Hero COXpaHsu Obl UX pa3mep U
KOHQUTYpanuio, TOrJa Kak MIap YBEJIWYHBAICS. ITO
BaXHO, TIOTOMY 4YTO MBI MOXEM  OOHapyXHTb
pacmmpeHue, TOJBKO €CIM Halld  M3MEpPUTENIbHBIC
npubopsl UMEIOT (huKcupoBaHHbIE pa3mepsl. Ecnu Obl Bce
CBOOOJTHO pAaCIIMPSIIOCh, TO MBI, HAIlM W3MEPHUTEIbHbIC
JUHEWKH, HalK Ja0opaToOpHH, U TaK Aajiee Bce

balloon would double each hour. If at some time
two galaxies were 1 inch apart, an hour later they
would be 2 inches apart, and they would appear to
be moving relative to each other at a rate of 1 inch
per hour. But if they started 2 inches apart, an
hour later they would be separated by 4 inches and
would appear to be moving away from each other
at a rate of 2 inches per hour. That is just what
Hubble found: the farther away a galaxy, the faster
it was moving away from us.

It is important to realize that the expansion of
space does not affect the size of material objects
such as galaxies, stars, apples, atoms, or other
objects held together by some sort of force. For
example, if we circled a cluster of galaxies on the
balloon, that circle would not expand as the
balloon expanded. Rather, because the galaxies
are bound by gravitational forces, the circle and
the galaxies within it would keep their size and
configuration as the balloon enlarged. This is
important because we can detect expansion only if
our measuring instruments have fixed sizes. If
everything were free to expand, then we, our
vardsticks, our laboratories, and so on would all



pacHIMpUIKCh Obl MPONOPLUHUOHAIBLHO, H MBI HE 3aMETHIIH
OBl pazuuus.

Bcenennas Ha Bozaymnom Illapuke. /lanexue ranakTiuku yoerawor
OT Hac, KaK eciM ObI BECh KOCMOC HaXO/WJICSI HA TIOBEPXHOCTH
THUTaHTCKOTO BO3AYLIHOTO IIAPUKA.

To, uro Bcenennas pacmupsiercs, ObIJI0 HOBOCTBIO JIJISt
OnnmrTeitHa. Ho  BO3MOXHOCTb, YTO  TaIaKTHUKH
pasneraioTcst Apyr OT Jpyra, Obula BBICKa3aHa 3a
HECKOJIBKO JIeT JI0 crareid XabOma Ha TeopeTHYecKOou
MOoYBe,  SBIAIOLIENCA  PE3YylbTaTOM  COOCTBEHHBIX
ypaBHeHMi OitHmTeiiHa. B 1922 roxy poccuiickuii Gpusmk
1 MaTEMaTHK

expand proportionately and we would not notice
any difference.

Balloon Universe Distant galaxies recede from us as if the cosmos were
all on the surface of a giant balloon.

That the universe is expanding was news to
Einstein. But the possibility that the galaxies are
moving away from each other had been proposed
a few years before Hubble’s papers on theoretical
grounds arising from Einstein’s own equations. In
1922, Russian physicist and mathematician



Anekcannp @puamaH UcciaeqoBal TO, YTO MPOUZOUIIET C

MOJIEIIBIO Bcenennon, OCHOBaHHOM  Ha  JBYX
HPENONI0XKEHUAX, KOTOpbIE OYCHb yIPOCTHIIN
MaTCMAaTHUKY: OH MMPCAIIO0JIOXKNII, qTo, BO-IICPBLIX,

BceneHHas BBITTIAIUT OJUHAKOBO BO BCEX HAIPaBIICHUSIX
U, BO-BTOPBIX, U3 JIFOOOH TOYkH. MBI 3HaEM, 4TO MEPBOEC
npeanonoxenne @dpuamaHa HE COBCEM BEpPHO —
Bcenennas, k cyactbio, HE BCroay ojgHOpoaHa! Ckaxem,
IPOCTO B3TJISIHYB BBEPX, Mbl MOTJIH Obl yBUAEeTh CoOJHIE, a
Mornu Obl — u Jlyny. Wnm naxke KOJOHHMIO JIETYYHX
Mmbieii. Ho BceeneHnas, AeMCTBUTENBHO —KaKeTcs,
MPUMEPHO OJMHAKOBOM B KAaXKJIOM HAIpPaBJICHUH, KOTa
paccMaTpuBaeTCs B MaciiTade, KOTOpbIii HAMHOTO OOJIbIIe
— OOJBIIIE JaKE YeM PACCTOSTHUE MEXAY rajaKTUKaMHU.
DTO YTO-TO BPOJE TOTO, KaK HAOIIOIaTh 3a JIECOM CBEpPXY.
Ecnu Bbl Haxogutech goctaToyHo OymM3ko, BeI cMokeTe
pa3o0paTh OTHENbHBIE JIMCThS, WIH, MO KpailHel Mepe,
JIepeBbsi, U NPOCTpaHCTBa Mexay HuMH. Ho ecim Bl
OyZeTe HAaCTONBKO BBICOKO, UTO, €cii Bbl mpoTsruBaere
OOJIBIIION MaJiell, ¥ OH TMOKPHIBAET KBAJAPATHYIO MMUITIO
JIEPEBbEB, TO Jiec, OyAeT Ka3aTbCs OJHOPOIHBIM OTTEHKOM
3ejieHoro. Mpl ckasaid ObI, UTO B TOM MacluTabe jec
OJIHOPO/IEH.

OcCHOBBIBasICb Ha CBOUX MpPEANONIOKEHUsAX, Opuaman
CMOT OOHAPYXHUThH PEIICHNE B ypaBHEHUAX DUHIITEITHA,

Alexander Friedmann investigated what would
happen in a model universe based upon two
assumptions that greatly simplified the
mathematics: that the universe looks identical in
every direction, and that it looks that way from
every observation point. We know that
Friedmann’s first assumption is not exactly
true—the universe fortunately is not uniform
everywhere! If we gaze upward in one direction,
we might see the sun; in another, the moon or a
colony of migrating vampire bats. But the universe
does appear to be roughly the same in every
direction when viewed on a scale that is far
larger—larger even than the distance between
galaxies. It is something like looking down at a
forest. If you are close enough, you can make out
individual leaves, or at least trees, and the spaces
between them. But if you are so high up that if you
hold out your thumb it covers a square mile of
trees, the forest will appear to be a uniform shade
of green. We would say that, on that scale, the
forest is uniform.

Based on his assumptions Friedmann was able
to discover a solution to Einstein’s equations in



npu KoTopoM BcenenHas pacmmpsiiach, 4To Xab0m u
HNOATBEpAMSI  BCKOpE CBOMMH  HaOmoAeHusMu. B
4aCcTHOCTH MoJenb Bceenennoit @puamana HauvHAETCs C
HYyJIEBOI'O pa3Mepa M paclupsercs A0 TeX Iop, I0Ka
IPaBUTALlMOHHOE IPUTSHKEHUE HE 3aMEIJIUT PacUIMpPEHue,
M, B KOHEYHOM CHYeTe, HE 3acCTaBJsIET €€ CHOBAa
cxjonHyThesi B ceds. (Ecth, oka3biBaercs, J1Ba Jpyrux
TUIIA PELICHUI ypaBHEHMM ONHINTENHHA, KOTOPBIE TaKXkKe
YIOBJIETBOPSIOT NPEANONIOKEHUAM 0 Monenun Ppuamana,
OJIHO COOTBETCTBYET BcCeneHHOM, B KOTOPOH pacIIMpEeHHe
IPOJOJDKAETCS  BCErza, XOTd WM JEHCTBUTEIBHO
3aMeIAEeTCsl HEMHOIO, U JIpyroil BeeneHHou, B KOTOpOi
TEMII PacIIUPEHMs 3aMeIUISIETCs K HOJIO, HO HUKOIZa HE
nocruraer ero). @puamaH ymep CIYCTS HECKOJBKO JIET
nociae cBoeil 3Toil paboThl, U €ro HAEH OCTABAIUCH B
3HAYUTEILHON CTEIIEHH HEW3BECTHBIMH, ITOKa Xa0O0m ux
He moareepawi. Ho B 1927 mpenonaBarens (QU3MKU U
PUMCKO-KaTOJIMYECKUN CBSALIEHHUK 1O uMeHu J[xopmkec
JlemdiiTp mpemioxun moaoOHyo wunero. Ecaum  Ber
IIPOCIIEKUBAETE UCTOPHUIO BcenmeHHOM Haszax B IMPOILIOE,
OHa CTAaHOBHUTCA Bce Ooyiee KpoIIe4yHOH, moka Bsl He
HATaJIKUBAa€TECh HA MOMEHT CO3/IaHUs, KOTOPBIH MBI
Tenepb Ha3biBaeM bosbmmuMm B3peiBoM.

He Bcem mnonpaBunace kaptuHa boisbmoro Bspsisa.
®aktuuecku, TepMuH "bonbmoil B3peIB", KOTOpBIM OH
Ha3BaJl C HEKOTOPOI UpOoHHEH, ObLT BBeieH B 1949

which the universe expanded in the manner that
Hubble would soon discover to be true. In
particular, Friedmann’s model universe begins
with zero size and expands until gravitational
attraction slows it down, and eventually causes it
to collapse in upon itself. (There are, it turns out,
two other types of solutions to Einstein’s
equations that also satisfy the assumptions of
Friedmann’s model, one corresponding to a
universe in which the expansion continues
forever, though it does slow a bit, and anotherto a
universe in which the rate of expansion slows
toward zero, but never quite reaches it.)
Friedmann died a few years after producing this
work, and his ideas remained largely unknown
until after Hubble’s discovery. But in 1927 a
professor of physics and Roman Catholic priest
named Georges Lemaitre proposed a similar idea:
If you trace the history of the universe backward
into the past, it gets tinier and tinier until you
come upon a creation event—what we now call the
big bang.

Not everyone liked the big bang picture. In fact,
the term “big bang” was coined in 1949 by



KembOpumxckum  actpoduszukom  Dpenom  Xoiiom,
KOTOpPBIA BEpUJII BO BceneHHyro, KOTOpas paclIupsercs
Bcerga. HemocpencTBeHHble HAOIIOIEHHS 1OJT0 HE MOTJIH
HNOATBEPAUTh 3Ty HICI0, Mmoka B 1965 romy He ObuLIO
OTKPBITO, YTO €CTh CJaOblil ()OH CBEpXUaCTOTHBIX BOJH
BCIOJly BO BceneHnHoil. DT0 KoCMHYECKOe MUKPOBOJIHOBOE
dboHOBOE HM3NydeHHE (WM PEIMKTOBOE HM3Iy4CHHUE), WU
CMBR, saBnsercs TeM e caMbIM Kak u Barei
MHUKPOBOJIHOBOH I€Yd, HO HAMHOT'O MEHEee CHIIbHBIM. BbI
MOJKETe Ha0Jr01aTh PENUKTOBOE U3ITy4yeHue
CaMOCTOSITENIbHO, HacTpauBas Baime TeneBuaeHue Ha
HEHUCIOJb30BaHHBIM KaHal — HECKOJIbKO IIPOLEHTOB
cHera, KOTopblii Bbl Buaure Ha skpaHe, OyAeT BbI3BaH
otuM. Panmanus Obiia oOHapykeHa CIy4ailHO IBYMsI
yuenbiMu Bell Labs, mbrtarommmucs ycTpaHuTh Takoe
IIOMEXU B MX MMKPOBOJIHOBOM aHTeHHe. CHauana OHHM
JyMalld, 4TO MOMEXM MOTJIHM HpPOM30MTH H3-3a Troiydei,
YCAOKMBAIOIIMXCS HAa MX AaHTEHHY, HO OKa3ajoCh, YTO
npobiemMa HMeNna OuYeHb HMHTEPECHYI0 MpUpoay -
PENUKTOBOE U3Iy4yeHUE - pajuanus, MEepeHECeHHas OT
OUYEHb IOpsuel U IJIOTHOW paHHeN BcelleHHOH, KoTopas
CyllecTBOBaJia BCKope mocine bonpmoro B3spsiBa.
[Tockonbky Bceenennast pacmmpsuiach, OHa OXJIaXAaJlach,
MOKa pajgualys HE CcTaja TOJIbKO Cla0bIM OCTaTKOM,
KOTOPBII MBI Tenepb HabmtogaeM. B HacTosee Bpems 3T0
PENUKTOBOE U3TyYeHHE MOTJIO Obl HarpeTh

Cambridge astrophysicist Fred Hoyle, who
believed in a universe that expanded forever, and
meant the term as a derisive description. The first
direct observations supporting the idea didn’t
come until 1965, with the discovery that there is a
faint background of microwaves throughout
space. This cosmic microwave background
radiation, or CMBR, is the same as that in your
microwave oven, but much less powerful. You can
observe the CMBR vyourself by tuning your
television to an unused channel—a few percent of
the snow you see on the screen will be caused by
it. The radiation was discovered by accident by two
Bell Labs scientists trying to eliminate such static
from their microwave antenna. At first they
thought the static might be coming from the
droppings of pigeons roosting in their apparatus,
but it turned out their problem had a more
interesting origin—the CMBR is radiation left over
from the very hot and dense early universe that
would have existed shortly after the big bang. As
the universe expanded, it cooled until the
radiation became just the faint remnant we now
observe. At present these microwaves could heat



Bamy eny po mnpubmmsurensHo -270 rpamycoB 1O
Henbcuto, T. € TOIBKO Ha 3 rpaayca BbIIE a0COJIIOTHOTO
HOJISI, YTO HE OYEHb MOJIE3HO IS pa30rpeBa MOMKOPHA.

ACTpOHOMBI ~TaKkX€ HalUIM JIpyrMe OTIIEYaTKH,
noATBep Kaatonme kaptuy bosbinoro B3peiBa ropsiuei,
KpoluleyHoM paHHed Bcenennon. Hampumep, B TedeHue
NepBO MUHYTHI HJIM OKOJIO TOro, Beenennas Oblia 6osee
ropsiued, 4eM LEHTp TUIIMYHOM 3Be31bl. Bo Bpems Toro
nepuosna Bcs BceneHHas JelCTBOBaJla Kak PEakTop
AJIEPHOr0 cuHTe3a. Peakuuu mnpekpaTuiauch Obl, Korja
Bcenennass pacmvpuTcs M JIOCTaTOYHO OXJIAAUTCS, HO
Teopusi IpPEeJCKa3blBaeT, YyTo Toria BceneHHyro n0iKHA
Obl1a OBl COCTOSITH, TJIABHBIM 00pa3oM, W3 BOAOPOJA, HO
TaKKe MPUOIU3UTENBHO ¢ 23% renusi, ¢ He3HAYUTEIIbHBIM
KOJIMYECTBOM JIUTHS (Bce Ooyiee TsDKETbIe 3IIEMEHTHI
BO3HUKIM II03)K€ B 3Be3dax). Pacuersl HaxomuTcs B
XOpOILEM COOTBETCTBUU € KOJIMYECTBOM Teius, BOAOPOJa,
Y JINTUSA, KOTOPBIN Mbl HAOJIO1aEM.

Hannyne 60mbIIOro KOJMYECTBA Teliusi M PETUKTOBOE
U3JIydeHHe 00ecTeunn yoeauTeIbHOe J10Ka3aTeIbCTBO B
NoJIb3y KapTuHbel boipmoro B3pbiBa O4YeHb paHHEU
BceneHHOM, HO XOTsI MOKHO JyMaTh O KapTHHE bonibiioro
B3pbiBa Kkak O JAEHCTBUTEIBHOM OIMCAaHUU PAHHUX
BPEMEH, HENPABUIBLHO TMOHMMAaTh bonpmoi B3pbiB
OyKBaJbHO, TO €CTh CUMTATh TEOPUIO DUHIITEHHA

yvour food to only about -270 degrees
Centigrade—3 degrees above absolute zero, and
not very useful for popping corn.

Astronomers have also found other fingerprints
supporting the big bang picture of a hot, tiny early
universe. For example, during the first minute or
so, the universe would have been hotter than the
center of a typical star. During that period the
entire universe would have acted as a nuclear
fusion reactor. The reactions would have ceased
when the universe expanded and cooled
sufficiently, but the theory predicts that this
should have left a universe composed mainly of
hydrogen, but also about 23 percent helium, with
traces of lithium (all heavier elements were made
later, inside stars). The calculation is in good
accordance with the amounts of helium,
hydrogen, and lithium we observe.

Measurements of helium abundance and the
CMBR provided convincing evidence in favor of
the big bang picture of the very early universe, but
although one can think of the big bang picture as a
valid description of early times, it is wrong to take
the big bang literally, that is, to think of Einstein’s



KaK OIUCaHUE MCTUHHOM KapTUHBI MPOUCXOKIACHUS
Bcenennoit. Oto moromy yro OOmas  Teopus
OTHOCHUTEIIbHOCTH IMPE/ICKa3bIBaeT, YTO JOJDKHA Oblia
OBITh TOYKA BO BpPEMEHH, B KOTOpPOM TeMIleparypa,
IUIOTHOCTh, U HCKpuBlieHHe  BcenenHoit  Obuin
OECKOHEYHBI, 3Ta CHUTYallM{I0 MaTE€MaTUKHU Ha3bIBAIOT
CUHTYJIAPHOCTHIO. /17151 pU3UKOB 3TO O3HAYAET, UTO TEOPHUS
OWHIITEMHA NpepbIBaeTCs B TOW TOYKE U IOITOMY HE
MOKET HCIOJIB30BaThCs, 4YTOOBI IMpelcKa3aTh, Kak
Bcenennas Hawanach, TOJBKO Kak OHa pa3BUBajlach
noxke. Tak Kak, XOTS MblI MOXEM HCIIOJIb30BATh
ypaBHeHuss OOmIeld TEOpUU OTHOCHUTEIIBHOCTH U HAaIlH
HabmoieHus 3a BeeneHHol, yToOBI y3HATH O HEM B OYEHD
MOJIOZIOM  BO3pacTe, HE  KOPPEKTHO  IOJHOCTBHIO
nepeHocuTh kaptuny bosbiioro B3peiBa Ha3aa k Havay.

Mp1 ckopo mobepemcst 10 TIpOoOJIeMbI TIPOUCXOXKICHUS
BcenenHoii, HO cHavaja HECKOJBKUX CIIOB O MEpBOil (aze
pacmypenus. OU3MKKU HA3bIBAIOT 3TO pa3yBaHUEM WIIN
unpasuet. Ecium Ob1 Ber xumm B 3um0Oabe, rae
uHGIAIMS BalOTHl HenaBHO mnpesbicuia 200 000 000
IPOILIEHTOB, TEPMHUH, BO3MOXHO, HE MTOKA3aJICs BaM OYEHb
yK HaaymMaHHeIM. Ho cormacHo pgaxke CKpPOMHBIM
HoJICUeTaM, BO BpeMs 3TOW KOCMOJIOTHYECKOH MHGIALNY,

Bcenennas, pacmupunace ¢ ko3dpdumuentom 1 000 000
000 000 000 000 000 000 000 000

theory as providing a true picture of the origin of
the universe. That is because general relativity
predicts there to be a point in time at which the
temperature, density, and curvature of the
universe are all infinite, a situation mathemati-
cians call a singularity. To a physicist this means
that Einstein’s theory breaks down at that point
and therefore cannot be used to predict how the
universe began, only how it evolved afterward. So
although we can employ the equations of general
relativity and our observations of the heavens to
learn about the universe at a very young age, it is
not correct to carry the big bang picture all the way
back to the beginning.

We will get to the issue of the origin of the
universe shortly, but first a few words about the
first phase of the expansion. Physicists call it
inflation. Unless you've lived in Zimbabwe, where
currency inflation recently exceeded 200,000,000
percent, the term may not sound very explosive.
But according to even conservative estimates,
during this cosmological inflation, the universe
expanded by a factor of
1,000,000,000,000,000,000,000,000,000,000
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0.00000000000000000000000000000000001 cexkyHay.
Oto Obuto OBI, Kak OyATO MOHETa auameTpoM B 1
CAaHTUMETpP BHE3AMHO YBEJIMYWJIACH B JIECATH MUJUTMOHOB
pa3 710 pa3sMepoB Mie4yHOro myTd. OITO, MOMKET
MOKa3aThCsl, HApylIaeT TEOPUI0  OTHOCUTEIBHOCTH,
KOTOpasi yKa3bIBaeT, YTO HUYTO HE MOXKET MepeMeIaThCcs
ObICTpee 4YeM CBET, HO 3TO OTPAaHUYEHUE CKOPOCTU HE
OTHOCHUTCS K PaCHIMPEHUIO CaMOT0 MPOCTPAHCTRA.

Wnes, 9to Takoil »mm304 WHQIISIIAHA, BO3MOXKHO,
npou3olen, ObuIa BriepBbie mpenioxkeHa B 1980 roay, ona
OCHOBaHa Ha Pa3MbILUICHUSAX, KOTOpble UAYT BHe OO
TEOPUU OTHOCUTEIBHOCTH DWHIITEHHa U OCHOBBIBAIOTCS
Ha aCMeKTaxX KBAHTOBOW TeopuH. Tak Kak Mbl HE MMEEM
MOJIHOM KBaHTOBOW TEOPUU I'paBUTAIIMH, JETAIH BCE €Ille
NPOSICHSIOTCS, W (U3UKKM HE YBEPEHbl TOYHO, Kak
npousonuio  pacmupenue. Ho  cormacHo  teopuw,
pacuiupeHue, BBbI3BaHHOE WHQIISAIHMEH, HE ObBUIO ObI
abCOIOTHO OJHOPOIHO, KaK MpeACKa3aHO TPAIUIIMOHHON
kapTuHOW bonbmoro B3psiBa. OTa HepaBHOMEPHOCTH
mpousBena Obl KPOXOTHBIE OTJIMYUS B TEMIIEpaType
PETUKTOBOTO M3IIYYCHHS B Pa3JIMUHBIX HaNpaBICHUSX.
OTH OTIUYHS SIBISIFOTCS CITUIIIKOM MaJl€eHbKUMHU, YTOOBI UX
MO>XKHO ObITO HaOMI0JaTh B 1960-BIX TOHAX, HO OHH OBUIN
cHauyasia oOHapykeHsl B 1992 cnyraukom HACA COBE,
u

in
.00000000000000000000000000000000001
second. It was as if a coin 1 centimeter in diameter
suddenly blew up to ten million times the width of
the Milky Way. That may seem to violate relativity,
which dictates that nothing can move faster than
light, but that speed limit does not apply to the
expansion of space itself.

The idea that such an episode of inflation might
have occurred was first proposed in 1980, based
on considerations that go beyond Einstein’s
theory of general relativity and take into account
aspects of quantum theory. Since we don’t have a
complete quantum theory of gravity, the details
are still being worked out, and physicists aren’t
sure exactly how inflation happened. But
according to the theory, the expansion caused by
inflation would not be completely uniform, as
predicted by the traditional big bang picture. These
irregularities would produce minuscule variations
in the temperature of the CMBR in different
directions. The variations are too small to have
been observed in the 1960s, but they were first
discovered in 1992 by NASA’s COBE satellite, and



M03)Ke€ M3MEpPEHBbI ero mpeeMHuKoM, cimytHukom WMAP,
3anymeHHbiM B 2001 rony. B pesynpraTe MBI Tenepb
yBEpEHBI, YTO UHQIIALUSA 1EHCTBUTENBHO IPOUCXOANIIA.
Kak HM cTpaHHO, XOTd KpOILIEYHbIE OTJIMYUS B
PEIIMKTOBOM  HM3JIy4YE€HUHU SBIAIOTCA  J10Ka3aTeIbCTBOM
UHQIIALUN, OJHUM W3 TNOATBEPXKICHUH  MHQIAINH
ABJIACTCS. BA)KHAs KOHLENLHUA, O TOM, YTO CYLLIECTBYET
IOYTH  HJAealbHasT  OAHOPOJHOCTb  TEMIIEpaTyphl
penukroBoro umsnydenuss. Ecim  Bel  Harpeere onHy
o0nactb 00bEKTa, W 3aTeM MOJAOXKIETe, TO Topsyas
o0nacth craHeT OoJjiee NPOXJIATHOM, a BCA OCTaJbHas
JacTh 00BEKTa - Ooyiee TEIIon, IIOKa TeMIIepaTypa BCEero
00BEKTa HE BHIPOBHsETCA. TOYHO TaK e MOXHO ObLIO ObI
0XHJaTh, 4TO y BceneHHOW, B KOHEYHOM cyeTe, Oynaer
olHOpoAHas Temieparypa. Ho mpouecc 3ToT 3aHMMaer
ONpEIEIEHHOE BpeMs U €CIM MPEANOJIOKUTb, UTO
UHQIIALUN He ObUIO, U CKOPOCTh Mepeiaun Teria Oblia Obl
OrpaHMuY€Ha  CKOPOCTBIO CBeTa, TO BpPEMEHHU
cyliecTBoBaHMsA BceneHHOM mnpocTto He XBaTWiIO Obl
YTOOBl YpaBHATH TEMIIEPATypbl CaMbIX yJaJCHHBIX
obmacreif. Ilepuox odeHb OBICTPOrO  pacIIMpPEHUs
(HamMHOTO OBICTpEE, YEM CKOPOCTH CBETA) YCTPAHSET 3TO,
IOTOMY 4YTO, BO3MOXKHO, OBUIO JIOCTaTOYHO BPEMEHHM JUIS
ypaBHMUBaHMs, 4YTOOBI TMPOM3OMTH B  UYPE3BHIUANHO
KpolIeyHo! npeaAnH(IIUOHHON paHHel BeeneHHO.
WNndnsuus o0bsicHseT B3pbIB B bonbiiom B3peise,

later measured by its successor, the WMAP
satellite, launched in 2001. As a result, we are now
confident that inflation really did happen.

Ironically, though tiny variations in the CMBR
are evidence for inflation, one reason inflation is
an important concept is the nearly perfect
uniformity of the temperature of the CMBR. If
vou make one part of an object hotter than its
surroundings and then wait, the hot spot will grow
cooler and its surroundings warmer until the
temperature of the object is uniform. Similarly,
one would expect the universe to eventually have
a uniform temperature. But this process takes
time, and if inflation hadn’t occurred, there
wouldn’t have been enough time in the history of
the universe for heat at widely separated regions
to equalize, assuming that the speed of such heat
transfer is limited by the speed of light. A period of
very rapid expansion (much faster than light
speed) remedies that because there would have
been enough time for the equalization to happen
in the extremely tiny preinflationary early
universe.

Inflation explains the bang in the big bang, at



M0 KpailHEeH Mepe B TOM CMBICIIE, YTO pacUIupEeHue,
KOTOpPOE OHa TMpPEACTaBIAeT, OBUIO HaMHOro Oolee
3HAYUTENbHBIM, Y€M  pacllupeHue, IMpelcKa3aHHOe
TpaauuMoHHOM Teopuer "bonpmoro B3peiBa " B Teopuu
oOmieil  OTHOCUTENIBHOCTM B  TEYEHHE BPEMEHHOIO
UHTEpBaJIa, B KOTOPOM Ipousonuia nHusanus. [Ipodiema
B TOM, YTO JUJIsl TOTO, YTOOBI HAIIM TEOPETUYECKUE MOJIEIH
uHGIAIUN paboTany, HavyajdbHOE COCTosHHME BceneHHOM
JIOJDKHO OBLIIO OBITh YCTPOCHO OYEHH CHECIU(UUESCKHM H
OYCHb HEBEPOATHBIM cmocobom. Takum  00Opazom,
TpalWLMOHHAS ~ Teopus HUHOIAIUU  peuiaer  OJHU
POOJIEMBI, HO CO3/IaeT JIPYrHe — IMOTPEOHOCTh B OYCHB
crenupuIeckoM HavyallbHOM COCTOSIHMM. JTa Mpoliema
HYJIEBOTO BPEMEHHM YCTpaHEHA B TEOPUH CO3JaHHS
BcenenHoii, KOTOpYyI0 MBI COOMpaeMcs OTUCATh.

Tak xKak MbI HE MOYKEM OIHUCATH CO3JAHUE, UCIIOIb3YS
TEOPHIO O0IIEH OTHOCUTENBHOCTH DUHINITEHHA, U €CIIH MBI
XOTHM OIKUCaTh MPOUCXOXACHHE BceneHHou, obmias
TEOpHsI OTHOCUTENIBHOCTH JIOJDKHA OBITh 3aMeHeHa Ooiiee
COBepIIeHHOU Teopued. M Bce ke HEOOXOIUMO HMETh
0oJiee COBEpIICHHYIO TEOPHUIO, BEMIb JaXKe €CH Obl 00IIas
TEOPHsI OTHOCUTEIFHOCTH HE MOTEpIesia Heyiady, IOTOMY
YTO OHAa HE TMPUHMMAeT BO BHHMMAaHHE HEKOTOpHIE
BOTIPOCHI, KOTOPBIMH 3aHUMAETCS KBAaHTOBAsi TeOpHUsi. MbI
ynoMuHanu B [maBe 4, 49rto [nans OONBIIMHCTBA
NPaKTUYECKUX BOIPOCOB KBAHTOBASI TEOPHS HE TIOJXOIUT
TUIS

least in the sense that the expansion it represents
was far more extreme than the expansion
predicted by the traditional big bang theory of
general relativity during the time interval in which
inflation occurred. The problem is, for our
theoretical models of inflation to work, the initial
state of the universe had to be set up in a very
special and highly improbable way. Thus
traditional inflation theory resolves one set of
issues but creates another—the need for a very
special initial state. That time-zero issue is
eliminated in the theory of the creation of the
universe we are about to describe.

Since we cannot describe creation employing
Einstein’s theory of general relativity, if we want to
describe the origin of the universe, general
relativity has to be replaced by a more complete
theory. One would expect to need a more complete
theory even if general relativity did not break
down, because general relativity does not take into
account the small-scale structure of matter, which
is governed by quantum theory. We mentioned in
Chapter 4 that for most practical purposes
quantum theory does not hold much relevance for



WCCIIEI0BAHMS KpYIMHOMacCIITaOHBIX CTPYKTYD
BceneHHOM, TOTOMY 4TO KBaHTOBAsl TEOpUsS IIPUMEHSAETCSA
JUIsl ONKUCAHMS MPUPOJBI HA MUKPOCKOIMYECKOM YPOBHE.
Ho ecin Bl paccmaTpuBaeTe 10CTaTOYHO JAJIEKOE BPEMS,
korna Beenennas Obliia CTOJb jK€ MaJIeHbKOM, KaK pa3Mmep
[Inmanka, ogHa MMIIMAPA-TPUWUIMOH-TPUIUIMOHHAS 4YacThb
CaHTHMETpa, KOTOPBIH SIBJISETCS MacIITaboM, B KOTOPOM
JNEHCTBUTENLHO JIOJDKHA OBITh TPUHSATA BO BHUMAHHE
KBaHTOBasi Teopus. Tak, XOTA y HAC €lle HEeT IOJIHOU
KBAaHTOBOW TEOpUU TPaBUTALMH, MBI JACHCTBUTEIHHO
3HAeM, YTO NMPOUCXOXKIeHHE BceneHHoi ObUI0 KBAHTOBBIM
ciyyaeM. M B pe3ynbTare, Kak Mbl OOBEAMHWIH
KBaHTOBYIO TEOPHIO U OOIIYIO0 TEOPUIO OTHOCUTEIBHOCTH -
0 KpaHEel Mepe YCIOBHO - YTOOBI BBIBECTH TEOPHIO
UHQISAIUH, TO €CIH Mbl XOTUM BEPHYTHCS €II€ J1ajibIIe BO
BPEMEHM M TOHATH MPOUCXOXKACHUE BceneHHoH, Mbl
JOJKHBI 00BEAMHUTD TO, YTO MBI 3HaeM 00 0011eit Teopun
OTHOCUTEIIBHOCTH, C KBAHTOBOU TEOPHEA.

UToObl BUAETH, KaK 3TO paboTaeT, Mbl JOJKHBI TTOHSTH
MIPUHITUII, YTO TpaBUTAIUS 1e(POPMUPYET MIPOCTPAHCTBO U
BpeMs. Hckpusnenue IIPOCTPAHCTBA jerye
BHU3yaJIN3UPOBATh, yeM VCKPHBIICHHE BPEMEHH.
IIpencrasere, 4ro BceeneHHas - MOBEPXHOCTH IUIOCKOIO
OownbgapaHoro crosa. IloBepxHOCTh cTONA - TUIOCKOE
MECTO, 10 KpailHel mepe B ABYX u3MepeHusx. Eciu Bol
Oyzere KaTUTh LIap MO CTOJy, TO OH OyJeT JABUraTbCs IO
npsimoit muHUKM. Ho ecnu cTon craneT AeopMUPOBAHHBIM
WJIM BJIABJIEHHBIM B MECTaX, KaK

the study of the large-scale structure of the
universe because quantum theory applies to the
description of nature on microscopic scales. But if
you go far enough back in time, the universe was
as small as the Planck size, a billion-trillion-
trillionth of a centimeter, which is the scale at
which quantum theory does have to be taken into
account. So though we don't yet have a complete
quantum theory of gravity, we do know that the
origin of the universe was a quantum event. As a
result, just as we combined quantum theory and
general relativity—at least provisionally—to derive
the theory of inflation, if we want to go back even
further and understand the origin of the universe,
we must combine what we know about general
relativity with quantum theory.

To see how this works, we need to understand
the principle that gravity warps space and time.
Warpage of space is easier to visualize than
warpage of time. Imagine that the universe is the
surface of a flat billiard table. The table’s surface is
a flat space, at least in two dimensions. If you roll a
ball on the table it will travel in a straight line. But
if the table becomes warped or dented in places, as



Ha WUIIOCTpAlMM HWXKe, TO 1ap OyaeT IBUraThCs IO
KPUBOM.

in the illustration below, then the ball will curve.

Hckpusienne Ilpocrpancrea. MaTtepus U 3HEPIrUsl UCKPUBIISIOT
MPOCTPAHCTBO, U3MEHSISI TPAEKTOPUH OOBEKTOB.

Jlerko moHsTH, KaKk OMIIBAPAHBIN CTON 1e()OPMUPOBAH B
9TOM NpUMepe, MOTOMY YTO OH M3rubaercs BO BHEILHEE
TpPEeTbe U3MEpPEHUE, KOTOPOE MBI MOKEM BHJETh. Tak Kak
Mbl HE MOXXEM BO3HECTHCh BHE HAIllEr0 COOCTBEHHOTO
POCTPAHCTBA-BPEMEHH,  YTOOBI ~ PacCMOTPETb  €ro
UCKPHUBJICHHE, IIPOCTPAHCTBEHHO-BPEMEHHOE
UCKpUBJIeHHEe B Hameld BcenenHoir 0osee CclI0XHO
npezacTaBuTh. Ho MckpuBiIeHne MOXKET ObITH OOHAPYKEHO,
naxe eciv Bbl He MOXKeTe MOAHSITHCS U PACCMOTPETH €r0

Space Warp Matter and energy warp space, altering the paths of objects.

It is easy to see how the billiard table is warped
in this example because it is curving into an
outside third dimension, which we can see. Since
we can’t step outside our own space-time to view
its warpage, the space-time warpage in our
universe is harder to imagine. But curvature can
be detected even if you cannot step out and view it



C JpYrol TEpCIEeKTUBBL. OJTO MOXKHO OOHAPYKUTh
U3HYTpU camoro IIPOCTPAHCTBA. BooOpasute
MUKpPOMYpPaBbsi, OTPAaHHUUYEHHOTO MOBEPXHOCTHIO CTOJA.
Haxe 6e3 crtoCOOHOCTH MOTHATHCS HAJ CTOJIOM, MypaBei
Mor Obl OOHAPYKHUTh UCKPHUBJICHUE, THIATEIbHO GUKCUPYS
paccrosiHusa. Hampumep, paccrositHue BOKPYT Kpyra B
IUIOCKOM MECT€ - BCerJja HEMHOro OoJblle YeM B TPU pasa
paccrostHuA 4epe3 ero nuamerp ((akTuyeckoe KpaTHOe
yuciny - nu). Ho ecnu Obl MypaBeil nepemeraics IO
OKPY’KHOCTH,  OXBaThIBAalOIIMH  JIYyHKY B  CTOJIE,
M300paXEHHOM BBIIIIE, OH OMpPeAeNn Obl, 4YTO PACCTOSIHHE
[0 JIyHKE HampsMUK OoJibllle YeM BOKPYI JIYHKH.
®dakTuvecku, ecau Obl IyHKa ObLIa 10CTaTOYHO TITyOOKOi,
TO MypaBell ompenenuna Obl, YTO pPACCTOSHHUE TI0
OKPYKHOCTH KOpOYE, YeM PacCCTOSHHE uepe3 JYyHKY. To
’K€ CaMO€ BEPHO ISl UICKPUBJIEHUA B Hallel BceneHHOM -
OHO YAJIMHSAET WIM COKpAallaeT pacCTOSHUE MEXKAY
TOYKaMH MNPOCTpaHCTBA, HU3MCHAA €ro reoMETpuro HIN
dopMy, U 3TO MOXKHO HU3MEPUTh M3HYTpH BceneHHOM.
Hedopmarusi OTpe3KOB BPEMEHU WM CXKAaTHE BPEMEHHBIX
MHTEPBAJIOB M10100HOTO poJa.

from the perspective of a larger space. It can be
detected from within the space itself. Imagine a
micro-ant confined to the surface of the table.
Even without the ability to leave the table, the ant
could detect the warpage by carefully charting
distances. For example, the distance around a
circle in flat space is always a bit more than three
times the distance across its diameter (the actual
multiple is 7). But if the ant cut across a circle
encompassing the well in the table pictured above,
it would find that the distance across is greater
than expected, greater than one-third the distance
around it. In fact, if the well were deep enough,
the ant would find that the distance around the
circle is shorter than the distance across it. The
same is true of warpage in our universe—it
stretches or compresses the distance between
points of space, changing its geometry, or shape,
in a way that is measurable from within the
universe. Warpage of time stretches or
compresses time intervals in an analogous
manner.



Hckpusienne Ilpocrpancrea-Bpemenu. Marepus u sHeprus
UCKPUBJISIIOT BPEMs, & 3HAYUT U Pa3MEPHOCTb BPEMEHHU, CBSI3aHHYIO C
[IPOCTPAHCTBEHHBIMU Pa3MEPHOCTSIMU.

BoopyXeHHbIE 3TUMU HAESIMU, TaBAUTE BO3BPATUMCS K
npoOiiemMe Havana BcenenHoil. Mbl MoOkeM TOBOPHTH
OTAENBHO O TMPOCTPAHCTBE U BPEMEHH, KOTOPHIE MBI
paccMaTpuBaeM, B CUTYyalMSX C HU3KUMH CKOPOCTSMH M
cnaboit rpaBuTarued. BooOme, ongHako, BpeMs W
IIPOCTPAHCTBO MOTYT CTaTh B3aUMOCBSI3aHHBIMHU, U, TAKUM
o0pa3oM, HX pacTSHKEHHE M CXKATHE TaKXKe BIEKYT
ONPEAEIEHHOTO pona B3aHMOJICHCTBUS. 910
B3aMMO/ICVICTBUE BaXKHO B paHHEU

Space-time Warp Matter and energy warp time and cause the time
dimension to “mix" with the space dimensions.

Armed with these ideas, let’s return to the issue
of the beginning of the universe. We can speak
separately of space and time, as we have in this
discussion, in situations involving low speeds and
weak gravity. In general, however, time and space
can become intertwined, and so their stretching
and compressing also involve a certain amount of
mixing. This mixing is important in the early



Bcenennoit, u sBIseTCS KIIOYOM K ITOHMMAaHHUIO Hadana
BpPEMEHU.

[Ipobnema Havama BpEMEHHM HEMHOI'O TIOXOAMWT Ha
npobiieMy kpast mupa. Korga monu mymanu, 9To MUp ObUT
IJIOCKMM, BO3MOXHO, 3aJaBajliCh BOIIPOCOM, JIMJIOCH JIU
MOpe uepe3 ero Kpald. DITo ObBUIO MPOBEPEHO
AKCTIIEPUMEHTAIbHO: JI1000 MOXET MpOmyTelnecTBOBATh
BOKPYT 3eMJIM M HE ymacth ¢ Hee. [Ipobnema Toro, 4ro
CIIy4aeTcsi Ha Kpar MHpa, OblIa pelieHa, Koraa JIHoIu
MOHSUJIM, YTO MHpP OBbUIT HE MJIOCKOH IJIacTUHOW, a KPUBOM
MOBEPXHOCThIO. Bpems, oaHako, Kazajioch, MOXOAWIO Ha
MOJENb KEJIE3HOJOPOKHOr0 MNOJIOTHA. Eciii OHO HMENo
HaYaJlo, JIOJDKHO OBITh, ObLT KTO-TO (TO €CTh, bor), 4To0bI
OpraHU30BaTh JIBIXKCHHE I0OE€3/I0B. XOTS oO0mas Teopus
OTHOCHUTEJILHOCTH OWHINTEHHA OO0BeAMHWIA BpeMs U
MPOCTPAHCTBO KaK MPOCTPAHCTBO-BPEMSI U OIPEICIIHIIa
B3aUMOCBSI3b MEXKIY IMPOCTPAHCTBOM U BPEMEHEM, BpeMs
BCE €Ill¢ OTJIMYAJIOCh OT MPOCTPAHCTBA, W JINOO HMMEIO
HAYajgo0 M KOHel, JTUOO0 HWHaye MPOA0JDKAIOCh BCETHAA.
Onnako, Kak TOJBKO MBI J100aBIsieM pe3yibTaThl
KBAaHTOBOM TEOpUHM K TEOPUU OTHOCHUTEIBHOCTH, B
KpallHUX CJy4asX HWCKPUBIICHHE MOXET IPOM30UTH [0
Takol OONBIION CTeNmeHu, YyTO BpeMs BeAeT ceds Kak
JIPYroe MPOCTPAHCTBEHHOE U3MEPEHHE.

B panneii Bcenennoit — korna Beenennast Obiia

universe and the key to understanding the
beginning of time.

The issue of the beginning of time is a bit like
the issue of the edge of the world. When people
thought the world was flat, one might have
wondered whether the sea poured over its edge.
This has been tested experimentally: One can go
around the world and not fall off. The problem of
what happens at the edge of the world was solved
when people realized that the world was not a flat
plate, but a curved surface. Time, however,
seemed to be like a model railway track. If it had a
beginning, there would have to have been
someone (i.e., God) to set the trains going.
Although Einstein’s general theory of relativity
unified time and space as space-time and involved
a certain mixing of space and time, time was still
different from space, and either had a beginning
and an end or else went on forever. However, once
we add the effects of quantum theory to the theory
of relativity, in extreme cases warpage can occur to
such a great extent that time behaves like another
dimension of space.

In the early universe—when the universe was



JIOCTaTOYHO MAaJCHbKOM, 4TOOBI MOAUYMHATHCSA 3aKOHAM U
o0uIeil TeOpur OTHOCUTEIBHOCTU M KBAaHTOBOH TeOpUU -
ObLI0,  (paKTUYECKH,  YeThIpe  MPOCTPAHCTBEHHBIX
U3MEPEHUS U HU OJJHOTO BPEMEHHOI'0. DTO 03HAYAEeT, uTo,
KOrJia Mbl TOBOpUM O "Hadasie" BceneHHoM, Mbl BbIIEIsIEM
TOHKMH acCIIeKT, YTO, IOCKOJbKY Mbl paccMaTpUBacM
OYEHb paHHIOK BceneHHyro, BpeMs, KaK Mbl YK€ 3HAEM,
He cymectByer! Mpl JODKHBI NPU3HATH, YTO HAIIH
OOBbIUHbIE MPEJCTABICHUS O MPOCTPAHCTBE M BPEMEHU HE
OTHOCSITCSL K O4Y€Hb paHHeW BceneHnHoil. DTo BHe Hallero
OMbITa, HO HE BHE HAIIEr0 BOOOPaXKEHUS, WM HaIIeH
MareMatuku. Ecnu B paHHeld BceneHHOM Bce deThIpe
U3MEpEeHHs] BeIyT ceOsi Kak MpPOCTPAHCTBEHHBIC, TO Kak
BO3HHKJIO BpeMsi?

Oco3HaHue TOro, 4To BpeMs MOKET BECTH ce0sl Kak
JIpyroe U3MEepeHHe MPOCTPAHCTBA, O3HAYAET, YTO MOKHO
n30aBUTbCA OT MpoOJeMbl BpPEMEHM, HMes Haualo,
NOJI0OHBIM CIIOCOOOM, KOTOPBIM MbI M30aBUIIUCH OT Kpas
mupa. [Ipencraspre, 4To Hayano BeeneHHOM Moxoauio Ha
IOxHpI1 momoc  3emiu, € rpagycaMd  HIMPOTHI,
UTpAIOLMMU POJib BpeMeHU. [Ipu npoaBrkeHnn Ha ceBep,
KPYTd TOCTOSIHHOM IIHPOTHI, MPEJICTaBIISIIONINE pa3Mep
Bcenennoii, pacumpuince Obl. BeeneHHas Hauanach Obl
Kak Touyka Ha IOxnoMm noiroce, Ho HOKHEBIN MOJIIOC OYEHD
MOXO0X Ha JII00YI0 PYTyIO TOUKY.

small enough to be governed by both general
relativity and quantum theory—there were
effectively four dimensions of space and none of
time. That means that when we speak of the
“beginning” of the universe, we are skirting the
subtle issue that as we look backward toward the
very early universe, time as we know it does not
exist! We must accept that our usual ideas of space
and time do not apply to the very early universe.
That is beyond our experience, but not beyond our
imagination, or our mathematics. If in the early
universe all four dimensions behave like space,
what happens to the beginning of time?

The realization that time can behave like
another direction of space means one can get rid
of the problem of time having a beginning, in a
similar way in which we got rid of the edge of the
world. Suppose the beginning of the universe was
like the South Pole of the earth, with degrees of
latitude playing the role of time. As one moves
north, the circles of constant latitude, representing
the size of the universe, would expand. The
universe would start as a point at the South Pole,
but the South Pole is much like any other point.



CnpamuBarh, 4TO OBUIO TIepea HavajioM BceneHHOH,
CTaHeT OECCMBICIICHHO, TOTOMY YTO HET HUYErO K IOTy OT
IOxHoro mnomtoca. B a3Toii Momenu y mpocTpaHCTBa-
BPEMEHU HET HUKAKOW I'PAHUIIBI — T€ K€ CaMbl€ 3aKOHBI
PUPOJBI BBIMONHAIOTCS Kak Ha HOkHOM mosnroce, Tak B
Ipyrux  Mecrtax. Jpyrumu cioBamMu, KOT/Ia MBI
o0beauHsIeM OOIIYyI0 TEOPUI0 OTHOCUTEIBHOCTH C
KBaHTOBOH Teopueil, BOmpoc "4TO NPOUCXOAWIO [0
Hauana Bcenennoi?" tepser cMbica. OTy HJIEH0, 4YTO
COOBITHSI JTOJDKHBI OBUTH OBITH 3aKPBITHI IMOBEPXHOCTSIMH
0e3 TpaHuIlbl, HA3bIBAIOT HETPAHUYHBIM YCIIOBHEM.

Jlonroe Bpemsi MHOTHE, BKIOYas ApPHUCTOTEI,
nonaranu, 4ro Bcenennas, A0MKHO OBITh, Bcernaa
CYIIECTBOBaJIA, YTOOBI N30ekaTh MpoOJIEMBbl TOTO, KaK OHA
Bo3HUKIA. [Ipyrue mnonaramu, uyto Bcenennas wumena
HayaJlo, M UCIOJb30Baja »dSTO Kak apryMeHT 3a
cymectBoBanue bora. OcwmbiciieHHe, 4TO BpeMsl BelET
ce0sl KaKk MECTO, MPEJCTABISET HOBYIO alIbTEPHATUBY. ITO
YCTpaHSIET CTapoe BO3pakeHue, uyro BceneHHas umeer
Ha4yaJlo, HO TakkKe€ W O3HAYaeT, YTO BO3HUKHOBEHHE
BceneHHoll COOTBETCTBYET Hay4HbIM 3aKOHaM, M HET
HEO0OXOAMMOCTH UCTIOIB30BaTh MoHsATHE bora.

Ecnu nayano BeeneHnHoii ObLII0 KBAHTOBBIM

To ask what happened before the beginning of the
universe would become a meaningless question,
because there is nothing south of the South Pole.
In this picture space-time has no boundary—the
same laws of nature hold at the South Pole as in
other places. In an analogous manner, when one
combines the general theory of relativity with
quantum theory, the question of what happened
before the beginning of the universe is rendered
meaningless. This idea that histories should be
closed surfaces without boundary is called the
no-boundary condition.

Over the centures many, including Aristotle,
believed that the universe must have always
existed in order to avoid the issue of how it was set
up. Others believed the universe had a beginning,
and used it as an argument for the existence of
God. The realization that time behaves like space
presents a new alternative. It removes the age-old
objection to the universe having a beginning, but
also means that the beginning of the universe was
governed by the laws of science and doesn’t need
to be set in motion by some god.

If the origin of the universe was a quantum



COOBITHEM, OHO MOIJO OBl OBITH TOYHO OIMCAHO
COBOKYIHOCTBbIO ~ coObiTuii ~ Pelinmana.  I[IpumeHsTh
KBAaHTOBYIO TEOpUIO KO Bced  Bceenennoil, rae
HaOJII0IaTeNM - 4acTh HAOJI0AaeMON CHUCTEMBbI, SIBIISCTCS
CJIOKHBIM, Kak ObI TO HU Ob10. B I'1aBe 4 MBI BUEIH, KaK
MaTepHabHbIE YaCTUIIbl HAMPABISIIUCH B SKPaH C JBYMS
Mpope3siMd B HEM, YTO MOTJIO OBITh JOKAa3aTelIbCTBOM
MPHUHIIAIIA WHTEPPEPCHIINN, KaK M Yy YaCTHUI[ BOJHBI BOJIBI.
@deiiHMaH MOKa3ajld, 4YTO 3TO BO3HUKAET, MOTOMY 4YTO Yy
YaCTUIBl HET OJHO3HAYHO OMPEJEICHHBIX COOBITHIA.
TakuM 00pa3oM, MOCKOJBKY YacTHlla MepeMeliaeTcs OT
CBOEH OTIIPAaBHOM TOYKM A K HEKOTOPOW KOHEYHOHU TOYKE
B, ona He BBIOMpaeT OAMH OMpPEIEICHHBIN MyTh, a CKOpee
OJIHOBPEMEHHO BBIOMPAET KaXXIbli BO3MOXHBIM NYTb,
coemMHsOMNA 1Ba mnyHKTa. C 3TOH TOYKM 3pEHHS,
uHTepdEepeHIHs He YAUBUTEIbHA, TIOTOMY YTO, HAIIPUMED,
YacTHIla MOXET MepPeMEeCTUThCA Yepe3 00e Mpope3u B TO
K€ caMoe BpeMs U mepeceubcst cama ¢ coboil. [Tpumensisa k
JBUKEHUIO YacThllbl, MeTo1 DeitHMaHa TOBOPUT HaM, 4ToO,
YTOOBl BBIYUCIIUTH BEPOSITHOCTH JIIOOOW  OTAENbHOMN
KOHEYHOM TOYKM, Mbl JOJDKHBI PacCMOTpPETbh BCE
BO3MOYKHBIE COOBITHS, KOTOPbIE MOTJIM MPOU30NTH, KOT/1a
YyacTUlla CIEN0Baja U3 CBOEH OTIPABHOM TOYKH K TOMU
KOHEYHOM TOoYke. MOXXHO TaKKe HCIIOJIH30BaTh METOJIBI
OeitHMana, YTOOBI BHIYHUCIUTH KBAHTOBBIE BEPOSTHOCTH
1u1st HaOmoieHnid 3a Beenmennoit. Ecnmu oHM puMeHEHBI K
Bceenennoii

event, it should be accurately described by the
Feynman sum over histories. To apply quantum
theory to the entire universe—where the observers
are part of the system being observed—is tricky,
however. In Chapter 4 we saw how particles of
matter fired at a screen with two slits in it could
exhibit interference patterns just as water waves
do. Feynman showed that this arises because a
particle does not have a unique history. That is, as
it moves from its starting point A to some
endpoint B, it doesn’t take one definite path, but
rather simultaneously takes every possible path
connecting the two points. From this point of
view, interference is no surprise because, for
instance, the particle can travel through both slits
at the same time and interfere with itself. Applied
to the motion of a particle, Feynman’s method
tells us that to calculate the probability of any
particular endpoint we need to consider all the
possible histories that the particle might follow
from its starting point to that endpoint. One can
also use Feynman’s methods to calculate the
quantum probabilities for observations of the
universe. If they are applied to the universe as a



B 1IEJIOM, HE CYIIECTBYET TOYKH A, TaKUM 00pa3oM, MBI
CKJIaJbIBa€M BCE COOBITHS, KOTOPBIE YIOBIETBOPSIOT
HErPaHUYHOMY YCJIIOBHIO M OKaHYMBAIOTCS BO BcesleHHOI,
KOTOPYIO MbI HAOJII0Ja€M CErOIHSI.

B osrom npexncraBneHun BceeneHHas — nosiBUiIach
CIIOHTAaHHO, BO3HUKasg OJHUM U3 DPABHOBEPOSITHBIX
croco0oB. BOJIBIIMHCTBO M3 HUX COOTBETCTBYET APYIMM
BCEIEHHBIM. B TO BpeMs Kak HEKOTOpble M3 TeX
BCEJICHHBIX IMOJOOHBI Hameil, OOJBIIMHCTBO COBCEM
apyrue. OHM HE TOJBKO Pa3IMYHbl B JE€TAIAX, TAKUX Kak,
yMep JIn DJBUC IEHCTBUTEIBHO MOJIOIBIM WIH SIBJISETCS
JIY TYPHEIIC I€CEPTHOM NMUIIEH, a CKOpEe OHU OTJINYAOTCS
Jake 10 MX MCTUHHBIM 3aKoHaM Inpupozsl. dakruuecky,
CYILIECTBYET MHOTO BCEJIEHHBIX CO MHOI'MMHM Pa3IMYHbIMU
HaOopamu (usnueckux 3akoHoOB. Hekoropsle sronu
CO37al0T OOJBIIOE TAWHCTBO W3 OSTOW UAEHU, HHOIZA
Ha3bIBA€MOW IOHATHEM MYJIBTUBCEJICHHAs, HO OHHU -
TOJIBKO Pa3IMYHbIE BBIPAKEHUS COBOKYIHOCTH COOBITHIA
deliHMaHa.

UYro6sl M300pa3uTh 3TO, JaBaliTe U3MEHUM aHAJIOTHIO
BO3YILIHOTO Iapa DJAWUHITOHA, U BMECTO ATOrO JaBaiTe
aymaTb O pacmmpstomiencs — BceneHHolr  Kak o
MIOBEPXHOCTHU ITy3BIpSI. Hama KapTHUHA
CaMOIIPOU3BOJIBHOTO KBAaHTOBOIO co3AaHus BceneHHoi
TOT/1a HEMHOT'O MIOXOAUT Ha (hopMuUpOBaHHE My3bIpel mapa
B Kumsued Boae. MHOro MalleHbKUX IY3bIPbKOB
HOSIBJISIETCS M 3aTEM CHOBA Mcue3atoT. OHM NPEICTaBIISIOT
MUHUBCEJICHHbIE, KOTOpbIE paCIHIUPSIOTCA, HO 3aTeM
KOJUTAIICUPYIOT

whole, there is no point A, so we add up all the
histories that satisfy the no-boundary condition
and end at the universe we observe today.

In this view, the universe appeared sponta-
neously, starting off in every possible way. Most of
these correspond to other universes. While some
of those universes are similar to ours, most are
very different. They aren’t just different in details,
such as whether Elvis really did die young or
whether turnips are a dessert food, but rather they
differ even in their apparent laws of nature. In
fact, many universes exist with many different sets
of physical laws. Some people make a great
mystery of this idea, sometimes called the
multiverse concept, but these are just different
expressions of the Feynman sum over histories.

To picture this, let’s alter Eddington’s balloon
analogy and instead think of the expanding
universe as the surface of a bubble. Our picture of
the spontaneous quantum creation of the
universe is then a bit like the formation of bubbles
of steam in boiling water. Many tiny bubbles
appear, and then disappear again. These represent
mini-universes that expand but collapse again



0 MHKDPOCKOIHMYECKOro pasmepa. OHM NIPEICTaBISIOT
BO3MOJKHBIC aJIbTCPHATUBHBIC BCEJICHHBIE, HO OHU HE
OYEHb HHTEPECHBl, TaK KAaK OHHU HE CYUIECTBYIOT
JOCTAaTOYHO JOJT0, YTOObI pa3BWINCh TATAKTUKH U
3B€3/1bl, YTOOBI pa3BUIIACH XOTS ObI OIHA pa3yMHasl *KHU3Hb.
Heckonbko MaleHbKHMX Iy3bIPEH, OJHAKO, BBIPACTYT
JIOCTAaTOYHO KPYNHBIMH, 4TOOBI MOXHO ObUIO H30€XaTh
noBTopHOro  Koyutarica. OHM  OyAayT  MIpOAOIDKATh
pacuMpsATbCS B pasMepe M (OpMHUpPOBaATh Iy3bIpH,
KOTOpblE MBI MOXeM BHJeTh. OHHU COOTBETCTBYIOT
BCEJICHHBIM, KOTOPbIE HAUYMHAIOT PACIIUPEHUE B pa3Mepe,
JPYTUMHU CJIOBaMH, BCEJICHHBIE HAXONATCS B COCTOSHHUH
uH AN,

while still of microscopic size. They represent
possible alternative universes, but they are not of
much interest since they do not last long enough
to develop galaxies and stars, let alone intelligent
life. A few of the little bubbles, however, will grow
large enough so that they will be safe from
recollapse. They will continue to expand at an
ever-increasing rate and will form the bubbles of
steam we are able to see. These correspond to
universes that start off expanding at an
ever-increasing rate—in other words, universes in
a state of inflation.



MyabsTuBcenenHas. KBaHtoBble (IyKTyaluy MPUBOST K CO3AaHHIO
KPOIIEYHBIX BCEJIEHHBIX N3 HIUero. HekoTopele U3 HUX TOCTUTAIOT
KPUTHUYECKOTO pa3Mepa, 3aTeM HHQISAIMOHHO PaCIIHPSIOTCS,
(hopMHpYsI TaTAKTUKH, 3BE31Ibl, U, TI0 KpaifHEel Mepe B OTHOM ciydae,
CYIIECTB KaK MBI.

Kak MBI roBOpMIM, pacIIMpEHHE, BBI3BAHHOE
uHOsAIMe, He OyAeT NOJHOCThIO OJHOponHO. B
COBOKYITHOCTH  COOBITHHM CYIIECTBYET TOJBKO OJIHO
MOJIHOCTBIO OJHOPOJHOE M PETYJSPHOE COOBITHE, U €My
BBIMAJET pEeaKas BO3MOXHOCTb, HO MHOTHE JApyrue
COOBITHS, KOTOPbIE HEMHOT'O HEPETYJSPHBI Takke OyayT
UMETH 3Ty BO3MOXHOCTh

Multiverse Quantum fluctuations lead to the creation of tiny universes out
of nothing. A few of these reach a critical size, then expand in an
inflationary manner, forming galaxies, stars, and, in ot leost one case,
beings like us.

As we said, the expansion caused by inflation
would not be completely uniform. In the sum over
histories, there is only one completely uniform
and regular history, and it will have the greatest
probability, but many other histories that are very
slightly irregular will have probabilities that are



C BBICOKMMM IIaHcamMu. Bor mnodyemy wuHIAIUA
IpEJCKa3blBACT, 4YTO paHHAS BceseHHas, BepoOsATHO,
cllerka HEOJHOpPOJIHA, B COOTBETCTBHE C HEOOJIBIINMHU
PacxXoXXACHUSMH B TEMIIEpaType, KOTopoe HalI01anoch B
PEIIMKTOBOM M3JIyYCHUHU. Y 1adeW U1 Hac ABJIAETCA, YTO
panusst Bcenennas Obuta  HeperyisipHoit. [louemy?
OnHOPOJHOCTH XOpOILA, €CIM Bbl HE XOTUTE OTIEIICHHUS
CIIMBOK OT Balllero MOJIOKA, HO ogHOpoxaHas BceneHnas -
ckyuHas Bcenennas. HepaBHomMepHOCTH B  paHHEM
BceneHHOlM BaKHBI, IIOTOMY 4YTO, €CJIM HEKOTOpPBIE
00/1acTH MMEJIM HEMHOI'YI0 OOJbIIYI0 IJIOTHOCTh, Ye€M
JIpyrue, IpaBUTALMOHHOE MPUTSDKEHUE STOW OoJbliei
IUIOTHOCTH 3aMeJUIMJIO Obl pacuIMpeHHe 3TOro o0jacTw,
OTHOCHUTEJIHO €ro OKpykKeHus. Tak Kak cuiia rpaBUTalluU
MEIJIEHHO cOOMpaeT MaTepuio BMECTE, 3TO MOXKET B
KOHEYHOM cueTe [pUBECTM K €€ KoJulamncy, ¢
nociaeayommuM  (HOpMUPOBAaHMEM TalaKTUK U 3BE3[,
KOTOpBIE MOTYT MOPOAUTH IJIAHETHI U, [0 MEHbILIEH Mepe
B OJHOM Clyd4ae, JIIOAEH. B3risHuTe BHHUMATEIbHO Ha
KapTy MUKpPOBOJIHOBOT'O He0a. DTO KOIUs BCEH CTPYKTYpPHI
Bcenennoit. Mbl - NpoAyKT KBaHTOBBIX (IYKTyauui
(konebanuii) B oveHb paHHedl Bcenmennoit. Kro-To
pPEeTUTrno3HBI MOTr OBl CKa3zaTh, 4TO bor aelcTBUTENBHO
UTpaeT B KOCTH.

almost as high. That is why inflation predicts that
the early universe is likely to be slightly
nonuniform, corresponding to the small variations
in the temperature that were observed in the
CMBR. The irregularities in the early universe are
lucky for us. Why? Homogeneity is good if you
don’t want cream separating out from your milk,
but a uniform universe is a boring universe. The
irregularities in the early universe are important
because if some regions had a slightly higher
density than others, the gravitational attraction of
the extra density would slow the expansion of that
region compared with its surroundings. As the
force of gravity slowly draws matter together, it
can eventually cause it to collapse to form galaxies
and stars, which can lead to planets and, on at
least one occasion, people. So look carefully at the
map of the microwave sky. It is the blueprint for
all the structure in the universe. We are the
product of quantum fluctuations in the very early
universe. If one were religious, one could say that
God really does play dice.



MuxpoBoHOBoIi poH. DTa KapTHHA HeOa co3aBanach 7 JeT
WMAP 1 onry6nukosana B 2010 rogy. OHa moka3bsiBaeT
TeMIiepaTypHble (QIyKTyannu, 0003HaueHHBIE Pa3HOCTHIO IIBETOB,
nmatupoBaHHbBIe 13.7 Mupa. et Hazan. KaptuHa QurykTyaruii
COOTBETCTBYET Pa3HOCTH TEMIIEPATyp B THICSUHYIO JIOJIO Ipajxyca Ha
CTOTpayCHOM 1mKaie. Bce oHM ObITH ceMeHaMu, KOTOPBIE BHIPOCIIH,
YTOOBI CTATh TaTaKTHKAMHU.

Orta uzaes NpUBOANT K B3Iy Ha BeeneHHyro, koTopas
COBEPILIECHHO OTJIIMYHA OT TPAJULIMOHHOTO IIPEICTABIICHHUS,
U TpeOyeT, YTOObI MBI ONPENEIUINCh, YTO MBI TyMaeM 00
ucropurn  Bcenennoit. Jlms  Toro 4toOBI  chenarth
IIPEACKa3aHusl B KOCMOJIOTMH, HaM HYXXHO BBIYMCIIUTH
BEPOSITHOCTH PA3JIMYHBIX COCTOSIHUMN BCEH

The Microwave Background This picture of the sky was created from
seven years of WMAP data released in 2010. It reveals temperature
fluctuations—shown as color differences—dating back 13.7 billion years.
The fluctuations pictured correspond to temperature differences of less than
o thousandth of a degree on the Centigrade scale. Yet they were the seeds
that grew to become the galaxies. Credit: NASA/WMAP Science Team.

This idea leads to a view of the universe that is
profoundly different from the traditional concept,
requiring us to adjust the way that we think about
the history of the universe. In order to make
predictions in cosmology, we need to calculate the
probabilities of different states of the entire



Bcenennoii B HacrosimieM BpeMeHH. B ¢usmke 0OBIYHO
IPEIoJIaraloT HEKOTOPOE HAYaJbHOE COCTOSIHME IS
CUCTEMbl U SKCTPAaNOJUPYIOT €€ BIIepe] BO BPEMEHH,
UCIIOJIb3Ysl PEJIEBAHTHBIE MATEMAaTUYECKHE YPaBHEHUS.
B3sB cocTosiHMe cHUCTEMBI B OINpEAENIEHHOE BpPEMs,
CTaparoTCsi BBIYUCIHUTH BEPOATHOCTH TOTO, YTO CHUCTEMaA
OyIeT HaXOIUTHhCSI B HEKOTOPOM OTJIMYHOM COCTOSHUH B
OynymeMm. OOBIYHBIM MPEANOJIOKEHUEM B KOCMOJIOTHUH
ABIIIETCS TO, 4TO BceneHHas HMeeT €IWHCTBEHHYIO
OINpPEENICHHYI0O HCTOpUI0. MOJKHO, HCIOJIb3YSl 3aKOHBI
(bU3MKY, BBIYUCINUTD, KAK 3TO COCTOSHUE Pa3BUBAETCS CO
BpeMeHeM. B KOCMOJIOTMM MBI Ha3bIBa€M ATOT MOJAXO]
"pbottom-up" (cum3y BBepx). Ho ¢ Tex mop, Kak Mbl
IIPUHUMAEM B pacyeT KBAaHTOBYK Ipupony BceneHHnoi,
BBIPQXXEHHYIO COBOKYMHOCTBIO coObiTUil  DeliHMaHa,
BEPOSATHOCTb, 4YTO BceleHHas HaxoguTca celdac B
OIIPEACIEHHOM COCTOSIHUH, YBEJIMYMUBAETCS B
COOTBETCTBHE C YYE€TOM BCEX COOBITHM, KOTOpPHIC
YVAOBIETBOPSIOT ~ HE  MOTPAaHUYHOMY  YCJIOBHIO U
KOHEYHOMY  COCTOSIHMIO, BBI3bIBa€T COMHEHHE. B
KOCMOJIOTMH, APYTMMH CJIOBAMM, HEIb3sl CJIEAO0BaTh 3a
ucropuei BcemeHHONM CHM3y BBEpX, IOTOMY 4YTO
MpEeANnoaraercsi, 4ro €cTb €AUHCTBEHHAs pPa3BUTHE
COOBITUH, C YETKOW OTIPaBHOW TOYKOW M DSBOJIIOLUECH.
BwmecTto 3TOro Hy»XHO MPOCIEAUTH COOBITUS C BEPXY BHH3,
Ha3aj OT

universe at the present time. In physics one
normally assumes some initial state for a system
and evolves it forward in time employing the
relevant mathematical equations. Given the state
of a system at one time, one tries to calculate the
probability that the system will be in some
different state at a later time. The wusual
assumption in cosmology is that the universe has
a single definite history. One can use the laws of
physics to calculate how this history develops with
time. We call this the “bottom-up” approach to
cosmology. But since we must take into account
the quantum nature of the universe as expressed
by the Feynman sum over histories, the
probability amplitude that the universe is nowin a
particular state is arrived at by adding up the
contributions from all the histories that satisfy the
no-boundary condition and end in the state in
question. In cosmology, in other words, one
shouldn’t follow the history of the universe from
the bottom up because that assumes there’s a
single history, with a well-defined starting point
and evolution. Instead, one should trace the
histories from the top down, backward from the



Hacrosimiero BpemeHu. Hekotopeie coObiTust OyayT Oosee
BEPOATHBIMM, YE€M JpYIHM€, U 3Ta COBOKYIHOCTb, KakK
npaBWiio, OyJIeT MOTIJoNIeHa EIWHCTBEHHOM HCTOpueH,
KOTOpasi HAYMHAETCA ¢ Co3AaHus BceneHHoN U 1oCcTUraer
BBICILICH TOYKHM B COCTOSIHUU paccmoTpeHus. Ho Oymyt
pa3IuYHbE MCTOPUM JUISL  Pa3JIMYHBIX  BO3MOYKHBIX
coctossHuii BceneHHoi B HacTosiee Bpems. ITO
OPUBOIUT K PAJUKAIBHO OTIMYHOMY IPEACTABICHUIO
KOCMOJIOTMHM, U CBA3U MEXKIY HNPUYMHOW U CIEIACTBUEM.
CoObITHSA,  KOTOpbIE  NPUHAISIKAT  COBOKYIMHOCTH
@deliHMaHa, HE UMEIOT HE3aBUCHUMOI'O CYIIECTBOBAHUS, HO
3aBUCAT OT TOT'O, YTO U3MepsAeTcs. MBI CO34aEM UCTOPHUIO
HAIIUM HaOJI0/IEHUEM, a HEe UCTOPHIO, CO3IAI0IIYI0 HAC.

Wnes, uyto y BecenleHHOM HET YHUKAJIBHOW HE3aBUCHUMOM
OT HaOIIOAATENsI UCTOPUH, MOTJIO, KaXKETCsl, HAXOUTHCS B
IPOTUBOPEUYUH C ONPEICIEHHbIMUA (PaKTaMH, KOTOPBIE MBI
3HaeM. Morna 6bl OBITH O/IHa HCTOpHs, B KoTOpoit JlyHa
cnemnana u3 ceipa Poxdopa. Ho mbl 3amerunu, uto Jlyna
HE C/IeJIaHa U3 ChIpa, 4TO SABJISAETCS JYPHBIMHU BECTAMU IS
Melmiei. CrnegoBaTesibHO, HCTOPUH, B KOTOpbIX JlyHa
cAelaHa W3 Cblpa, HE COOTBETCTBYIOT TEKYLIEMY
COCTOSHUIO Hamed BceneHHOH, XOTS OHH MOIVIM OBl
COOTBETCTBOBATH JAPYrMM. JTO MOIJIO Obl MOXOJUTHh Ha
Hay4yHYI0 (PaHTAaCTUKY, HO 3TO HE TaK.

present time. Some histories will be more probable
than others, and the sum will normally be
dominated by a single history that starts with the
creation of the universe and culminates in the
state under consideration. But there will be
different histories for different possible states of
the universe at the present time. This leads to a
radically different view of cosmology, and the
relation between cause and effect. The histories
that contribute to the Feynman sum don’t have an
independent existence, but depend on what is
being measured. We create history by our
observation, rather than history creating us.

The idea that the universe does not have a
unique observer-independent history might seem
to conflict with certain facts we know. There might
be one history in which the moon is made of
Roquefort cheese. But we have observed that the
moon is not made of cheese, which is bad news for
mice. Hence histories in which the moon is made
of cheese do not contribute to the present state of
our universe, though they might contribute to
others. That might sound like science fiction, but
itisn't.



BaxHbIM ClleICTBHEM HUCXOIAIIErO MOAX0/1A SIBISETCS
TO, 4YTO €CTECTBEHHBIC 3aKOHBI IIPUPOJBI 3aBUCAT OT
ucropun BceneHHoil. MHorue ydeHble BeEpST, YTO
CYIIECTBYET €IMHAs TEOpHs, KOTOpas OOBSACHIET ITH
3aKOHBI TaK K€ KaK U (pu3nMuecKkre KOHCTAHTHI HMPUPOIBL,
TakMe Kak Macca OJIEKTPOHA WIM  Pa3sMEPHOCTH
npocTpaHcTBa-BpeMeHd. Ho Hucxonsmias KocMomorus
JUKTYET, YTO €CTECTBEHHBIE 3aKOHBI IPUPOJIbI, Pa3IUUHbI
JUISL pa3IMYHbIX HCTOPHUH.

PaccmoTrpuTe eCcTeCTBEHHYIO0 pa3MEpHOCTh BceseHHOM.
CornacHo M-teopuu, y MNpPOCTPAHCTBA-BPEMEHU €CTh
JIECATH NMPOCTPAHCTBEHHBIX U3MEPEHUM U OJTHO U3MEPEHHE
- Bpemsa. MWpges cocrour B TOM, 4YTO CEMb
IIPOCTPAHCTBEHHBIX ~ M3MEPEHUM  HACTOIBKO  CHJIBHO
HUCKPUBJIIEHBI, YTO Mbl HE 3aM€yaeM HX, OCTaBasiCh C
WUIFO3UEH, 4YTO BCE, YTO CYLIECTBYET, SBIIICTCS TpEMs
OCTaBIIUMUCS] MACIITAOHBIMU U3MEPEHUSMHU, C KOTOPHIMU
MBI 3HakKOMbl. OJIHMH U3 TEHTPAIbHBIX HEPEHIEHHBIX
BOIIpocoB B M. Teopuu ato: [louemy B Hamen Beenennoi,
HE CYyIIECTBYET OoJbllle MacIITA0OHBIX H3MEPEHUH, U
o4YeMy KaKue-TO U3MEPEHUSI CBEPHYTHI?

MHoruMm JroAsAM XoTenoch Obl ToJjarath, 4YTO €CTh
HEKOTOPBIA MEXaHU3M, KOTOPBIM 3acTaBisieT BCE KpOMe
TpeX MPOCTPAHCTBEHHBIX M3MEPEHUH CBOpPAUMBATHCS
CIIOHTaHHO. AJBTEPHATHUBHO, BO3MOXXHO B Hayaje BCE
WU3MEPEHHS OBUTH MAJICHPKUMH,

An important implication of the top-down
approach is that the apparent laws of nature
depend on the history of the universe. Many
scientists believe there exists a single theory that
explains those laws as well as nature’s physical
constants, such as the mass of the electron or the
dimensionality of space-time. But top-down
cosmology dictates that the apparent laws of
nature are different for different histories.

Consider the apparent dimension of the
universe. According to M-theory, space-time has
ten space dimensions and one time dimension.
The idea is that seven of the space dimensions are
curled up so small that we dont notice them,
leaving us with the illusion that all that exist are
the three remaining large dimensions we are
familiar with. One of the central open questions in
M-theory is: Why, in our universe, aren’t there
more large dimensions, and why are any
dimensions curled up?

Many people would like to believe that there is
some mechanism that causes all but three of the
space dimensions to curl up spontaneously.
Alternatively, maybe all dimensions started small,



HO MO HEKOTOPOH MOHSATHOM MPUYMHE PACIIUPUIINCH TPHU
MPOCTPAHCTBEHHBIX HU3MEPEHHs, A OCTaJbHBIE HET.
Kaxercs, oOHAaKo, YTO HET HUKAKOH JTUHAMHUYECKOU
NpUYUHBL 17151 BeeneHHOU, 4TOOBI OBITh YEeTHIPEXMEPHOM.
BmecTo 3TOr0 HHCXOAAIIAsE KOCMOJIOTHS MPEACKA3BIBACT,
YTO YHUCJIO MACIITA0HBIX MPOCTPAHCTBEHHBIX WU3MEPCHHIA
HE YCTAHOBJIEHO HUKAKUM  MPUHLUUIOM  (U3MKH.
Cy1iecTByeT KBaHTOBAsI BEPOSTHOCTD JUIsl KaXKJI0T0 YHMCIia
MacIITa0HBIX MPOCTPAHCTBEHHBIX U3MEPEHHUI OT HOJS 10
necsatb. CoBokynHocTh DeifHMaHa OMyCKaeT BCE U3 HUX
I KaXJ0M BO3MOXKHOM ucTopuu BcenenHoil, HO
HaOmoJleHue, 4ro y Hamedl BcenenHoil ectb Tpu
MacIITa0HBIX MPOCTPAHCTBEHHBIX HM3MEPEHHUs, BHIOHMpAET
MOJKJIACC UCTOPHM, Y KOTOPBIX €CThb CBOMCTBA, KOTOPHIE
MOXXHO HaOmonate. [lpyrumu cioBaMu, KBaHTOBas
BEPOSTHOCTb, YTO BeenenHnass umeet O0JbIe Uil MEHbIIE
4YeM TPU MacIITaOHBIX MPOCTPAHCTBEHHBIX H3MEpPEHU,
SBJISIETCSI  HEPEJICBAHTHOM, TOTOMY YTO MBI YK€
ONpEeNIEeTUIN, YTO Mbl HaxoauMcs Bo BceneHHol ¢ Tpems
MacIITaOHBIMU TTPOCTPAHCTBEHHBIMU M3MepeHusMu. [Toka
BEPOSATHOCTh ISl TPEX MAacCHITaOHBIX MPOCTPAHCTBEHHBIX
U3MEpEeHUil O0JbIlie HOJIS, HE UMEET 3HaUeHUs!, HACKOJIbKO
OHa Majia [0 CPAaBHEHUIO C BEPOSATHOCTBIO IS APYroro
yHyclia U3MEpeHUil. DTO IMOX0XKE Ha BEPOSITHOCTb, UTO
JEHCTBYIOLINH I1arla PUMCKHI

but for some understandable reason three space
dimensions expanded and the rest did not. It
seems, however, that there is no dynamical reason
for the universe to appear four-dimensional.
Instead, top-down cosmology predicts that the
number of large space dimensions is not fixed by
any principle of physics. There will be a quantum
probability amplitude for every number of large
space dimensions from zero to ten. The Feynman
sum allows for all of these, for every possible
history for the universe, but the observation that
our universe has three large space dimensions
selects out the subclass of histories that have the
property that is being observed. In other words,
the quantum probability that the universe has
more or less than three large space dimensions is
irrelevant because we have already determined
that we are in a universe with three large space
dimensions. So as long as the probability
amplitude for three large space dimensions is not
exactly zero, it doesn’t matter how small it is
compared with the probability amplitude for other
numbers of dimensions. It would be like asking
for the probability amplitude that the present pope



- KuTaen. Mpl 3HaeM, 4TO OH HEMEII, JIa)ke MPU TOM, YTO
BEPOSATHOCTh, YTO OH - KHTaell, BHIIIC, MOTOMY OOJBIIE
KUTAlIIeB, YeM HeMIeB. TOYHO Tak K€ MBI 3HAEM, 4TO
Haiia BcenenHast nposiBIIIET TPU U3MEPEHUS, U TakK, JaxKe
Py TOM, YTO JPYroe YHCIO HU3MEPEHHA MOXKET HUMETh

OOJBIIYI0O  BEpPOSITHOCTb, HAaM  MHTEPECHA  TOJIBKO
UCTOPUSIMU C TPEMSL.
Yro OTHOCUTEIIBHO CBEPHYTBIX U3MEpPEHU?

BcriomuauTte, uro B M-Teopuu TouHas (opMa OCTaTbHBIX
CBEpPHYTBIX HW3MEPCHHH, BHYTPEHHEE IIPOCTPAHCTRBO,
OMPEACIISAIOT U 3HAYCHUS (PU3NYCCKUX BEIUYHMH, TAKUX KaK
3aps JJCKTPOHA W TIPUPOJY B3aUMOJCUCTBHS MEXKIY
9JIEMEHTAPHBIMH YaCTUI[AMH, TO €CTh, CHJIbI IHPHPOJIBI.
Beuto Ob1 sicHO, ecnu O M-TEOpHS IMO3BOJHIIA TOJBKO
OJTHO COCTOSIHAE JIISi CBEPHYTBIX H3MEPCHUH, WM
BO3MOYXHO HECKOJIBKO WJIH BCE, HO OJHO M3 KOTOPBIX,
BO3MOXXHO, OBLJIO HMCKJIIOUEHO HEKOTOPBIMU CPEACTBAMH,
OCTaBJISII HAC TOJIBKO C OJHOW BO3MOXKHOCTBIO IS
HAOI0/TaeMBIX 3aKOHOB MPHPOABI. BMecTo 3TOro ecthb
BEPOSITHOCTH I, BO3MOXHO, 1enbix 10 B crenenu 500
pa3MYHBIX BHYTPEHHUX TMPOCTPAHCTB, KaXI0e U3
KOTOPBIX MPUBOJUT K PA3IMYHBIM 3aKOHAM W 3HAYCHUSIM
TSt pU3NYECKUX KOHCTAHT.

is Chinese. We know that he is German, even
though the probability that he is Chinese is higher
because there are more Chinese than there are
Germans. Similarly, we know our universe
exhibits three large space dimensions, and so even
though other numbers of large space dimensions
may have a greater probability amplitude, we are
interested only in histories with three.

What about the curled-up dimensions? Recall
that in M-theory the precise shape of the
remaining curled-up dimensions, the internal
space, determines both the values of physical
quantities such as the charge on the electron and
the nature of the interactions between elementary
particles, that is, the forces of nature. Things
would have worked out neatly if M-theory had
allowed just one shape for the curled dimensions,
or perhaps a few, all but one of which might have
been ruled out by some means, leaving us with
just one possibility for the apparent laws of nature.
Instead, there are probability amplitudes for

perhaps as many as 10599 different internal
spaces, each leading to different laws and values
for the physical constants.



Ecnu Bbl Boccosmaere ucrtopuio BceneHHOW CHH3Y
BBEPX, HET HUKAKOM INpUYMHBI, 4TO BceneHHas nomkHA
3aKOHYUTBCSI C BHYTPEHHMM IIPOCTPAaHCTBOM  JJIS
B3aUMOJICHICTBUI YaCTHIBI, KOTOpPHIE MBI (PAKTUYECKH
HaOrofaeM, cTaHAapTHas MoJenb  (B3auMozelcTBue
3JIEMEHTApHbIX yacTullbl). Ho mpu HHUCXOoAAEM NOAXOME
MBI IIPU3HAEM, YTO BCEJICHHBIE CYILECTBYIOT CO BCEMH
BO3MOKHBIMM  BHYTPEHHMMM  IIpOoCTpaHcTBamu. B
HEKOTOPBIX BCEJICHHBIX MIEKTPOHBI UMEIOT BEC MAYEH I
roibda U CUila TPAaBUTALUU CHIIbHEE, YeM TO MarHeTH3M.
VY Hac npuMeHsieTcs CTaHJapTHas MOJEIb, CO BCEMM €€
rapamMeTpaMH. MoxHo paccuuTaTh aMIUIUTYy
BEPOATHOCTH JII BHYTPEHHETO IIPOCTPAHCTBA, KOTOPAs
IPUBOAUT K  CTAaHAAPTHOM  MOJEIM  HCXOOd U3
0e3rpaHn4HbIX ycaoBUH. Kak ¢ BEpOSTHOCTBIO TOTO, UTO Y
BcenenHoii ecth Tpu MaciITaOHBIX MPOCTPAHCTBEHHBIX
U3MEPEHMs, HE HMMEET 3HA4YCHUsS, HACKOJIBKO Maja dTa
aMIUIUTYla  OTHOCUTENBHO  JIPYrUX  BO3MOXHOCTEW,
MIOTOMY 4TO MBI YK€ 3aMETHJIH, YTO CTaHAApTHas MOJEIb
ONMCHIBAET Hally BeeneHnyto.

Teopus, KOTOPYIO MBI OIIMCBIBAEM B ITOU IlIaBE, MOXKET
ObITh TNpOBEpEeHa Ha NpakTHKe. B mpenmecTByrommx
npuMepax Mbl IOAYEPKHYIM, 4YTO OTHOCHUTEIBHBIE
aMIUIUTYbl BEPOSTHOCTH JUIS PAaJUKAIBHO Pa3IMYHBIX
BCEJIEHHBIX, TAKUX KaK T€, Y KOTOPBIX YMCIIO MACIITAOHBIX
IIPOCTPAHCTBEHHBIX W3MEPEHUW pa3JINdYHO, HE HMEIOT
3HAYCHMUS.

If one builds the history of the universe from
the bottom up, there is no reason the universe
should end up with the internal space for the
particle interactions that we actually observe, the
standard model (of elementary particle
interactions). But in the top-down approach we
accept that universes exist with all possible
internal spaces. In some universes electrons have
the weight of golf balls and the force of gravity is
stronger than that of magnetism. In ours, the
standard model, with all its parameters, applies.
One can calculate the probability amplitude for the
internal space that leads to the standard model on
the basis of the no-boundary condition. As with
the probability of there being a universe with three
large space dimensions, it doesn’t matter how
small this amplitude is relative to other
possibilities because we already observed that the
standard model describes our universe.

The theory we describe in this chapter is
testable. In the prior examples we emphasized that
the relative probability amplitudes for radically
different universes, such as those with a different
number of large space dimensions, don’t matter.



OTtHocuUTeNbHbBIE aAMIUIUTY/IbI BEPOATHOCTH TUISE
rpaHuyamux (To €cCTh, MOJOOHBIX) BCEJICHHBIX, OJHAKO,
BaXHbl. be3rpaHuuHble YCIOBHUS MOJPa3yMEBAIOT, YTO
aMIUTUTY/Ia BEPOSATHOCTH HanOoJiee BHICOKA JJIsi UCTOPHIA,
B KOTOpbIX BceneHHass HauMHaeTCs  COBEPILEHHO
OJIHOPOJIHOM. AMIUIMTYJa YMEHBILIAETCS JIsl BCEJICHHBIX,
KOTOphle 0ojiee HEpaBHOMEPHBI. JTO O3HA4yaeT, uTo
pannss Bcenennast Obiia OBl MMOYTH OJHOPOJIHOW, HO C
MaJIeHbKUMH HepaBHOMepHOCTsIMH. Kak Mbl oTMeTuiu,
MBIl MOXEM HaOJNI0AaTh 3TU HEPAaBHOMEPHOCTH B BHJIC
MaJIeHbKUE BapuvallMidi B MHUKPOBOJHAX, HCXOISIIMX U3
pa3nuuHBIX HampaBieHuil B HeOe. Kak oOHapyXuioch,
OHH TOJHOCTBIO COTTIACYIOTCSI C TJIaBHBIMU TPEOOBAHUSIMU
Teopur WHQIAIMH; OJHAKO Oo0Jiee TOYHBIC H3MEPCHHUS
HEOOXOAMMBI, YTOOBI TIOJHOCTBIO JU(PEpPeHITMPOBATH
HUCXOJIAIIYIO TEOPUIO OT IPYTUX, U JTUOO MOATBEPAUTH €€,
an6o  ompoBeprHyTh. OHHM MOTYT XOpomio OBIThH
BBITIOJIHEHBI B OY/IyIIIEM C TIOMOIIBIO CITYTHUKOB.

CoTHu neT Ha3zaj JIIoAW AyMalld, 4YTo 3eMJisd YHUKalIbHa
U pacrojiokeHa B 1ieHTpe Bcenennoit. CeroiHs Mbl 3HaeM,
YTO CYIIECTBYIOT COTHM MWUIMAPAOB 3BE€3]l B Hallel
TaJlaKTUKe, OOJBIION WX TMPONEHT C IJIaHETAPHBIMU
CHUCTEMaMH, U COTHH MUJUIMAPJIOB TAJIAKTHK. Pe3ynbpTaThl,
ONMCAHHBIE B ATOMN

The relative  probability amplitudes for
neighboring (i.e., similar) universes, however, are
important. The no-boundary condition implies
that the probability amplitude is highest for
histories in which the universe starts out
completely smooth. The amplitude is reduced for
universes that are more irregular. This means that
the early universe would have been almost
smooth, but with small irregularities. As we've
noted, we can observe these irregularities as small
variations in the microwaves coming from
different directions in the sky. They have been
found to agree exactly with the general demands
of inflation theory; however, more precise
measurements are needed to fully differentiate the
top-down theory from others, and to -either
support or refute it. These may well be carried out
by satellites in the future.

Hundreds of years ago people thought the earth
was unique, and situated at the center of the
universe. Today we know there are hundreds of
billions of stars in our galaxy, a large percentage of
them with planetary systems, and hundreds of
billions of galaxies. The results described in this



rJlaBe, yKa3blBalOT, YTO caMma Haila BceneHHas - Takoke
OJlHA M3 MHOTHX, W YTO €€ HalJroJaeMble 3aKOHBI HE
ONpesieIeHbl  OJHO3HAaYyHO.  OJTO  JOJDKHO  OBITh
HEYTEUIMTEIbHO  JUIsI  T€X, KTO  Hajaesics, 4To
OKOHYaTeNbHAsl TEOpUs, TEOpUS BCEro, MPEACKaXKeT
OpUPOAY TOBCEIHEBHOW (U3UKU. MBI HE MOXeM
npejcKa3aTh JUCKPETHbIE OCOOCHHOCTH, TaKUe KaK YUCIIO
MacIITaOHBIX  IPOCTPAHCTBEHHBIX  HM3MEPEHHH WM
BHYTPEHHUX INPOCTPAHCTB, OINpPENENAOUMNX (pusnueckue
napameTpsl, KOTOpble MbI HaOmromaeM (Harmpumep, maccy
U 3apsijl 3JEKTPOHA M JIPYTHX 3JIEMEHTApHBIX YacTHUII).
Ckopee MBI HCIOJNB3yeM 3TH HH(PBI, YTOOBI BHIOPATH,
KaKHe UCTOPUH BHOCST BKJIaJ B cyMMy DeifHMaHa.

Mpbl, KaxeTcsi, XUBEM B KPUTUYECKMHA MOMEHT B
UCTOPUU HAyKH, B KOTOPOM MbI JIOJKHBI U3MEHHUThH CBOIO
KOHUENIMIO 33aJa4 M TOro, 4To JejaeT (PU3HUECKYIO
Teoputo npuemsemoi. Iloxoxe, 4To QyHAaMeHTalbHbIE
napamMeTpel W Jaxe ¢opma HaOII0IaeMbIX 3aKOHOB
OPUPOBI HE 00YCIIOBIIEHBI JIOTHYECKUM WU (PU3HYECKUM
npuHuunoM. [lapamerpsl MOryT mpUHMMATh MHOKECTBO
3Ha4YeHUH, a 3aKOHBI IPUHUMATH 00y GopMy, KOoTopas
OPUBOJUT K  CaMOCOIJIACOBAaHHOM  MaTeMaTH4ecKOu
TEOPUM, U OHHM JCHCTBUTENBHO MPUHUMAIOT pa3iIMyHbIe
3HAUEHUS U pa3iIuyHble GOPMBI B PA3JINYHBIX BCEJICHHBIX.
o0, BEPOATHO, HE  YJOBJIETBOPSET  HalIEMy
YEJIOBEUECKOMY  JKEIaHWI0 OBITh  OCOOEHHBIM  WIIH
OOHapPYKUTh aKKYpaTHBIH

chapter indicate that our universe itself is also one
of many, and that its apparent laws are not
uniquely determined. This must be disappointing
for those who hoped that an ultimate theory, a
theory of everything, would predict the nature of
everyday physics. We cannot predict discrete
features such as the number of large space
dimensions or the internal space that determines
the physical quantities we observe (e.g., the mass
and charge of the electron and other elementary
particles). Rather, we use those numbers to select
which histories contribute to the Feynman sum.
We seem to be at a critical point in the history
of science, in which we must alter our conception
of goals and of what makes a physical theory
acceptable. It appears that the fundamental
numbers, and even the form, of the apparent laws
of nature are not demanded by logic or physical
principle. The parameters are free to take on many
values and the laws to take on any form that leads
to a self-consistent mathematical theory, and they
do take on different values and different forms in
different universes. That may not satisfy our
human desire to be special or to discover a neat



MakeT, cojAepXkamuii Bce 3aKOHBl (U3UKH, HO ITO,
Ka)KeTCsl, IEHCTBUTENBHO OCOOEHHOCTD ITPUPO/IBI.

[Toxoxe, ecTh OecKpailHMI TMei3ax BO3MOXKHBIX
BCeleHHbIX. OpHako, Kak Mbl YBUAMM B ClEIyHOLIEH
[JIaBE€, BCEJICHHbIE, B KOTOPBIX MOJKET CYLIECTBOBATH
KU3Hb TON00HO Hamie, penkd. Mbl XKHBEeM B TOH, B
KOTOPOM KU3Hb BO3MOXKHA, HO eciu Obl Bcenennas Obuia
BCErO JIMIIb HEMHOI'O OTJIMYHA, TO CYILECTBA, KAK MbI, HE
Moriu Obl cymiecTBoBaTh. Kak MOXKHO pacleHUBaTh 3Ty
TOYHYIO HACTpOWKY? SIBiseTCs JIM 3TO CBUAETEILCTBOM
Toro, uyrto BcenenHas Bce-Taku ObUTa CIPOCKTHPOBAHA
0J1arockJIOHHBIM co3garenemM? Wnu Hayka mnpeasaraer
npyroe oobsicHeHue?

package to contain all the laws of physics, but it
does seem to be the way of nature.

There seems to be a vast landscape of possible
universes. However, as we'll see in the next
chapter, universes in which life like us can exist
are rare. We live in one in which life is possible,
but if the universe were only slightly different,
beings like us could not exist. What are we to
make of this fine-tuning? Is it evidence that the
universe, after all, was designed by a benevolent
creator? Or does science offer another
explanation?
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KHTAIZLII)I PACCKAS3LBIBAIOT O BPEMEHMU B

rofael mpasiaeHus auHactud Cs (2205 - 1782 mo PX),
KOTJ]a Ha HaleM HeOe MPOU30IIUIA BHE3aTHbIE H3MEHEHUS.
Ha nebe mosiBuiiocs Heckosibko conHI. Jlronu Ha 3emie
OUEHb CTpajajid u3-3a JKapbl, IO3TOMY HUMIEPATOP
IpUKa3ajl U3BECTHOMY JYYHHUKY COUTH JIMIIHHE CBETHJIA.
JlyaHuk ObLT HarpakJeH cHazo0beM, KOTOpPOe /Ienaio Obl
ero OecCMepTHBIM, HO €ro jKEeHa yKpaja ero. 3a 3To
IIPECTYILICHUE €€ U3rHaiu Ha JIyny.

Kuraiiupl ObulM mpaBbl, CyuTas, 4YTO COJIHEYHAs
CUCTEMA C JECATHbIO COJHIIAMM HE MOJIXOIUT JUIS JKU3HU
yejnoBeka. Temepp Mbl 3HaeMm, 4To, oOecreyuBas
W3JMITHAM ~ TEIUIOM, J00as COJIHEYHas CHCTeMa C
HECKOJIBKUMH COJIHIIAMM BEPOSITHO HUKOT/A HE IO3BOJIUT
pa3BuThes xKu3HU. Ho mpuumHa Bce-Taku COBCEM HE Tak
npocta, Kak "oOuraromiee IMekJI0" M3 KUTAHCKOM
nerenapl.  dakThuecku, IJIAaHETA  MOXET  HMETh
NOAXOJAUIYI0 TEMIEPATypy JAaXke C  HECKOJBKUMHU
CONHIAMH, XoTs Obnl Ha Hekoropoe BpeMmsa. Ho
pPaBHOMEpPHOE HAarpeBaHHWE B TEUEHUE MPOJOJKUTEIBLHOTO
BPEMEHM, CHUTyalus, Kazajochb Obl, MOAXOAsMIas MAJis
KHU3HH, HE o0elana 6bl HU4ero xopoiero. YtoObl MOHATH
o4eMy, JaBalWTe pacCMOTPUM, YTO NPOHU30MIET B
CUCTEME ITPOCTEHMIIETO THIIA C IBYMS COJIHIIAMH, KOTOpas

THE CHINESE TELL OF A TIME during the
Hsia dynasty (ca. 2205—ca. 1782 BC) when our
cosmic environment suddenly changed. Ten suns
appeared in the sky. The people on earth suffered
greatly from the heat, so the emperor ordered a
famous archer to shoot down the extra suns. The
archer was rewarded with a pill that had the power
to make him immortal, but his wife stole it. For
that offense she was banished to the moon.

The Chinese were right to think that a solar
system with ten suns is not friendly to human life.
Today we know that, while perhaps offering great
tanning opportunities, any solar system with
multiple suns would probably never allow life to
develop. The reasons are not quite as simple as the
searing heat imagined in the Chinese legend. In
fact, a planet could experience a pleasant
temperature while orbiting multiple stars, at least
for a while. But uniform heating over long periods
of time, a situation that seems necessary for life,
would be unlikely. To understand why, let’s look
at what happens in the simplest type of
multiple-star system, one with two suns, which is



Ha3bIBaeTCsl OMHApHOW cucTteMoil. OKOJIO MOJOBUHBI BCEX
3Be31 Ha HeOe BXOIAT B Takue cucreMbl. Ho naxke
pOCThie OMHAPHBIE CUCTEMbl MOTYT UMETh CTaOWIIbHBIC
OpOUTHI TOJIBLKO OompeaesieHHoro tumna. Ha kaxaon u3 aTux
opOuT, BEepOsATHO, Oy/IeT MOMEHT, KOT/Ia Ha IJlaHeTe OyieT
aU00 CIUIIKOM KapKo, JINOO CIIHMIIKOM XOJIOJAHO, YTOOBI
NONJEpKUBaTh KU3Hb. FEmie Xxyxke curyanus uis
CKOTUICHHS OOJIBILIETO KOJTMYECTBA 3BE3/I.

Hama  conmneunas  cuctema  uMeeT  APYTylo
"cyacTiMBYIO" 0COOEHHOCTh, 0€3 KOTOpPOH CIIOKHBIC
JKU3HEHHBbIE (OPMBI HUKOTJa Obl HE CMOIJIA Pa3BUTHCS.
Hanpumep, 3akonsl HbroTOoHa paspemaror opOuTam
IUTAHET UMETh MO0 (HOpMy OKPYKHOCTH, JHOO 3IUIHIICA
(Onnuncel  ABISIOTCSA  CIUIIOIIEHHBIMM  OKPYXHOCTSIMHU,
HIMpe MO OJHOW ocu M yxe mo Apyroit). CremeHs, C
KOTOpOii AITUIICHI CIUTIOILIEHBI, Ha3bIBACTCS
"IKCLIEHTPUCUTET", 3HAYEHUE KOTOPOrO JIEKHUT MEXIY
HyJIEM W eAUHUIEH. DKCHEHTPUCUTET, OJMU3KUI K HYJIIO,
o3HavaeT, uto Qopma OnM3Ka K OKPYXKHOCTH, a
SKCLEHTPUCUTET, OJMU3KUM K €IWHHLE, O3HAyaeT, YTo
dopma ouenp crumomieHa. Kemmep ompoBepr uaero, 4To
MJIAaHETHI HE BPAIIAIOTCS 10 UACATBHBIM OKPY>KHOCTSIM, HO
opOUTa 3eMIM HMMEET OKCICHTPUCHUTET OKOoJo 2
MPOLIEHTOB, YTO 03HAYAET MOUTHU HIEATIbHYIO OKPYKHOCTD.
Kak oka3biBaercs, 3TO - CYACTJIMBOE CTEUYEHHE
00CTOSITENTBCTB.

called a binary system. About half of all stars in the
sky are members of such systems. But even simple
binary systems can maintain only certain kinds of
stable orbits, of the type shown below. In each of
these orbits there would likely be a time in which
the planet would be either too hot or too cold to
sustain life. The situation is even worse for
clusters having many stars.

Our solar system has other “lucky” properties
without which sophisticated life-forms might
never have evolved. For example, Newton’s laws
allow for planetary orbits to be either circles or
ellipses (ellipses are squashed circles, wider along
one axis and narrower along another). The degree
to which an ellipse is squashed is described by
what is called its eccentricity, a number between
zero and one. An eccentricity near zero means the
figure resembles a circle, whereas an eccentricity
near one means it is very flattened. Kepler was
upset by the idea that planets dont move in
perfect circles, but the earth’s orbit has an
eccentricity of only about 2 percent, which means
it is nearly circular. As it turns out, that is a stroke
of very good fortune.



JBoiinbie OpouTsl. [InaneTs!, Bpammaronyecs B CHCTEMax JIBOMHBIX
3Be3[l, BEPOSITHO, OYAyT UMETh HEMPHBETIIMBYIO TIOT0Oly, B KAKHAE-TO
CE30HBI OYJIET CIHIIKOM >KapKo AJISl )KHU3HH, B IPYTUE CIUIIKOM
XOJIOJTHO.

Iloromnble  ce30HHBIE  mepuoabl  Ha  3emuie
ONpEENAOTCS, B OCHOBHOM, HAKJIOHOM 3€MHOM OCH
BpAlLlleHUsT OTHOCUTEIBHO IUIOCKOCTH CBOEH OpOMTHI
Bokpyr ConHima. 3MMOMl B CEBEpHOM IOJyLIAPHH,
HanpuMep, CEBEpHBIA Moiitoc oTKIOHEH oT ComnHua. Tor
¢dakT, 4TO B 3TO BpeMs 3emiid HaxXOJIUTCS Ha CamMoOM
6nmu3koM paccrostHuu K ConHiy - 91.5 MHIIIMOHOB MU,
B ouinune oT 94.5 Muip

Binary Orbits Planets that orbit binary star systems will probably have
inhospitable weather, in some seasons too hot for life, in others, too cold.

Seasonal weather patterns on earth are
determined mainly by the tilt of the earth’s axis of
rotation relative to the plane of its orbit around the
sun. During winter in the Northern Hemisphere,
for example, the North Pole is tilted away from the
sun. The fact that the earth is closest to the sun at
that time—only 91.5 million miles away, as
opposed to around 94.5 million miles away from



B HayaJie UI0JIA - HE3HAUUTENIbHO BIUSET HA TeMIepaTypy,
1o cpaBHEHHIO ¢ 3(dexToM oT HakiIoHa ee ocu. Ho s
IUTAHET, UMEIOLIUX OOJIBIION SKCIIEHTPUCHUTET, Pa3InuHbIe
paccrostaus ot ConHua wurpamT Oojibpiny0 poib. Ha
Mepkypun, Hanpumep, ¢ 20% 3KCUEHTPHUCUTETOM,
temneparypa Ha 200 rpangycoB no ®apeHrelTy BBILIE,
Korja IuiaHeta npuOmmkaercs k ComnHily (mepurenuit),
YeM KOrJja OHa HaXOJUTCS Ha CaMOM JIaJIEKOM PacCTOSIHUM
or Comama (adenumii). DakTuyeckw, ecid  ObI
OKCLUEHTPUCUTET 3E€MHOM OpOUTHI NpUOIMXKAICA K
€MHMIIE, HAIIM OKEaHbl 3aKHUIENH, KOT/Ia Mbl JIOCTHTaIH
Onmxkaiiel Touku Kk CosHIly, M 3aMep3aii, Koraa Obl Mbl
yIaJsuIuCh, HE CO37aBasi MPUSATHBIX YCIOBUHM 7Sl OTIyCKa
HU 3UMOM, HHU JeToM. bonbmoil  opOuTanbHBIM
SKCLIEHTPUCUTET HE OJIarOnpHsITeH IJS KU3HH, TOITOMY
HaM [IOCYaCTJIMBWJIOCh, YTO Hallla IUJJaHETa MMEET
9KCHEHTPUCUTET, OJIU3KUI K HYIIO.

the sun in early July—has a negligible effect on the
temperature compared with the effect of its tilt.
But on planets with a large orbital eccentricity, the
varying distance from the sun plays a much larger
role. On Mercury, for example, with a 20 percent
eccentricity, the temperature is over 200 degrees
Fahrenheit warmer at the planet's closest
approach to the sun (perihelion) than when it is at
its farthest from the sun (aphelion). In fact, if the
eccentricity of the earth’s orbit were near one, our
oceans would boil when we reached our nearest
point to the sun, and freeze over when we reached
our farthest, making neither winter nor summer
vacations very pleasant. Large orbital eccentricities
are not conducive to life, so we are fortunate to
have a planet for which orbital eccentricity is near
Zero.



IKCHEHTPUCHTEThI. DKCLIEHTPUCUTET - Mepa OJIM30CTH AIUIMIICA K
Kpyry. KpyroBeie opOUTHI SBISIOTCS IPYKECTBEHHBIMHU IO
OTHOIIICHHIO K JKU3HHM, B TO BPeMsI Kak OYeHb Y/UIMHEHHBIC OPOUTHI
TIPUBOJIAT K OOJIBIINM CE30HHBIM KOJICOaHUSIM TEMIICPaTypHl.

Takxe ynaya B COOTHOLIEHUHM Macchl Hamero CoJiHLa
u paccrosauu oT Hero. Ilotomy uro macca CoiHia
onpeensieT KOJIUYeCTBO SJHEPTUH, KOTOPOE OHO BBICIISIET.
Bonpimme 3Be3apl MMEIOT Maccy, OOJbINEe COJHEYHOM,
0ojiee YeM B COTHH pa3, TOT/la KaK MaJeHbKHE - B COTHH
pa3 mensbie. U emne, mpeamnomnaras, 9To JUCTAHITUS MEXKITY
3emner n CoJiHIIEM ocTaeTcd Takoi ke, a Hame CoHie
uMeno 061 maccy Ha 20% MeHbIIe W 00JIbIIIe,

Eccentricities Eccentricity is @ measure of how near on ellipse is to @
circle. Circular orbits are friendly to life, while very elongated orbits result
in large seasonal temperature fluctuations.

We are also lucky in the relationship of our
sun’s mass to our distance from it. That is because
a star’s mass determines the amount of energy it
gives off. The largest stars have a mass about a
hundred times that of our sun, while the smallest
are about a hundred times less massive. And yet,
assuming the earth-sun distance as a given, if our
sun were just 20 percent less or more massive, the



TO Ha 3emye ObUTO OBI XOJIOAHEE, YeM ceituac Ha Mapce,
WM JKapye, ueM Ha Benepe.

OO0bIuHO, paccMaTpuBas KaKyr-ITn0O 3BE3[y, yUCHBIE
ONPENIESAI0T MPUTOJHYIO ISl KU3HM 30HY, KaK Y3KOe
MIPOCTPAHCTBO BOKPYT 3BE3/IbI, B KOTOPOH TeMIiepaTypa
MO3BOJISIET CYIIECTBOBaTh BOJE B JKUJKOM COCTOSIHUH.
[Ipuroanyro sl )KU3HUW 30HY MHOTJIa HA3bIBAIOT '"30HOMU
3naTtoBiacku", MOTOMY YTO YCIIOBHE, YTOOBI Bojaa ObLia
JKUJIKOM, O3HA4YaeT, 4yTO MOA0O0HO 311aTOBIIaCcKe, Pa3BUTHE
pa3yMHOM >KH3HU TpeOyeT, YTOoObI TeMIlepaTypa IUIaHEThI
Obuta "B camblii pa3". IlpuromgHas myis KU3HM 30HA B
Hallell COJIHEUHOM CHUCTEME, OIMCAHHAS BBIIIE, SBIISCTCS
oueHb y3koil. K cuacTeio /g TeX, KTO HaZeleH pasyMoM,
3emJyis yroauia B Hee!

earth would be colder than present-day Mars or
hotter than present-day Venus.

Traditionally, given any star, scientists define
the habitable zone as the narrow region around
the star in which temperatures are such that liquid
water can exist. The habitable zone is sometimes
called the “Goldilocks zone,” because the
requirement that liquid water exist means that,
like Goldilocks, the development of intelligent life
requires that planetary temperatures be “just
right.” The habitable zone in our solar system,
pictured above, is tiny. Fortunately for those of us
who are intelligent life-forms, the earth fell within
it!



3ona 3naroBaacku. Ecimu 651 3maToBnacka npoBepsiia IIAHETHI, TO
oOHapy>xuia Obl, 9YTO TOJBKO HAXOMAAIINECS B 3€JIEHON 30HE
TIPUTOHBI JUTs skn3HH. JKenras 3Be3/1a peACTaBIIseT Hallle
cobcrBenHoe CounHie. 3Be3/ipl Oenee — O0JIbIIe U JKapde, 3BE3/1bI
KpacHee — MeHbIIIe 1 XoJoHee. [1aHeTs!, pactonokeHHbIe OIKe K
cBouM CoJHIIaM, 4eM 3eJieHas 30Ha, ObII OBl CIIUIIKOM TOPSIYH JUIS
JKM3HH, & PacIloj0oKEeHHbIE JAabllle — CIUIIKOM XOJIO0AHBL. Pazmep
TOCTENPUMMHOM 30HBI MEHbIIIE IS O0JIee MPOXIa HbIX 3BE3I.

HproToH cumran, 4To Hama yAMBUTENbHAS, IPUTOJHAS
JUISl )KU3HU COJIHEYHAsl CUCTEMa HE "BO3ZHHUKIIA U3 Xaoca C
MOMOIIbIO 3aKOHOB MpHpoabl". HanpoTuB oH HacTauBai,
4TO MOpAaoK BO Bceenennoit Obu1 "cozman borom wu
MOJ/IEPKUBACTCA UM JI0 3TUX JHEH B TOM K€ COCTOSIHUU

Goldilocks Zone If Goldilocks were sampling planets, she'd find only
those within the green zone suitable for life. The yellow star represents our
own sun. The whiter stars are larger and hotter, the redder ones smaller
and cooler. Planets closer to their suns than the green zone would be too
hot for life, and planets beyond it too cold. The size of the hospitable zone
is smaller for cooler stars.

Newton believed that our strangely habitable
solar system did not “arise out of chaos by the
mere laws of nature.” Instead, he maintained, the
order in the universe was “created by God at first
and conserved by him to this Day in the same state



u Tex ke yciuoBusax". Jlerko moHSATh, MOYEMY OH TakK
aymal. MHOro HEBEPOATHBIX COBIAJAEHUN, KOTOpPBIE
OPOU30IUIM, YTOOBI JaTh HaM CyIIEeCTBOBaHUE, W
JIpY’KECTBEHHOE  4YEJIOBEYECTBY  YCTPOMCTBO  MHpa,
NEHCTBUTENFHO TPUBOIAT B 3aMELIATENIbCTBO, €CIU OBl
TOJILKO Hallla COJTHEYHas cucTeMa Obula eMHCTBEHHON BO
Bcenennoit. Ho B 1992 romy mnoctynuid TmepBbie
NOJTBEPK/ICHHBIE HAOMIONEHUS 3a OpOMTaMU IUIaHET
apyrux 3Be3n, kak Hame Connue. Teneps Mbl 3HaeM
COTHM TaKMX IUIaHET, U MOXKHO IMPEAINOJIOKUTh, YTO
CyLIECTBYET  MHOXECTBO  JIPyTMX  CpeId  MHOI'HMX
MUWIMapaoB 3Be3n B Hameld Bceenennoil. Ciyuaiinoe
COBIAJCHUE  HAIMX  IUIAHETapHbIX  YCJIOBUM -
eauHcTBeHHoe CouHlle, yjauHas KOMOMHAIUS pacCTOSHUS
Mexay 3emsied u CollHIIEM, a TakKe COJIHEYHas Macca -
ropaszio MEeHee YAMBUTEIBHO, YeM TO, YTO 3emiid Oblia
aKKypaTHO YyCTpO€Ha Kak pa3 s OJaronpusITHOTO
cyliecTBoBaHMsl  yesoBedyecTBa. CyllecTByeT MHOIO
pa3HbIX IutaHeT. Ha HEKOTOpBIX - MMHMMYM Ha OJHOH -
€CTb XKU3Hb. [IOHATHO, YTO KOTrJa »KUBBIE CYIECTBA Ha
IUTAHETEe, KOTOpasi MOAJEPKUBAET KU3Hb, M3Yy4alOT MHP
BOKpYT ce0si, OHU 0053aHbl MPU3HATh, YTO OKpPYXKaroIiast
UX  CcpeJa  COOTBETCTBYET  YCIOBUSAM  JUIsl  HX
CyLIECTBOBaHMs.  OJTO  TO3BOJIIET  IpeoOpa3oBaTh
NOCJIEIHEE YTBEPXKACHUE B HaydHbI npuHUuUI: VIMeHHO
Hallle CYI[ECTBOBaHHE YCTaHABIINBAET

and condition.” It is easy to understand why one
might think that. The many improbable
occurrences that conspired to enable our
existence, and our world’s human-friendly design,
would indeed be puzzling if ours were the only
solar system in the universe. Butin 1992 came the
first confirmed observation of a planet orbiting a
star other than our sun. We now know of
hundreds of such planets, and few doubt that
there exist countless others among the many
billions of stars in our universe. That makes the
coincidences of our planetary conditions—the
single sun, the lucky combination of earth-sun
distance and solar mass—far less remarkable, and
far less compelling as evidence that the earth was
carefully designed just to please us human beings.
Planets of all sorts exist. Some—or at least
one—support life. Obviously, when the beings on a
planet that supports life examine the world around
them, they are bound to find that their
environment satisfies the conditions they require
to exist.

It is possible to turn that last statement into a
scientific principle: Our very existence imposes



IpaBWia, OINpeAeNsIone, I/A€ W KOrJa BO3MOXKHO
Habmomate Mup. Cam (dakT Hamero CynecTBOBAHUS
BBOJUT OTPaHUYEHHUS Ha YCIIOBHUS OKpY)Karolllel Cpebl, B
KOTOPOM MBI HaxoJUMCS. OTOT NPUHIIMI Ha3bIBACTCA
c1abbIM  aHTPOINHBIM  MPUHIUIIOM  (0OYCIOBICHHBIN
BIMSHUEM 4enoBeka). (Mbl ckopo yBUAMM, HOYEMY
MPUMEHEHO TprIaraTenbHoe "cinadwiii'"). Bmecto TepMuna
"aHTPOMHBIA MpUHIMN" JIydiie ObUTO OBl MCHOIB30BATh
"IpUHIUIT 0TOOpA", TOTOMY YTO 3TOT MPUHITUI YKa3bIBACT
Ha TO, KaK HaIlM 3HAHMUS O HAIlIeM CYIIECTBOBAHUU
yCTaHABIMBAIOT MpaBWJIa, KOTOpbIE OTOMPAIOT M3 BCEX
BO3MOYKHBIX CP€/l, TOJIBKO T€ CPEAbl, YCIOBHS Ha KOTOPBIX
MO3BOJIIOT CYILIECTBOBATH )KU3HHU.

XOTsl 3TO MOXKET 3By4aTh HECKOJIbKO (Priiocodcku, HO
Ca0blif aHTPOIHBIN MPUHIIUI MOXET ObITh MCIIOJIb30BAaH,
yTOOBI JIeaTh HAay4HbIE MPOTHO3BI. Hampumep, CKOJIbKO
ner Bcenennoit? Kak Mbl BCKOpe YBHIIUM, JJIsl HAIIETO
cyliecTBoBaHMs BceneHHas 10JKHA Takue 3JE€MEHTHI Kak
yIIepoJ, KOTOpPbI  MPOU3BOJAUTCA HPU  TOPEHUH
3JIEMEHTOB BHYTPH 3B€3J. YTIIEPOJ JOKEH OBITh IMOTOM
pacmipocTpaHeH B MPOCTPAHCTBE B PE3yNbTaTe BCIIBIIIKH
CBEPXHOBOM 3BE€3/Ibl, M, B KOHEYHOM HTOT€, CTAaTh YacThIO
IJIaHEThl B BO BHOBb CO3/JaHHOW COJIHEUYHOM cucteme. B
1961 rony ¢wusuk PoGepr [uk mnokazan, YTO Takue
MPOIIECCH 3aHUMAIOT cBhIe 10 MuUTHApI0B

rules determining from where and at what time it
is possible for us to observe the universe. That is,
the fact of our being restricts the characteristics of
the kind of environment in which we find
ourselves. That principle is called the weak
anthropic principle. (We'll see shortly why the
adjective “weak” is attached.) A better term than
“anthropic principle” would have been “selection
principle,” because the principle refers to how our
own knowledge of our existence imposes rules
that select, out of all the possible environments,
only those environments with the characteristics
that allow life.

Though it may sound like philosophy, the weak
anthropic principle can be used to make scientific
predictions. For example, how old is the universe?
As we'll soon see, for us to exist the universe must
contain elements such as carbon, which are
produced by cooking lighter elements inside stars.
The carbon must then be scattered through space
in a supernova explosion, and eventually
condense as part of a planet in a new-generation
solar system. In 1961 physicist Robert Dicke
argued that the process takes about 10 billion



JeT, IOTOMY Hallle CYIECTBOBAaHUE O3HAYaeT, YTO Halla
Bcenennas nomkna ObITh MUHMMYM B3pociee. C apyroi
cTOpoHBI, Bcenennas He MoxeT ObITh MHOTO ctapire 10
MUJIMAPJIOB JIET, BE/b B AAJIEKOM OyayIleM BCE TOIJIMBO
3Be3/l OyzaeT BbIpaOOTaHO, a HaM Ul CYLIECTBOBaHMS
HY)KHbl Topsiune 3Be3nbl. (CrnenoBarenbHO,  Haulel
Bcenennoit okomo 10 MwuMapaoB Jer. OTO  HeE
JIOCTaTOYHO TOYHBIN IPOrHO3, HO 3TO IIOXO0KE Ha IIPaBay -
B COOTBETCTBHE C NOCIEIHUMU JaHHBIMU bosbioii B3peis
npou3sonien okojao 13.7 MuuIMapaoB JIeT Ha3al.

Kak u B cinydae ¢ Bo3pactom BcenenHoil, aHTponHbie
IPOrHO3bI JAI0T, OOBIYHO, psJl 3HAUEHUH ISl HEKOTOpPOM
(¢u3nuecKoil BEIMUYUHBI TOYHEE, YEM €€ BBIYUCIICHHE.
[loaTomy Hamie cyiiecTBOBaHHE, B TO BPEMsI KakK 3TO HE
Moo Obl MOTpeOoBaTh 0CO0OW LEHHOCTH HEKOTOPOTro
¢u3nveckoro mapamerpa, 4YacTo 3aBUCHUT OT TaKuX
[IapaMeTpoB, HE M3MEHAIOIIUXCS CIMIIKOM OT TOrO
3HaueHUs, KOTOPOe Mbl (aKTUUYECKHu uMeeM. MbI, K TOMy
e, MPEIIoylaraéM, YTO CYIIECTBYIOIIME YCIOBHUS B
HallleM MHUpE SBIAIOTCS TUIWYHBIMU JJI  YCJIOBHM
OTrpaHMYEHHBIX aHTPONHBIM NpUHIUNOM. Hanpumep, ecnu
TOJIbKO OTpaHUYEHHBbIE OpOUTAIbHBIE SKCIEHTPUCHUTETHI,
cKaxeMm, Mexay HyiaeM u 0.5, mo3BOJAT pa3BUBATHCA
KU3HHU, TO sKcueHTpucurer 0.1 Hac He yAMBUT, NOTOMY
4TO CpeaH BCEX IUIAHET BO BceneHHoi,

years, so our being here means that the universe
must be at least that old. On the other hand, the
universe cannot be much older than 10 billion
years, since in the far future all the fuel for stars
will have been used up, and we require hot stars
for our sustenance. Hence the universe must be
about 10 billion years old. That is not an extremely
precise prediction, but it is true—according to
current data the big bang occurred about 13.7
billion years ago.

As was the case with the age of the universe,
anthropic predictions usually produce a range of
values for a given physical parameter rather than
pinpointing it precisely. That's because our
existence, while it might not require a particular
value of some physical parameter, often is
dependent on such parameters not varying too far
from where we actually find them. We
furthermore expect that the actual conditions in
our world are typical within the anthropically
allowed range. For example, if only modest orbital
eccentricities, say between zero and 0.5, will allow
life, then an eccentricity of 0.1 should not surprise
us because among all the planets in the universe, a



BEPOSATHO, 3HAYUTENbHBIM MPOILEHT COCTABIISAIOT OPOUTHI C
TaKUM MaJIeHBKUM 3KcueHTpucureroM. Ho ecnmu  Ob
0Ka3aJI0Ch, YTO 3eMJIsl IepeMecTuiIach Ha OpOUTY C MOYTH
COBEPIICHHON OKPYKHOCTBIO, C OKCUEHTPUCUTETOM,
ckaxxkem, 0.00000000001, »t0 chemamo OBl 3eMITrO
JEUCTBUTEIILHO UCKIIOUNTEIILHOM MIIaHEeTOM, U 3aCTaBUIIO
Obl Hac HallTH OOBSICHEHHE, MOYEMY MbI KUBEM B TaKOM
YHUKQJIBHOM JOM€. OTa MHJesd HWHOIJA Ha3bIBACTCs
MIPUHIHUIIOM IOCPEACTBEHHOCTH.

CuacTiuBoe cTeYeHHE OOCTOSITENICTB B OTHOIICHUU
dbopMbI MIaHeTapHbBIX opouT, Macchl CoNlHIIA U TaK Janee
Ha3bIBACTCSl OHBAWPOHMEHTAIbHBIM (OTHOCSIIUHCA K
OKpYXKarolllel cpeje), MOTOMY UYTO OHHM BO3HUKAIOT U3
WHTYUTUBHOM TNPO30PJIMBOCTH HAalEHd OKPYKAIOIIECH
cpenbl, a HE M3 YyJayHbIX 3aKOHOB MNpupoasl. Bospact
BcenenHoli  Takke  SABIAETCA  OHBAWPOHMEHTAIbHBIM
(GakTOpOM, IOCKOJIBKY CYIIECTBYET paHHEe U II03](Hee
BpeMsi B HUCTOpUM BcelleHHO#, HO Mbl JOJKHBI KUTh
MMEHHO B 3TOM 3p€, IOTOMY UYTO MMEHHO 3Ta 3pa ABJIAETCS
MOAXOISIICH IS )KU3HU. DHBAMPOHMEHTAILHOE CTCUCHHE
OOCTOSATENILCTB ~ JIETKO  IOHATh, IIOCKOJIBKY  Halle
CYIIECTBYIOIIEE OKPYKEHHE SBISAETCA TOJIBKO OJHHUM
Cpeu MHOTHX, KOTOPBIE CYHIECTBYIOT BO BceneHHOM, u
MBI, OYEBHUJHO, JOJDKHBI CYIIECTBOBaTbh MMEHHO B TOM
MECTE, ITOCKOJIBKY B HEM MOJACPKUBACTCS JKU3HD.

CnaOsbrit AQHTPOIIHBI ~ NPHUHOMI  HE  CaMbId
nuckyccroHHbI. Ho cymectByer Gosee cuibHas (opwma,
KOTOPYIO MBI

fair percentage probably have orbits with
eccentricities that small. But if it turned out that
the earth moved in a near-perfect circle, with
eccentricity, say, of 0.00000000001, that would
make the earth a very special planet indeed, and
motivate us to try to explain why we find ourselves
living in such an anomalous home. That idea is
sometimes called the principle of mediocrity.

The lucky coincidences pertaining to the shape
of planetary orbits, the mass of the sun, and so on
are called environmental because they arise from
the serendipity of our surroundings and not from
a fluke in the fundamental laws of nature. The age
of the universe is also an environmental factor,
since there are an earlier and a later time in the
history of the universe, but we must live in this era
because it is the only era conducive to life.
Environmental coincidences are easy to
understand because ours is only one cosmic
habitat among many that exist in the universe,
and we obviously must exist in a habitat that
supports life.

The weak anthropic principle is not very
controversial. But there is a stronger form that we



Oynem 37ecb apryMEHTHUpOBaTh, XOTS K Hell cC
npeHeOpe)KeHNeM  OTHOCATCS ~ HEKOTOpble  (DH3UKH.
CwIbHBIA AHTPONHBIN MPUHLMUIT MPEAIOIAraeT, YTo caM
(bakT HaIIEro CyIIeCTBOBAHUS HAKJIAIbIBAECT OIPaHHYCHHUS
HE TOJBKO Ha HAIllM OKPYKAWIIYI CpeAay, HO U Ha
BO3MOXHYIO (OpMy M CYThb 3aKOHOB NPUPOABI Kak
TaKOBBIX. JTa UJES BO3HHUKJIA, TOTOMY YTO 3TH 3aKOHBI
SBIISICTCS HE TOJIBKO CHENU(PUIECKUMU XapaKTepUCTUKAMU
Hallell COJIHEYHOM CHUCTEMBI, KOTOpbIE YAMBUTEIBHO
HOJAXOJAT JUIsl BOSHUKHOBEHUS YEJIOBEUECKON >KU3HH, HO
TaKK€ U XapaKTepUCTHUKaMHM Bceil Haiiei BceneHHoi, u
3TO SIBJISIETCS ropaszio 0oJiee TPYAHBIM J1JIsl IOHUMAaHUS.

Ucropuss o ToM, Kak nepBuyHas BceneHHas,
cocrosilias U3 BOJOPOAA, Trenuss U HEOOJBIIOro
KOJIMYECTBa JIMTHUS SBOJIOLMOHMpOBaNa BO BceneHHyto,
JABUIYIO TPUCTAHMILE KAK MUHUMYM OJHOMY MHpPY C
pasyMHOW KHM3HBIO, TI0J00HOMY HalleMy, SIBJISETCS
HCTOpUEN BO MHOTHX I1aBax. Kak Mbl ynmoMuHalIA paHee,
CHJIBI TPUPOABI JOJKHBI ObUTM OBITh TAaKUMH, YTOOBI
TSKEJIbIE 3JIEMEHThl - OCOOEHHO YIJIEpOJ - MOIJIM OBITh
c(OpMHPOBaHbI U3 MEPBUYHBIX JIEMEHTOB, U OCTABATHCS
CTaOWUIIbHBIMU, KaK MUHUMYM, MUWIIUapasl jetr. U3 atux
TSDKETIBIX AJIEMEHTOB 00pa30BajIMch "ouyarn", KOTOpbIE MbI
Ha3bIBAEM 3BE3]aMH, TaK YTO 3TU CHUJIbl B HayaJle JIOJIKHBI
Obuin  chopMupoBaTh 3Be3Abl U TranmakTUku. OHHU
MPOU30LUIN U3 KPOXOTHBIX OJHOPOAHBIX YAaCTHUI] B paHHEH
Bcenennoi, KOoTopas Obula  TOYTH LETUKOM
OJTHOOOPAa3HOM,

will argue for here, although it is regarded with
disdain among some physicists. The strong
anthropic principle suggests that the fact that we
exist imposes constraints not just on our
environment but on the possible form and content
of the laws of nature themselves. The idea arose
because it is not only the peculiar characteristics of
our solar system that seem oddly conducive to the
development of human life but also the
characteristics of our entire universe, and that is
much more difficult to explain.

The tale of how the primordial universe of
hydrogen, helium, and a bit of lithium evolved to a
universe harboring at least one world with
intelligent life like us is a tale of many chapters. As
we mentioned earlier, the forces of nature had to
be such that heavier elements—especially
carbon—could be produced from the primordial
elements, and remain stable for at least billions of
vears. Those heavy elements were formed in the
furnaces we call stars, so the forces first had to
allow stars and galaxies to form. Those grew from
the seeds of tiny inhomogeneities in the early
universe, which was almost completely uniform



Oyraroapst BCe-Taku UMEIOIICHCS TIIOTHOCTH: PUMEpHO 1
yacte Ha 100000. Opgnako, cyilecTBOBaHHE 3BE3J, U
CYIIECTBOBAaHME BHYTPU OTUX 3BE€3]l DJIEMEHTOB, U3
KOTOPBIX MBI COCTOMM, HE SBJSETCS JOCTAaTOYHBIM
yCJIOBHEM. AKTHBHOCTH 3B€3]] JOJDKHA OBITh TaKOW, 4YTO
HEKOTOpbIe, B KOHEYHOM CUeTe, JOJDKHBI ObUIH
B30pBaThCs, U 0OOJiee TOro, B30PBATHhCS HWMEHHO TaKUM
o0pa3oM, YTOOBI BBIMYCTUTHh TSDKETbIC JJICMCHTHI B
kocmoc. K Tomy ke, 3aKOHBI IPUPOJIbI JOJIKHBI YKa3bIBATh
Ha TO, YTO 3THU BJICMEHTHI MOIJIM OBl OOBCAUHHTHECSI B
HOBYIO TONMYJISIMIO 3BE€3/, KOTOpPBIE, OKpPYKEHHBIE
TUTAHETaMH, BHOBb ObI (DOPMUPOBAIIN TSIKEIIBIE AJICMEHTHI.
DTH TOCIIeIOBATEIIbHBIC ONPEACIICHHBIC COOBITUS JOKHBI
OBLTM CIIYYHTBCS, TAKXKE KaK OIMPEICIICHHBIC COOBITHS
JMOJKHBI OBUIM TMPOM3OWTH HA paHHEH 3emie, uTo
MO3BOJIUTh Pa3BUThCA Hamiel ku3Hu. Ho B oTHOMIEHHH
COOBITHIA, TPUBENIINX K HBONIOIMU BceneHHOU, Takoe
pa3BUTHE  YOPABISUIOCH  OallaHCOM  CHJI  MPUPOJIBI,
B3aUMOJICCTBUE KOTOPBIX W TMPHUBEIO K HalIeMy
CYIIIECTBOBAHUIO.

OpHuM U3 TIEPBBIX, KTO MpUIIEN K 3ToMy, Obu1 Dpen
Xoun, B 1950 rogy. OH cuuTan, 4TO BCE XUMHUYECKHE
AJIEMEHTHI U3HAYaIbHO OBLITH C(hOPMHUPOBAHBI

but thankfully contained density variations of
about 1 part in 100,000. However, the existence of
stars, and the existence inside those stars of the
elements we are made of, is not enough. The
dynamics of the stars had to be such that some
would eventually explode, and, moreover, explode
precisely in a way that could disburse the heavier
elements through space. In addition, the laws of
nature had to dictate that those remnants could
recondense into a new generation of stars, these
surrounded by planets incorporating the newly
formed heavy elements. Just as certain events on
early earth had to occur in order to allow us to
develop, so too was each link of this chain
necessary for our existence. But in the case of the
events resulting in the evolution of the universe,
such developments were governed by the balance
of the fundamental forces of nature, and it is those
whose interplay had to be just right in order for us
to exist.

One of the first to recognize that this might
involve a good measure of serendipity was Fred
Hovle, in the 1950s. Hoyle believed that all
chemical elements had originally been formed



M3 BOJIOPO/Aa, KOTOPBIM, KaK OH MpeAnoyarai, SBIsICA
UCTUHHOW TepBUYHON cyOcranuueil. Bomopon wumeer
MpOCTEHIlIee aTOMHOE SIIPO, COCTOSIIEE TOJIBKO JUOO U3
OJIHOTO TPOTOHA, JUOO B KOMOWHAIIMK C OJHUM WIH
nBymsi HerTpoHamu. (Paznuunble ¢hopmbl BOogopoaa, WU
T000€ AIpO, UMEIOIIEE TO KE KOJIUYSCTBO MPOTOHOB, HO
pa3IMYHOE  KOJIMYECTBO  HEUTPOHOB  HA3bIBAKOTCA
nzoronamu). Temepb Mbl 3HAaeM, YTO TEIMU W JIUTHUH,
aTOMBI, YbH S7JPa COCTOST U3 JBYX U TPEX MPOTOHOB, OBLIN
TaK)K€ M3HAYaJIbHO CHHTE3UPOBAHBI, B TOPA3/I0 MEHbIIIEM
KOJIMYECTBE, Korjga Bo3pacT Bcenennoit 6pu1 Bcero 200
cexkyHa. JXu3Hb, ¢ JPYyrodl CTOPOHBI, 3aBHCHUT OT OoJee
CJIIOKHBIX D3JIEMEHTOB. YTJIepoj, HauOojee BaXKHBIH W3
HUX, SIBJISIETCS OCHOBOM JIJISl BCEM OPraHUYe€CKON XUMUH.
XOTsl KTO-TO MOXET CUUTATh '">KUBBIMU' OpraHu3Mamu
YMHBIE KOMIIBIOTEPHI, COCTOSIIINE U3 JAPYTUX AJIEMEHTOB,
TaKUX KaK KPEeMHHUU, COMHUTEIbHO, YTOOBI KU3Hb MOTJa
OBl CaMOIIPOU3BOJILHO PA3BUTHCSA B OTCYTCTBHE YTJIEpOJa.
[Ipuuunbl 11t 3Tor0 (HOpPMaTbHBL, HO HYKHO YUHUTHIBATH
TO YHHMKAaJIbHOE CBOMCTBO, KOTOPOE TO3BOJSET YIIEPOIY
COCIMHATBCA C JPYTMMHU  3JE€MEHTaMu. J[BYyOKHCH
yriepojia, Hampumep, SIBISAETCS Tra3oM NPH KOMHATHOM
TeMIeparype, 1 OMOJIOTMYECKH OYeHb MoJe3Ha. Tak Kak

from hydrogen, which he felt was the true
primordial substance. Hydrogen has the simplest
atomic nucleus, consisting of just one proton,
either alone or in combination with one or two
neutrons. (Different forms of hydrogen, or any
nucleus, having the same number of protons but
different numbers of neutrons are called
isotopes.) Today we know that helium and
lithium, atoms whose nuclei contain two and three
protons, were also primordially synthesized, in
much smaller amounts, when the universe was
about 200 seconds old. Life, on the other hand,
depends on more complex elements. Carbon is the
most important of these, the basis for all organic
chemistry.

Though one might imagine “living” organisms
such as intelligent computers produced from other
elements, such as silicon, it is doubtful that life
could have spontaneously evolved in the absence
of carbon. The reasons for that are technical but
have to do with the unique manner in which
carbon bonds with other elements. Carbon
dioxide, for example, is gaseous at room
temperature, and biologically very useful. Since



KPpEMHUI  HaXOOUTCS NOpsSMO TMOJA  YyIJIEpoJOM B
NEPUOANYECKON  Ta0iuie, OH  HMEET  IOXOXKHE
XxumMuueckue cBoiictBa. OHAKO, JBYOKHCh KpEMHUS,
KBapIl, ObLT OBl OOJIee MOJIe3eH B KOJUICKIIUY KaMHEH, 4eM
B OpraHu3Me uyesoBeka. (31ech Urpa cjIoB KpEeMHUH -
CUJIMKOH (aHrJ.), mepeB.). BO3MOXKHO, YTO KU3HEHHBIC
dbopMbl MOTIM OBl  DBOJIIOIMOHUPOBATH TaK, YTOOBI
KPEMHUI CUUTANICS JEIMKATeCOM, a TUIECKAUCh OBl MBI B
OacceifHe ¢ HaIaTBIPHBIM CHUPTOM. Jlake TakoW THIT
9K30TUYECKON KM3HU HE MOT OBl SBOJIOIMOHUPOBATH U3

[IEPBOHAYAIIBHBIX 3JIEMEHTOB, KOTOpBIE MOT'YT
dopMHpOBAaTH TOJIBKO JBE CTAOWIBHBIE CTPYKTYPHI,
TUAPUJ ~ JUTHUSL,  KOTOpPBIM  SBISETCS  NPOYHBIM
KPUCTAJUIMYECKUM OeCIIBETHBIM BEILECTBOM, u

BOJIOPO/IHBIN T'a3, HU OJIMH U3 HUX HE CIOCOOHO HE TOJIBKO
BOCIIPOM3BOAMTHCS, HO U jaxe "mroouts". U, pakTrueckn
IOJy4aeTcsi, 4TO Mbl SIBIsieMCs YIiaepoJHoW (opmoit
KU3HH, U 3TO CTaBUT BOMPOC O TOM, KaK YTJIEPOJ, Ube
PO CONEPKUT IIECTh MPOTOHOB, U JIPYTHE TsDKENbIE
9JIEMEHTHI OBLTH CO3/IaHbI B HAIIIUX TEJax.

[lepBbIif mIar mpou3omieNn, KOrjAa cTapble 3Be3/bl
Havald aKKyMYJIHpPOBATh TEJIHH, KOTOPHIA MPOU3BOINTCS,
KOTJa JIBa siipa BOAOPO/AA CTAIKUBAIOTCS M COETUHSIOTCS
Jpyr C APYroM. DTO CIUSHUE SBISETCS MPUYUHOW TOTO,
KakK 3Be3/bl CO3JAl0T PHEPruio, Kortopas Hac rpeer. [[Ba
aToMa rejus TNpU COEIUHEHUH OO0pa3yroT Oepuuini -
aToM, 4b€ SIIPO CONEPKUT deThlpe mpoToHa. Ilocie Toro
Kak oOpa3oBascs OepHLInii, OH MOXKET,

silicon is the element directly below carbon on the
periodic table, it has similar chemical properties.
However, silicon dioxide, quartz, is far more
useful in a rock collection than in an organism’s
lungs. Still, perhaps life-forms could evolve that
feast on silicon and rhythmically twirl their tails in
pools of liquid ammonia. Even that type of exotic
life could not evolve from just the primordial
elements, for those elements can form only two
stable compounds, lithium hydride, which is a
colorless crystalline solid, and hydrogen gas,
neither of them a compound likely to reproduce or
even to fall in love. Also, the fact remains that we
are a carbon life-form, and that raises the issue of
how carbon, whose nucleus contains six protons,
and the other heavy elements in our bodies were
created.

The first step occurs when older stars start to
accumulate helium, which is produced when two
hydrogen nuclei collide and fuse with each other.
This fusion is how stars create the energy that
warms us. Two helium atoms can in turn collide to
form beryllium, an atom whose nucleus contains
four protons. Once beryllium is formed, it could in



B TPUHLUIE, COEIWHUTCS C TpPEX SAEPHBIM TeIHeM,
dopmupyst yriepoa. Ho 3Toro He mpOUCXOTUT, TIOTOMY
YTO HU30TON Oepuiuivs, KOTOpBIH oOpa3oBayicsi, MHOYTH
MTHOBEHHO PacCIiaJlaeTcsi, BHOBb 00OPA30BBIBAs SIPO T'EIIHsL.

Curyauus MeHseTcsi, Korja 3Be3lla HauyMWHaeT
UCITYCKaTh BOJIOPO/I.

Korna sto mpoucxomur, s1po 3Be3[bl KOJIANICHPYET,
0 TeX Top, MOKa €ero TeMmieparypa HE JOCTUTaeT
npumepHo 100 mwuonoB rpaaycoB 1o Kensuny. Ilpu
ATUX YCJIOBHSX, sSiIpa CTAJIKUBAIOTCSA APYT C JIPYroM Tak
4acTo, YTO HEKOTOPbIe OEPUILIUEBBIE SApPa COSAUHSIOTCS C
AIpaMu  TeIusl TMPEeXKIe, YeM OHHU JIOJDKHBI  ObUIH
pacmactbesa. bepwiinii 3aTeM MOXET COEIUHUTBCS C
rejimeM, 4Toobl 00pa3oBaTh yriaepos, KOTOPbIA CTaOuiIeH.
Ho stomy yriepoay emie odeHp ganeko 10 GOpMUPOBAHUS
CIOXHBIX  COCIMHEHHH  XUMHUYECKUX  KOMIIOHEHTOB,
KOTOpBbIE MOTJIH OBl BOCXHIAThCcs Ookamamu u3 bopro,
MOKa3bIBaTh (POKYCHI C MIIAMEHEM, BBIXOJIAIIMM U3 TaJIbIla,
WIM  3a7aBatb  BoOmpocel 0  Bceemennout. s
CyIIECTBOBaHUSl KM3HU, TaKOW KaK YeJIOBEYeCKas,
yIaepoa JOJDKEH OBITh TEpeHeceH W3 Heap 3Be3Ibl B
MOAXOAAIIYI0O  Cpeay. JITO, Kak Mbl  TOBOPHIIH,
MPOUCXOAUT, KOTJa 3B€37a B KOHIE CBOETO KU3HEHHOIO
[IMKJIa B3PBIBAETCS, MPEBPAIIAsCh B CYNIEPHOBYIO, U3TOHSS
YIIEpOJI U APYTHUE TSHKEIIbIE 3JIEMEHTHI, U3 KOTOPBIX MO3XKE
oOpasyercs 1aHeTa.

principle fuse with a third helium nucleus to form
carbon. But that doesn’t happen, because the
isotope of beryllium that is formed decays almost
immediately back into helium nuclei.

The situation changes when a star starts to run
out of hydrogen. When that happens the star’s
core collapses until its central temperature rises to
about 100 million degrees Kelvin. Under those
conditions, nuclei encounter each other so often
that some beryllium nuclei collide with a helium
nucleus before they have had a chance to decay.
Beryllium can then fuse with helium to form an
isotope of carbon that is stable. But that carbon is
still a long way from forming ordered aggregates of
chemical compounds of the type that can enjoy a
glass of Bordeaux, juggle flaming bowling pins, or
ask questions about the universe. For beings such
as humans to exist, the carbon must be moved
from inside the star to friendlier neighborhoods.
That, as we've said, is accomplished when the star,
at the end of its life cycle, explodes as a supernova,
expelling carbon and other heavy elements that
later condense into a planet.



Tpoiinoii Anbga-IIpouecc. O6pa3oBanue yriepoja B 3Be3/ax B
pe3ysbTaTe COeqUHEHHS TPEX siJIep relius, COObITHE, KOTOPOE ObLIO
ObI OUEHb MaJIOBEPOSTHO, €CIIU OBl HE CIIelHalIbHOE CBOWCTBO
3aKOHOB SJICPHOIT PU3UKH.

OroT mpomecc 00pa3oBaHMSA YIIIEPOAa Ha3bIBACTCS
TpoOiiHBIM  anb(a-mpolueccoM, MOTOMy uTo "anbda-
yacTuna" - Apyroe Ha3BaHUE IS s/pa M30TOMa Teiwus,
YYaCTBYIOIIETO B PEAKIMU, U MOTOMY YTO ATOT MPOIIECC
TpeOyer, 4YTroOBl TpHM W3 HUX (B KOHECYHOM CUETE)
coequHmIHCh BMecTe. OOBIUHO (DM3HKH TOJATalT, UTO
Bpemsi 00pa30BaHUsl YIJepoja C IMOMOIIBI0 TPOMHOTO
anb(a-nporiecca T0HKHO OBITh

Triple Alpha Process Carbon is made inside stars from the collisions of
three helium nuclei, an event that would be very unlikely if not for o
special property of the laws of nuclear physics.

This process of carbon creation is called the
triple alpha process because “alpha particle” is
another name for the nucleus of the isotope of
helium involved, and because the process requires
that three of them (eventually) fuse together. The
usual physics predicts that the rate of carbon
production via the triple alpha process ought to be



odeHb ManeHbkuM. OOpamias Ha 3TO BHUMaHue, B 1952
rogy XOWJ MPEANOJOKWI, YTO CyMMa DSHEPTUM saep
OepuIUIns U TeIus TOJDKHBI IOYTH COBIAJATh C YHEPrHei
OTIPENICJIEHHOTO0 KBAaHTOBOT'O COCTOSIHUS OOpa30BaHHOTO
M30TONA YIJIEPOJa, YTO IMOJIY4YMIIO Ha3BaHUE PE30HAHCA,
KOTOPBI 3HAYUTEIBHO YBEIUYMBACT BpEMS SIACPHOU
peaknuu. B To ke Bpemsa eme He ObUIM H3BECTHBI
3Hau€HUs TaKoOM DJHEPrMHM, HO OCHOBBIBasCh Ha
NpEeanonoxkeHun  Xouna, Ywuwibam  Daynep  u3
KanndopHuiickOro TEXHOJOTHYECKOTO WHCTUTYTA HCKa
Y HalleJ ero, MOATBEPAUB TOUKY 3peHus XOijia Ha TO, KaK
00pa30BBIBAIOTCS CIIOKHBIE sI/Ipa.

Xoin mucan: "S He Bepro, uyTO JIOOOH YUEHBIH,
WCCIICIOBABIINN CBHUICTEIBCTBO, OKa3zajics Obl HE B
COCTOSTHUM CJIelaTh BBIBOJ, YTO 3aKOHBI AEPHON (PU3UKU
ObLIM  NPEAHAMEPEHHO  CIUIAHUPOBAHBI C  y4YETOM
MOCIIEACTBHUM, KOTOPbIE OHU MPOU3BOAAT BHYTpH 3Be31 . B
TO BpeMs €llle HUKTO He pa30upaics JOCTaTOYHO XOPOIIO
B sjaepHO (¢u3nMke, 4YTO OBl TOHATH Ty CTENCHb
IPO30PJIMBOCTH, KOTOpas IpHBeJla K CO3JaHHMIO 3THX
TOYHBIX buznyecKkux 3aKOHOB. Ho, nu3y4ast
000OCHOBAHHOCTb CHUJIBHOTO aHTPOIIHOTO MpUHIMMA, B
nocleAHne ToAbl (PU3MKM Hadaaum camu cebe 3a1aBathb
BOMpoC: Kakasi Obl Obuta BceeneHHnasi, ecnu Obl 3aKOHBI
npupoabl Obutn ApyruMu? CeromHs MOXKEM CO37aBaTh
KOMIIBIOTEPHBIE MOJIENIH, KOTOPBIE MTOKA3bIBAIOT HaM, KaK

quite small. Noting this, in 1952 Hoyle predicted
that the sum of the energies of a beryllium
nucleus and a helium nucleus must be almost
exactly the energy of a certain quantum state of
the isotope of carbon formed, a situation called a
resonance, which greatly increases the rate of a
nuclear reaction. At the time, no such energy level
was known, but based on Hoyle’s suggestion,
William Fowler at Caltech sought and found it,
providing important support for Hoyle’s views on
how complex nuclei were created.

Hoyle wrote, “I do not believe that any scientist
who examined the evidence would fail to draw the
inference that the laws of nuclear physics have
been deliberately designed with regard to the
consequences they produce inside the stars.” At
the time no one knew enough nuclear physics to
understand the magnitude of the serendipity that
resulted in these exact physical laws. But in
investigating the validity of the strong anthropic
principle, in recent years physicists began asking
themselves what the universe would have been
like if the laws of nature were different. Today we
can create computer models that tell us how the



CKOPOCTh  TpPOWHOW  albda-peakiuu  3aBUCHT  OT
CTaOMIIBHOCTH (YHAAMEHTAIBHBIX CHJI TpUpoabl. Takue
BBIUMCIICHHSI IIOKa3hIBalOT, uTo Mu3MeHeHme Ha 0.5 %
3HAYEHHS] CHJIBHOTO SI/IEPHOTO B3aUMOJCHCTBUA, WK Ha 4
% SIEKTPUUYECKUX CHJI, Pa3pPYLIUT MOYTH BECh YIIIEPOI U
BECh KHUCJIOPOJ Ha KaXJOW 3Be3/le, a CIIeJOBATEIbHO U
BO3MOJKHOCTh JKM3HH, B TOM BHJE, KOTOPYIO MBI HMEEM.
HN3menuTe 5T mnpaBuna Haumed BceneHHOW XOTh Ha
HEMHOTO, W YCIOBHsI I HAIEro CYIIECTBOBAHUS
HCYE3HYT.

AHanu3upys Mojienb BeeneHHol, Mbl TOHMMaeM, Korja
Teopusi (PU3NKH MEHSETCS HEKOTOPHIM 00pa3oM, MOKHO
MOHATh d(PPeKT OoT m3MeHeHHs (U3HUYECKUX 3aKOHOB B
MeTogu4yeckoM IuraHe. OKa3pIBacTCs, YTO 3TO HE TOJIBKO
BEJIMYUHBI CHJIBHOTO SIIEPHOTO W AJIECKTPOMArHUTHOTO
B3aUMOJICUCTBUS, KOTOPBIC NMPU3BAHbI YIOPSAIOYUTH HAIIIE
CyILIECTBOBaHHUE. bonsmnHCTBO byHIaMeHTaIbHBIX
KOHCTaHT B  Hallled TEOPHUH  SBISIOTCA  TOYHO
OTPETYyIUPOBAHHBIMU, B TOM CMBICIIE, YTO €CIH Obl OHU
OblIM M3MeEHEHbI Ha HeOoJbIlloe 3HaueHue, BceelenHas
OblTa OBl COBEPILEHHO JAPYroi, U BO MHOTUX CIy4asX,
HEMPUCIIOCOOJIEHHOM K BO3HHUKHOBEHHIO  KU3HH.
Hampumep, ecnu Ob1 npyroe siiepHOe B3aUMOJICHCTBUE -
cinaboe B3auMoieicTBUE - OBbLIO OBl e cinadee, B paHHEH
Bcenennoii Becb BOIOpO peBpaTHiiCs OBl B

rate of the triple alpha reaction depends upon the
strength of the fundamental forces of nature. Such
calculations show that a change of as little as 0.5
percent in the strength of the strong nuclear force,
or 4 percent in the electric force, would destroy
either nearly all carbon or all oxygen in every star,
and hence the possibility of life as we know it.
Change those rules of our universe just a bit, and
the conditions for our existence disappear!

By examining the model universes we generate
when the theories of physics are altered in certain
ways, one can study the effect of changes to
physical law in a methodical manner. It turns out
that it is not only the strengths of the strong
nuclear force and the electromagnetic force that
are made to order for our existence. Most of the
fundamental constants in our theories appear
fine-tuned in the sense that if they were altered by
only modest amounts, the universe would be
qualitatively different, and in many cases
unsuitable for the development of life. For
example, if the other nuclear force, the weak force,
were much weaker, in the early universe all the
hydrogen in the cosmos would have turned to



reauii, |, ClIel0BaTeIbHO, HE CYHIECTBOBAJIO  ObI
HOpMaNbHBIX 3Be3d; Ecim Ob1 oHM ObTM  Ha00OpOT
CHJIbHEE, B3pBIBbI CYIIEPHOBBIX HE BbIOpachIBaJid Obl UX B
IPOCTPAHCTBO, M, CJIEJOBATENbHO, HE MPOU3ONILIO OBl
o0Opa3oBaHus  IUIaHET M3  TSDKENBIX  DJIEMEHTOB,
TpeOyrommxcss I 3apoxaeHus o ku3Hu. Ecim  Obl
npotonbl Obutn Ha 0.2 % Tspkesnee, OHU pacmaiuch Obl Ha
HEUTPOHBI, AecTabuIn3upys aroMmbl. Ecim 6b1 cymma Macc
TeX THIIOB KBAapKOB, U3 KOTOPBIX COCTOST IIPOTOHBI, ObLIa
Ob1 ymenbiieHa Ha 10 %, To ObUTIO OBl HAMHOTO MEHBIIIC
CTaOWJIBHBIX AaTOMHBIX sJI€p, U3 KOTOPBIX MBI COCTOMM;
CyMMapHasi Macca KBapKOB  KaXeTcsi  IPUMEPHO
ONTUMHU3UpPOBAHA  JJI  CYIIECTBOBAHUS  OOJIBILOrO
KOJIMYECTBA CTAOMIIbHBIX SJIEP.

Ecnu 1omycTuth, 4TO HECKOJIBKO COTEH MUJUIMOHOB JIET
Ha CcTaOWIBHON OpOMTE HEOOXOAWMO, YTOOBI Pa3BUTHCS
YKU3HU Ha IJIAHETE, YUCIIO IPOCTPAHCTBEHHBIX N3MEPEHUM
Takke sBisiercd (uxkcupoBaHHbIM. lloromy, uro B
COOTBETCTBHUE C 3aKOHOM TIpaBUTALlUH, TOJIBKO B
TPEXMEPHOM  HU3MEPEHUM  BO3MOXKHBI  CTAOMJIbHBIE
unTHYeckue opoutel. Kpyrossie opOoUTEI BO3MOXKHBI B
OpPYTHX U3MEpPEeHMsSIX, HO OHHM, KaK IpeadyBCTBOBAI
HeroroH, HecTaOunbHbl. Ecinu B TpexmMepHOM HM3MepeHHn
11000€ BO3MYILEHUE, TAKOE KaK CTOJKHOBEHHE C JPYrou
IUITAHETOM, BBIBEAET IUIAHETY U3 KpPYroBOHM OpOUTHI
MOBEJIET €€ 110

helium, and hence there would be no normal
stars; if it were much stronger, exploding
supernovas would not eject their outer envelopes,
and hence would fail to seed interstellar space with
the heavy elements planets require to foster life. If
protons were 0.2 percent heavier, they would
decay into neutrons, destabilizing atoms. If the
sum of the masses of the types of quark that make
up a proton were changed by as little as 10 percent,
there would be far fewer of the stable atomic
nuclei of which we are made; in fact, the summed
quark masses seem roughly optimized for the
existence of the largest number of stable nuclei.

If one assumes that a few hundred million
years in stable orbit are necessary for planetary life
to evolve, the number of space dimensions is also
fixed by our existence. That is because, according
to the laws of gravity, it is only in three dimensions
that stable elliptical orbits are possible. Circular
orbits are possible in other dimensions, but those,
as Newton feared, are unstable. In any but three
dimensions even a small disturbance, such as that
produced by the pull of the other planets, would
send a planet off its circular orbit and cause it to



criupanu 6o k ComiHIly, 1100 OT HETO, U TOT/Ia MBI JTUOO
cropum, 1100 3amep3HeM. A B 0ojee 4eM TpeXMepHOe
U3MEPEHUSX TPaBUTALMOHHBIE CUJIBI MEXIY JBYMs
TenamMu OyAyT yMeHbIIaThes Oosiee OBICTPO, YeM 3TO
IPOMCXOJUT B TPEXMEpPHOM. B TpexMepHOM u3MepeHuH
IpaBUTALIMOHHBIE CHJIBI YMEHbLIAIOTCA A0 1/4 OT cBoero
3HAYEHUs, €CIIM PacCTOSIHUE YBEJIMYMBaeTCs BIBoe. B
YeThIPEXMEPHOM HM3MEPEHHE OHM yMEHbIIaTcs 10 1/8, B
naTuMepHoM - g0 1/10, u T.4. B pe3ynbrare, B 6osee uem
TpexmepHoe wu3MmepeHun ConHIe HE Moo OBl
CYLIECTBOBaTb B CTa0WJIBHOM COCTOSIHMM, CO CBOMM
BHYTPCHHUM JaBJICHHEM, CBS3aHHBIM CHJIOH T'paBUTALINU.
OnHo 1160 pa3opBaIoCh HA KYCKH WJIM CKAJIOCh B YEPHYIO
IOBIpY, UYTO TOBJIEKJIO OBl K Hamel rudenw.
[IpuMeHUTENBHO K aToMaM, 3JIEKTPOHHBIE CHIIbI BEJU Obl
cedsi TOYHO Tak »K€, KaK W TIpPaBUTALUOHHbBIE. ITO
O3HayaeT, uYTO HJEKTPOHBI B aToMax OyayT maubo
yaajasaThCs OT sAnpa, JubOo mnpuOmmkarecs K Hemy. B
1r000M ciydyae, aTOMbl He ObUIM Obl TAKMMHU, KAKUMHU MBI
UX 3HAEM.

BeposiTHOCT ~ NOSABIEHHUS  CIOXKHOMH  CTPYKTYpBI,
CIIOCOOHOM MOAJIEPKUBATh PA3yMHYIO KU3Hb, ObllIa OUYEHb
HEe3HAuuTeNbHa. 3aKOHBI MPUPOJIBI (POPMUPYIOT CUCTEMY,
KOTOpass OYeHb TOYHO OTPEryJIMpoBaHa, W TOJBKO
JIONYCKAIOTCS  caMmble HE3HAYUTEJbHbIE W3MEHEHHUS B
¢u3nyecKux 3aKoHaX, KOTOpble HE IOBJIEKYT 3a co0o0i
paspyleHre BO3MOKHOCTH Pa3BUTHS KU3HU, KAKYIO MBI

spiral either into or away from the sun, so we
would either burn up or freeze. Also, in more than
three dimensions the gravitational force between
two bodies would decrease more rapidly than it
does in three dimensions. In three dimensions the
gravitational force drops to Y4 of its value if one
doubles the distance. In four dimensions it would
drop to Vs, in five dimensions it would drop to “.
and so on. As a result, in more than three
dimensions the sun would not be able to exist in a
stable state with its internal pressure balancing the
pull of gravity. It would either fall apart or collapse
to form a black hole, either of which could ruin
your day. On the atomic scale, the electrical forces
would behave in the same way as gravitational
forces. That means the electrons in atoms would
either escape or spiral into the nucleus. In neither
case would atoms as we know them be possible.
The emergence of the complex structures
capable of supporting intelligent observers seems
to be very fragile. The laws of nature form a
system that is extremely fine-tuned, and very little
in physical law can be altered without destroying
the possibility of the development of life as we



umeeM. He Ob110 GBI psiia mepBOHAYANBHBIX COBIAJACHUN B
TOYHBIX JETaNsAX (PU3NYECKHX 3aKOHOB, HE OBbUIO ObI H
YeJI0BEYECTBA UITH MOX0XKUX (DOPM KU3HHU.

BonpmmucTBO BIICUATIISOIIUX BBIBEPEHHBIX
COBIIAJCHUI BKJIFOYEHBI B TaK Ha3bIBAEMYIO
KOCMOJIOTHYECKYIO KOHCTAaHTy ypaBHEHUs OOIIel Teopuu
OTHOCUTENbHOCTH DiiHIITeiHa. Kak Mbl roBopuiu, B 1915
rofy, Korja OH CGOpPMYIHPOBaT TEOPHIO, DWHIITEHH
cuuTtay, 4Yro  BcenenHas = craruyHa, T.6.  HHU
pacumpsitomencs, Hu cxumaromenca. Tak kak jro0as
MaTepusi IPUTATUBACT APYTYI0 MAaTE€pUI0, OH BKIIIOYMI B
CBOIO TEOPUIO HOBYIO aHTUTPABUTALIMOHHYIO CHITY, YTOOBI
3anpeTuTh BceneHHOW KoimancupoBaTh caMoll B ceOsl.
Dta cuiia, OTJIMYHAs OT APYTHX CWUJI, HE OblIa MOIy4YeHa U3
KaKuX-TM00 YaCTHBIX HCTOYHHMKOB, HO OblIa BCTpPOEHA
UMEHHO B CHUCTEMY MPOCTPAHCTBA-BPEMEHH.
Kocmonornueckass KOHCTaHTa YKa3bIBa€T HAa BEIUYUHY
3TOW CHJIBL.

Ho xorna 66110 OTKpBITO, uTO Beenennas He craTuyHa,
DOWHIITEHH HCKIIOYMII KOCMOJIOTHYECKYI0O KOHCTAHTY W3
CBOEH TEeOpWHU U Ha3Bajl €€ BeIWdYailleil cBoel OIMOKO.
Ho B 1998 romy wnaOmiofeHue 3a OYEHb JAJICKUMHU
CyNEepHOBBIMU TOKa3alio, yTo BcenenHas pacuupsiercs ¢
YCKOpPEHUEM, KOTOPOE HE BO3MOXKHO 0€3 HEKOTOPOIo

know it. Were it not for a series of startling
coincidences in the precise details of physical law,
it seems, humans and similar life-forms would
never have come into being.

The most impressive fine-tuning coincidence
involves the so-called cosmological constant in
Einstein’s equations of general relativity. As we've
said, in 1915, when he formulated the theory,
Einstein believed that the universe was static, that
is, neither expanding nor contracting. Since all
matter attracts other matter, he introduced into
his theory a new antigravity force to combat the
tendency of the universe to collapse onto itself.
This force, unlike other forces, did not come from
any particular source but was built into the very
fabric of space-time. The cosmological constant
describes the strength of that force.

When it was discovered that the universe was
not static, Einstein eliminated the cosmological
constant from his theory and called including it
the greatest blunder of his life. But in 1998
observations of very distant supernovas revealed
that the universe is expanding at an accelerating
rate, an effect that is not possible without some



pola OTTaJKUBAIOUIEH CHWIIbI, JEHCTBYIOIIEH CKBO3b
npoctpancTBo. KocMmonoruyeckas KOHCTaHTa MOJIy4HJia
BTOpOe pokaeHue. Kak MbI Teneph 3HaeM, €€ 3HAUYCHHE
OTJIMYHO OT HYJISI, BOIPOC OCTAETCS, IMOYEMY OHAa HMMEET
Takoe 3HayeHue, Kakoe oHa uMmeeT. DU3HMKH OOBACHUIIH,
KaK 3TO MOIJI0O TPOU30UTH Onaromaps KBaHTOBO-
MexaHu4ecKkoMy 3¢ (deKTy, HO 3HA4YC€HHE, KOTOPOE OHHU
CMOTJIM BBIYUCIUTH SIBJsieTCs yuciaoMm Ha 120 mopsiakoB
(emunamma co 120 HymsiMu) O0JbINE, YeM JEHCTBUTEIIBHOE
3HAYCHHE, TOJYYCHHOE HaAOIOACHUEM 3a CYIIEPHOBOII.
DTO O3HayaeT, 4To JIMOO NPHUHIUILI, NMPUMCHCHHBIC B
BBIYHMCIICHUSIX, OBUIM OIMIMOOYHBIMH, JIMOO CYIIECTBYIO
eme aApyrue (¢GakTopbl, KOTOpPbIE YYIECHBIM 00pa3oM
OTMEHSIIOT BCE, KpPOME HEBOOOpa3MMO MaJEHBKOTO
3HAYCHMS BBIYMCIECHHOTO umciia. Ho ogHO ompeneneHHo,
YTO €CJIU 3HAYCHHE KOCMOJIOTHYECKOM KOHCTAHTHI MHOI'O
OobIie, 4eM 3T0, TO Haiia Beenennas pasopBanach Obl Ha
KYCKH, TpeXIe, YeM MOIM Obl CcHOpMHUPOBATHCA
TaJlakKTUKHU - W KU3Hb, KOTOPYIO MBI 3HaeM, ObUTa OBl HE
BO3MOJKHA.

Kak MbI MOkeM HHTEPIIPETUPOBATH 3TY YHUKAIBHOCTh?
HeBepositHocTh B TOYHOCTH (GOpM U TPUPOJIBI
dbyHIaMEHTANIbHBIX ~ (U3UYECKMX  3aKOHOB  SIBIIETCS
yaaden u3 yjaad, KOTOPYH MBI HaXOJHM B OKPY>KaroIeM
MUpe. DTO HE JIeTKO OOBACHUTH, M OTO HMeeT Ooiee
riy0ookuii puznueckuit

kind of repulsive force acting throughout space.
The cosmological constant was resurrected. Since
we now know that its value is not zero, the
question remains, why does it have the value that
it does? Physicists have created arguments
explaining how it might arise due to quantum
mechanical effects, but the value they calculate is
about 120 orders of magnitude (a 1 followed by
120 zeroes) stronger than the actual wvalue,
obtained through the supernova observations.
That means that either the reasoning employed in
the calculation was wrong or else some other
effect exists that miraculously cancels all but an
unimaginably tiny fraction of the number
calculated. The one thing that is certain is that if
the value of the cosmological constant were much
larger than it is, our universe would have blown
itself apart before galaxies could form and—once
again—life as we know it would be impossible.
What can we make of these coincidences? Luck
in the precise form and nature of fundamental
physical law is a different kind of luck from the
luck we find in environmental factors. It cannot be
so easily explained, and has far deeper physical



u ¢unocodckuii cmpica. Hama Beenennast u ee 3aKkoHBI,
KaXKETCs, CO3/aHbl MO MPOEKTY, U OHU IPEIHA3HAYCHBI,
yTOOBI TMOJACPKUBATh HAC, M, €CIM MBI CYIIECTBYEM,
OCTaBJISIET MAJICHHKYIO BO3MOKHOCTD JUIsl ”3MEHEHU. DTO
HEJIETKO OOBSCHUTh, W BO3HHKAET BOIIPOC: TMOYEMY 3TO
TaKk?

MHOruM XOTeNOCh OBl HCIIOJIB30BAaTh ATO CIydYaHOE
CTCUEHUE OOCTOSATENBCTB KaK JIOKA3aTEIbCTBO bBOXKbero
TBOpeHus. Unes o Tom, uro Bcenennas Obuta 3amymana
TaK, 4YTOOBl TOJIJEPKATh YEJIOBEYECTBO, BO3HHUKIA B
TEOJIOTUU M MUDOJIOTHH THICAYH JIET HA3a]l U CYIIECTBYET
1o ceii n1eHp. B "kHure HapooB" qpeBHUX Maiis, B Mu(DO-
HMCTOPUYECKHUX IMOBECTSX OOrd IpoBo3TiamarT: "Mbl He
MOJTyYUM HU CJIaBbI HH MOYECTEH OT BCErO TOTO, YTO MBI
co3danu, 10 TeX TOop IMOKa CYIIECTBYET 4YeJIOBEK,
crocoOHbIN omymars". Tunuuneii Erunerckuii Tekcr,
natupoBaHHbeii 2000 romom 1o H.3. riacut: "Jlroaw,
wiemsi boxee, obecrieueHbl uM Jyisi cymniectBoBanus". OH
(bor Comnma) co3man HeOo u 3emimro i ux Ojara. B
Kurae naocckuii ¢punocod Lieh Yu-K'ou (400 rox 1o H.3.)
BBICKA3bIBAT HJCI0 dYepe3 Tepos CKa3Ku, KOTOPHIH
roBoput: "Hebeca coznmanu 5 BHIOB CeMsH ISl BCXOJa, U
MPUBHECIHU CBBIIIE PHIOY M MTHUILY JUTsI HALIEH BBITOJIBI".

and philosophical implications. Our universe and
its laws appear to have a design that both is
tailor-made to support us and, if we are to exist,
leaves little room for alteration. That is not easily
explained, and raises the natural question of why
it is that way.

Many people would like us to use these
coincidences as evidence of the work of God. The
idea that the universe was designed to
accommodate mankind appears in theologies and
mythologies dating from thousands of years ago
right up to the present. In the Mayan Popol Vuh
mythohistorical narratives the gods proclaim, “We
shall receive neither glory nor honor from all that
we have created and formed until human beings
exist, endowed with sentience.” A typical Egyptian
text dated 2000 BC states, “Men, the cattle of God,
have been well provided for. He [the sun god]
made the sky and earth for their benefit.” In China
the Taoist philosopher Lieh Yii-K'ou (c. 400 BC)
expressed the idea through a character in a tale
who says, “Heaven makes the five kinds of grain to
grow, and brings forth the finny and the feathered
tribes, especially for our benefit.”



B 3anagnoit kyneType BeTxuit 3aBeT COAEPKUT UICHO O
IPEONPECIIEHHOM 3aMbICJIE B CBOEH UCTOPUM CO3JaHMS,
HO TpaJuMLMOHHAs XPHUCTHAHCKAs TOYKAa  3pEHUs
HAXOJIUJIACh TAKXKE MO/ OOJIBIIUM BIUSHUEM APHUCTOTEIS,
KOTOPBIM cuMTal, 4TO '"pa3yMHbId MHUp JACHCTBYET B
COOTBETCTBUE c HEKOTOPBIM peIHaAMEPEHHBIM
3ambIciioM".  CpeaHEBEKOBBIA XPUCTUAHCKUM  TEOJIOT
®oma AKBUHCKHM HCHOJB30BAI HJCHO APHUCTOTENS O
NOpSKE B MPUPOE, YTOOBI OOBSICHUTH CYIIECTBOBAHUE
bora. B BoceMHannmaroM BeKEe APYrod XPUCTHAHCKHU
TEOJIOr 3alle] Tak JajeKo, YTO CKa3zall, YTO KPOJIHUKHU
UMEIOT OeJible XBOCTBI, YTOOBI HaM OBIJIO JIETKO OXOTHUTHCS
Ha HUX. bonee coBpeMeHHas WILTIOCTpalus XpUCTUAHCKOU
TOYKM 3peHHusi Oblla JaHa HECKOJBbKO JIET Ha3ajl, Koraa
kapaunan Kpucrodp [Honbopn, apxuenuckon Bensi,
Hanucai: "Ceiiuac, B 21 Beke, CTaJKUBasCh C HayYHBIMU
YTBEP)KJICHUSIMHU MOAOOHO HEOJAapBUHU3MY U THIIOTE3€ O
MHOTHX BCEJICHHBIX B KOCMOJIOTHH, BbIIyMaHHBIX, YTOOBI
u30exarh TMOMABISIONMX JOKa3aTeNbCTB B I[ENU H
Ji3anHe, HallJICHHOM B  COBPEMEHHOW  Hayke,
Karonuueckass 1epkoBb, CHOBa 3aIIUTUT YEJIOBEYECKYIO
HaTypy, OOBSABIIAA, YTO MOCTOSIHHBIN AM3aliH B MPHUPOAE
peasieH." B KOCMOJIOIMM HECOMHEHHOM OYEBHJHOCTBHIO
Ha3HAa4YeHMs U 3aMbICIIa,

In Western culture the Old Testament contains
the idea of providential design in its story of
creation, but the traditional Christian viewpoint
was also greatly influenced by Aristotle, who
believed “in an intelligent natural world that
functions according to some deliberate design.”
The medieval Christian theologian Thomas
Aquinas employed Aristotle’s ideas about the
order in nature to argue for the existence of God.
In the eighteenth century another Christian
theologian went so far as to say that rabbits have
white tails in order that it be easy for us to shoot
them. A more modern illustration of the Christian
view was given a few years ago when Cardinal
Christoph Schonborn, archbishop of Vienna,
wrote, “Now, at the beginning of the 21st century,
faced with scientific claims like neo-Darwinism
and the multiverse [many universes] hypothesis
in cosmology invented to avoid the overwhelming
evidence for purpose and design found in modern
science, the Catholic Church will again defend
human nature by proclaiming that the immanent
design in nature is real.” In cosmology the
overwhelming evidence for purpose and design to



Ha KOTOpBIE CCBUIAJICA KapIuHall, SBIAETCS TOYHas
perynupoBka (U3NYECKUX 3aKOHOB, O KOTOPOH MBI
IIMCAJIH BBIILIE.

[IoBOpOTHBIM MOMEHTOM B HAay4HOM OTKa3e oOT
TEOLCHTPUUECKOW  CHCTEeMbl MHUpa, ObUIa  MOZEIb
conHeyHol cuctembl KomepHuka, B KoTopol 3emuis
Oonbllle HE 3aHUMalla LIEHTPAIbHYIO MO3ULHUI0. 3a0aBHO,
4TO COOCTBEHHOE MHpOBO33peHHe KomepHuka ObLIO
aHTPOIIOMOP(PUUECKUM, OH Jlake YCIIOKauBal Hac,
yKa3bplBasi Ha  TO, 4YTO  HECMOTpS Ha  €ro
TeJIMOLEHTPUYECKYI0 MOJENb, 3eMJIsl SBISETCA IOYTH
ueHTpoM Bceenennoii: "XoTs 3emiist He SBISETCS LIEHTPOM
Bcenennoii, TeM He MeHee, pacCTOSIHME OT 3eMJId J0
LEHTpa HUYTOKHO, €CJIH CPAaBHUBATH €r0 C PAaCCTOSIHHUEM
or 1eHTpa a0 3Be3n". C u300peTeHHEeM TelleCKora,
OTKpbITHS B 17 Beke, Takue KaK TO, YTO HE TOJILKO BOKPYT
HaIlleH IJIAHETHI UMEETCSI CIIyTHUK, ITPUIAIN BEC 3aKOHY O
TOM, 4YTO Mbl HE 3aHUMaeM MPUBUIETUPOBAHHOE
N0JIO’KEHNE BO BceneHHoil. B nocnenyromue Beka HOBbIE
OTKpPBITHSl TOKa3ajdM, YTO Halla I[IJIaHeTa SBIsIeTcs,
BEPOATHO, NPOCTO 3aypsAHOM miaHeTod. Ho oTkpeiTHE
OTHOCUTEIIbHO  HEJaBHO  HUCKJIOYUTEIbHO  TOHKOM
PETYJINPOBKM MHOTHX 3aKOHOB IPUPOABI MOTJIO BEPHYTb,
110 KpaliHeN Mepe, HEKOTOPBIX U3 HAC K CTapoil uaee,

which the cardinal was referring is the fine-tuning
of physical law we described above.

The turning point in the scientific rejection of a
human-centered universe was the Copernican
model of the solar system, in which the earth no
longer held a central position. Ironically,
Copernicus’s own worldview was anthropo-
morphic, even to the extent that he comforts us by
pointing out that, despite his heliocentric model,
the earth is almost at the universe’s center:
“Although [the earth] is not at the center of the
world, nevertheless the distance [to that center] is
as nothing in particular when compared to that of
the fixed stars.” With the invention of the
telescope, observations in the seventeenth
century, such as the fact that ours is not the only
planet orbited by a moon, lent weight to the
principle that we hold no privileged position in the
universe. In the ensuing centuries the more we
discovered about the universe, the more it seemed
ours was probably just a garden-variety planet.
But the discovery relatively recently of the extreme
fine-tuning of so many of the laws of nature could
lead at least some of us some back to the old idea



YTO TOT BEIMKHUHA MPOEKT SIBIAECTCS pabOTONH HEKOTOPOTO
Benukoro auszaiiHepa. B CILA, nockonbky KoHctutynus
3ampeniaeT NpenojaBaHue PeJIMrMM B ILIKOJE, M0J00HYI0
U0 Ha3BAJIM UCKYCCTBEHHBIM IIPOEKTOM, HE YIOMMHAs,
HO IOJpa3yMeBasi, 4To 3TOT co3JaTens - bor.

Ho 310 He orBeT coBpeMeHHOU Hayku. MBI BUIEIH B
I'maBe 5, yto Hama BcenenHas momkHa OBITH OJHOM U3
MHOTHUX, y KaX/10i U3 KOTOPBIX CBOU 3aKOHBI. I'unoresa o
MHOXECTBE BCEJIEHHBIX - 3TO HE IOHATHE, U300pETEHHOE,
YyTOOBl HE CYUTaThb YYyJOM TOYHYK HACTPOHMKYy. ITO
pe3yibTaT MOrPaHUYHBIX YCIOBUH, TaK K€ KaK MHOI'MX
JIpyrue TeOpuil B COBpeMeHHON kocMonoruu. Ho eciu ato
TaKk, TOTJa CHJIbHBIM AHTPONHBIM HPUHIUI MOMKET
cunTatbcs  (paKTHYECKH  SKBHBAJICHTHBIM  ClIaboMYy,
HoMeIIas TOYHYI0 HAacTpOWKY (PM3MYECKMX 3aKOHOB Ha
HEKOTOPYIO OCHOBY, TaKyl0, Kak (pakTOpbl OKpYy:)Karolen
cpeapbl, To 3T0 OyJaeT O3HayaTh, YTO Hallla KOCMHUYecKas
cpena - Temepb IOJHOCTbIO o0o3pumas Bcenennas -
SBIISIETCS OJHOM M3 MHOIMX, KaK M Halla COJHEeYHas
CHUCTEMA OJIHA M3 MHOTMX. JTO 03HAYaeT, YTO TaKUM K€
o0pa3oM, Kak M rapMOHHsS B Halllel COJIHEYHOM cucreme
ObL1a co3aHa OOBIYHBIM 00pa3OM, ¥ MOATOMY MHJLITHAP/IBI
TaKUX CHCTEM CYHIECTBYIOT, TaK K€ M TOUHOH IOATOHKOU
3aKOHOB

that this grand design is the work of some grand
designer. In the United States, because the
Constitution prohibits the teaching of religion in
schools, that type of idea is called intelligent
design, with the unstated but implied understan-
ding that the designer is God.

That is not the answer of modern science. We
saw in Chapter 5 that our universe seems to be
one of many, each with different laws. That
multiverse idea is not a notion invented to account
for the miracle of fine-tuning. It is a consequence
of the no-boundary condition as well as many
other theories of modern cosmology. But if it is
true, then the strong anthropic principle can be
considered effectively equivalent to the weak one,
putting the fine-tunings of physical law on the
same footing as the environmental factors, for it
means that our cosmic habitat—now the entire
observable universe—is only one of many, just as
our solar system is one of many. That means that
in the same way that the environmental
coincidences of our solar system were rendered
unremarkable by the realization that billions of
such systems exist, the fine-tunings in the laws of



MPUPOJIBI MOKHO OOBSCHUTH CYILIECTBOBAaHUE MHO>KECTBA
BCEJICHHBIX. ~ MHOXECTBO  JIOJEA  JIOITHE  TOJIBI
MPUIUCHIBAIM BOry KpacoTy U CI0KHOCTb NPUPOJIBI, TaK
KaKk B TO BpeMsi He ObuI0 HayyHOro oObsicHeHus. Ho, kak
Hapeun u VYomiac OOBSICHWIM, KaK HECOMHEHHO
NOpa3UTEIbHBIN JU3aiiH )KUBBIX (JOPM MOT MOSBUTHCS 03
BMEIIATEIbCTBA  BBICHIEM  CYIIHOCTH,  KOHULEINLHUS
MHOECTBEHHBIX BCEJICHHBIX MOXET OOBSACHUTH TOYHYIO
MNOATOHKY  (U3WYECKUX  3aKOHOB  0e3  ydacTud
BEJIMKOAYIIHOTO  CO3JaTens,  KOTOpBhIi  COTBOPHII
Bcenennyto s Hamero 6mara.

OWHIITEMH OJHAXAbl 3aJajl CBOEMY AaCCUCTEHTY
Opucry Urtpaycy Bompoc: "Hmen nu bor BbIOOD,
co3naBasi Bcenennyro?" B konme 16 Beka Kemep Obin
yboexaen, uto bor cozman Bcenennyro, B COOTBETCTBHUE C
HEKOTOPBIMU COBEpUICHHBIMU MaTeMaTUYeCKUMU
npuHuunaMu. HBIOTOH Mokas3al, 4TO T€ JK€ caMble
3aKOHBI, KOTOPBIE JEUCTBYIOT Ha HeOecaX, NEeHUCTBYIOT H
Ha 3emiie, M pa3paboTall MaTeMaTHYeCKUE YpaBHEHUS,
YTOOBI ONUCATh 3TU 3aKOHBI, KOTOPbIE OKa3alMCh TaKUMHU
U3SIIHBIMU, YTO OHU 3apa3uiiM MHOTMX y4yeHbIX 18 Beka,
KOTOpbIE HaMEpeBAJIUCh HCIOJIb30BATh HUX, YTOOBI
JI0Ka3aThb, 4To bor ObU1 MaTEMaTHKOM.

nature can be explained by the existence of
multiple universes. Many people through the ages
have attributed to God the beauty and complexity
of nature that in their time seemed to have no
scientific explanation. But just as Darwin and
Wallace explained how the apparently miraculous
design of living forms could appear without
intervention by a supreme being, the multiverse
concept can explain the fine-tuning of physical law
without the need for a benevolent creator who
made the universe for our benefit.

Einstein once posed to his assistant Ernst
Straus the question “Did God have any choice
when he created the universe?” In the late
sixteenth century Kepler was convinced that God
had created the universe according to some perfect
mathematical principle. Newton showed that the
same laws that apply in the heavens apply on
earth, and developed mathematical equations to
express those laws that were so elegant they
inspired almost religious fervor among many
eighteenth-century scientists, who seemed intent
on using them to show that God was a
mathematician.



Co Bpemen HproToHa 1, 0cOOeHHO, DIHINTEHA, IIETBIO
¢usuky  ObUIO HAWTH MaTeMaTUYeCKUE TMPUHIIHUIIBI,
KOTOpBIe TIpeackaspiBall Kemiep, ¥ C TOMOIIBIO HHUX
CO3/aTh CIUHYI0 TEOPUI0 BCETO, YTO TIO3BOJUIO OBI
MIPOCUYNTATh KaXABIH 3JIEMEHT MAaTePUU U CHJI, KOTOPBIC
MBI HaOJIOJaeM B MpUpoJe. B KOHIE AEBATHAALATOTO -
Hayaje JBaJllaToro Beka, MakcBenn W ODHHINTEHH
OOBEIMHUIIN TEOPUU DIJIEKTPUUECTBA, MarHeTu3Ma H

cBeToBOro wm3naydeHus. B 1970-x Owputa  co3maHa
CTaHJapTHAasT MOJENb - €IWHas TEOpUsS CHIBHOTO U
ci1aboro SIEPHOTO B3aUMOJEHCTBUS 51

AJIEKTPOMATHUTHOIO B3auMOJAEUCTBUA. Teopus CTpyH H
M-teopust ObUTM CO3/1aHbI, YTOOBI BKIIOYUTH B €IUHYIO
TEOPHUIO OCTAaBILIEECS TPABUTAIIMOHHOE B3aMMOJICHCTBHE.
Lenpto ObUIO HAWTH HE MPOCTO EIUHYIO TEOPHUIO, KOTOPAS
OOBSACHSAECT BCEC OTH B3aUMOJCHCTBHSA, HO TaK JKE
00BsicHsIeT GyHTaMEHTABHBIE COCTABIISIFOIINE, O KOTOPBIX
MBI TOBOPWJIHM: CHJIBI B3aUMOJCHCTBHUSA, MAacChl U 3apsibl
3JeMeHTapHbIXx vactull. Kak BbeIpaswics OWHIITENH,
Hajexxaa Oblla B TOM, YTOOBI MOKHO OBLIO CKa3aTb, YTO
"mpupoja Tak YCTPOEHA, YTO BO3MOXHO JIOTMUYECKH
chopMynupoBaTh TaKH€ CTPOTO JETEPMHUHUPOBAHHBI
3aKOHBI, KOTOPBIE HCIOJB3YIOT TOJBKO paluOHAIbHBIC
MOJIHOCTBIO OTIPEICJICHHBIE KOHCTAHTHI (CJIeI0OBATEIBHO,
HE T¢ KOHCTaHTbI, YbH 3HAUCHHS

Ever since Newton, and especially since
Einstein, the goal of physics has been to find
simple mathematical principles of the kind Kepler
envisioned, and with them to create a unified
theory of everything that would account for every
detail of the matter and forces we observe in
nature. In the late nineteenth and early twentieth
century Maxwell and Einstein united the theories
of electricity, magnetism, and light. In the 1970s
the standard model was created, a single theory of
the strong and weak nuclear forces, and the
electromagnetic force. String theory and M-theory
then came into being in an attempt to include the
remaining force, gravity. The goal was to find not
just a single theory that explains all the forces but
also one that explains the fundamental numbers
we have been talking about, such as the strength
of the forces and the masses and charges of the
elementary particles. As Einstein put it, the hope
was to be able to say that “nature is so constituted
that it is possible logically to lay down such
strongly determined laws that within these laws
only rationally completely determined constants
occur (not constants, therefore, whose numerical



MOTYT OBITh M3MEHEHBI, HE pa3pymias Teoputo)". Ennnas
TEOpHsI BPsiA JIM MMeda Obl TOUHYIO HACTPOMKY, YTOOBI
MO3BOJINTh HaM cyimiecTBoBaTh. Ho ecimu B cBete
NOCIEAHUX JOCTHKEHUH Mbl HHTEPIPETUPYEM MEUTHI
DWHIITEHHA O €UHON TEOPUH, KOTOpas OOBICHSET ATy U
JIpYTU€ BCEJEHHBIE, C UX ILEJIBIM CIIEKTPOM Ppa3IU4HbIX
3aKOHOB, TO M-Teopusi Moria Obl CTaTh TaKOW TEOPUECH.
Ho saBigercs nmu M-teopust €IMHOM, WIM HYKIAETCS B
JHOOBIX MPOCTHIX JIOTUYECKUX MpUHIUIAX. MoXeM J1 MBI
OTBETUTH Ha BOINPOC, moueMy M-teopusi?

value could be changed without destroying the
theory).” A unique theory would be unlikely to
have the fine-tuning that allows us to exist. But if
in light of recent advances we interpret Einstein's
dream to be that of a unique theory that explains
this and other universes, with their whole
spectrum of different laws, then M-theory could
be that theory. But is M-theory unique, or
demanded by any simple logical principle? Can we
answer the question, why M-theory?
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BEJIMKNU 3AMBICEJI THE GRAND DESIGN



B OTOM KHHMI'E MBI TIOKA3AJIM, xak

3aKOHOMEPHOCTH B JBWKEHUU AaCTPOHOMHYECKHX TEJI,
takux kak Cousnie, JlyHa U miaHeTsl HABOJST HA MBICIb,
YTO OHHM TIOJUYUHSIOTCS OMPECICHHBIM 3aKOHAM JIy4IIIe,
yeM ecind Obl OHM ObUM OOBEKTAMM MPHUXOTEH WU
kanpu3oB bora wim apsBona. B Hawane cyiiecTBOBaHHE
3aKOHOB OBLUIO OYEBHIHO TOJBKO B aCTPOHOMHH (WM
acTPOJIOTHH, KOTOPas pacCMaTPUBAIIACh KaK TO e CaMoe).
JIBikeHHe Tell Ha HeOe SBJISETCA CTOIb CJIOKHBIM H
3aBUCUT OT MHOTUX ()aKTOPOB, YTO PAHHHE ITUBUIN3AINH
ObUTM HE B COCTOSIHMH TPEACTaBUTh YETKHUE MOJICTH WIIU
3aKOHBI, oOycnaBirBaeMbIe ITUMHU SIBJICHUSIMU.
[TocTenenHno, ogHAaKO, HOBBIE 3aKOHBI OBLIM OTKPBHITHI B
00JacTsX, OTIMYHBIX OT aCTPOHOMHH, M 3TO TMPHUBEIO K
uaee HaydyHoro aerepmuHusma. [lpeamonaraercsi, 4ToO
JOJKeH OBITh OMHCAaH TMOJHBIA W 3aBEepIICHHBINH CBOJ
3aKOHOB, TaK YTOOBI HMMEs OINpPEICICHHOE COCTOSHUE
BcenenHoii B ompeneneHHbII MOMEHT BPEMEHH, MOXHO
Obt0 OBl TOYHO TMpeacKa3aTh, Kak Bcenennas Oyner
pa3BuBaTbca B OyAymieM. OTH  3aKOHBI  JIOJKHBI
coOmo1aThCsl BE3/Ie M BO BCE BPEMEHA, MHA4Y€ OHU HE
Obutd OBl 3akoHamMu. M He HODKHO OBITH HUKAKHX
UCKIIIOUeHN uiu gyzaec. bor wim [psBon He Morim ObI
BMEILIMBATHCS B pa3BUTHE BceneHHoi.

IN THIS BOOK WE HAVE DESCRIBED how
regularities in the motion of astronomical bodies
such as the sun, the moon, and the planets
suggested that they were governed by fixed laws
rather than being subject to the arbitrary whims
and caprices of gods and demons. At first the
existence of such laws became apparent only in
astronomy (or astrology, which was regarded as
much the same). The behavior of things on earth
is so complicated and subject to so many
influences that early civilizations were unable to
discern any clear patterns or laws governing these
phenomena. Gradually, however, new laws were
discovered in areas other than astronomy, and this
led to the idea of scientific determinism: There
must be a complete set of laws that, given the state
of the universe at a specific time, would specify
how the universe would develop from that time
forward. These laws should hold everywhere and
at all times; otherwise they wouldn’t be laws.
There could be no exceptions or miracles. Gods or
demons couldn’t intervene in the running of the
universe.



B To Bpems, korma BriepBbie ObUT IPEITIOKEH HAYUIHBIN
JNETePMUHU3M, 3aKOHbl HpIOTOHAa 0 [BIXKEHHH W
rpaBUTAllMd OBUITM €IUHCTBEHHBIMH 3aKOHaMH. MBI
IoKa3ajld, KaKk d3TH 3aKOHBI OBUIM  JOMOJHEHBI
OWHIITEHHOM B CBOEH 00IIel TEOpUH OTHOCHUTEIHHOCTH,
U Kak OBUIM OTKPBITHI JPYTHE 3aKOHBI, OINHCHIBAIOIINEC
JIPYTUE aCIIEKThl MUPO3IaHHUS.

3aKoHBI €cTecTBa OOBSACHSAIOT HaM, Kak BcenenHas
pa3BUBAETCsA, HO OHM HE MOTYT OTBETHTh Ha BOIPOC:
noueMy HMEHHO Tak? BoT Bompochl, KOTOpble ObUIM
IIOCTaBJIEHLI B HaYaJIe 3TOM KHUTH:

Touemy neumo nyuwe, uem Huue20?

Touemy movl cywecmayem?

Touemy cywecmgyem umeHHO 3mMom HAOOP 3aKOHOS , 4
He opyzou?

HekoTopbie OTBETAT HA 3TU BOMPOCHI, YTO CYIIECTBYET
bor, koropelii pemua co3gaTh MHPO3JIaHUE HMEHHO
TakuM. Pe30oHHO cmpocuTh, KTO WIM YTO CO3JaJ0
Bcenennyro, HO ecnm otBetomM Oyaer - bor, Torma
€CTECTBEHHO BO3HHUKAET BOIPOC, a KTO co3aan bora? Eciu
MPUHATH Ty TOYKY 3PEHHS, TO €CTh HEKOTOPAasl CYLUIHOCTb,
KOTOpasi HEe HYKJAeTcs B co3jaTelie, U 3Ta CYIIHOCTh
Ha3biBaeTcst borom. 3to mpuBoauTcs,

At the time that scientific determinism was first
proposed, Newton’s laws of motion and gravity
were the only laws known. We have described how
these laws were extended by Einstein in his
general theory of relativity, and how other laws
were discovered to govern other aspects of the
universe.

The laws of nature tell us how the universe
behaves, but they don’t answer the why?
questions that we posed at the start of this book:

Why is there something rather than nothing?

Why do we exist?

Why this particular set of laws and not some
other?

Some would claim the answer to these
questions is that there is a God who chose to
create the universe that way. It is reasonable to
ask who or what created the universe, but if the
answer is God, then the question has merely been
deflected to that of who created God. In this view it
is accepted that some entity exists that needs no
creator, and that entity is called God. This is



KakK TIJIaBHBIM aprymMeHT Toro, uro bor cymectByer. Mbl
XOTHM, OJHAKO, IIOJIy4YUTb OTBET Ha OTOT BOIPOC
UCKJIFOUUTENILHO BHYTPU c(epbl HayKu, 0€3 IpUBJICUCHUS
00KECTBEHHBIX CHII.

B coorBerctBHE € Hzaeed  MOAEIBHO-3aBUCHUMOIO
peann3ma, mpexacraBieHHoro B [yaBe 3, Ham Mo3r
MHTEPIPETUPYET IOCTYNAIOIIYK Yepe3 Hallu OpraHbl
YyBCTB MH(OPMALUIO, CO3aBasi MO/ICTb BHEUIHETO MUDA.
Msl ¢opmMupyeM BHYTpEHHEE HpPEICTaBICHHE O HalIeM
JIOME, JIepeBbsX, OPYIUX JIOAAX, OJIIEKTPUYECTBE B
pO3€TKax, aTOMax, MOJIEKyJlaX U APYTUX CYIIHOCTSIX. JTO
BHYTPEHHEE IIPEJICTABICHUE SBIAETCA EIUHCTBEHHOU
pEAIbHOCTBIO, KOTOPYIO MBI MOXKEM IoHuMaTb. He
CyIIECTBYET MOJEIbHO HE3aBUCHMOIO ITOATBEPKIACHUS
peanmpHOCTH. M3 3TOrO  Ccnemyer, 4Yro  XOpOIIO
CKOHCTPYMpPOBaHHasi MOJIENIb CO3JAaET CBOIO COOCTBEHHYIO
peanbHOCTh. [IpuMepoM TOro, 4ro MOKET NOMOYb HaMm
MOHATH O PEATBHOCTH U CO3/1aHuH, siBisieTcss Urpa XKuszuu,
u3zo0pereHHass B 1970 romy MoJoabIM MaTeMaTHKOM M3
Kem6puxa mo umenu J[>xon Konseid.

CrnoBo "urpa" B Urpe XKusHu siBnsercss 0OMaH4YMBBIM
TepMHUHOM. TaMm HeT HHM nmoOenuTeNneld HU MPOUTPaBIIUX,
dakThuecku, Tam HeT urpokoB. Mrpa XKuzuu - He
HaCTOAIIas Urpa, a Habop 3aKOHOB, KOTOPBIE YIPABIISIOT
JIByMepHOU Bcenennoil. OT1o nerepMuHMpOBaHHAs

known as the first-cause argument for the
existence of God. We claim, however, that it is
possible to answer these questions purely within
the realm of science, and without invoking any
divine beings.

According to the idea of model-dependent
realism introduced in Chapter 3, our brains
interpret the input from our sensory organs by
making a model of the outside world. We form
mental concepts of our home, trees, other people,
the electricity that flows from wall sockets, atoms,
molecules, and other universes. These mental
concepts are the only reality we can know. There is
no model-independent test of reality. It follows
that a well-constructed model creates a reality of
its own. An example that can help us think about
issues of reality and creation is the Game of Life,
invented in 1970 by a young mathematician at
Cambridge named John Conway.

The word “game” in the Game of Life is a
misleading term. There are no winners and losers;
in fact, there are no players. The Game of Life is
not really a game but a set of laws that govern a
two-dimensional universe. It is a deterministic



Bceenennas: EnuHOXABI Bbl yCTaHABIMBAETE HAYAIBHYIO
KOH(UTypaluio WIA yCIOBUS, a 3aKOHBI IIOMOTYT TOYHO
OTIPEENUTh, YTO MPOU30UIET B OyIyILIEM.

BooOpaxaemsrii mup KonBes sBisieTcst KBaapaTHOMH
MaTpuued, IO  THUIy  I[IaXMaTHOM  JIOCKH,  HO
OPOCTHUPAIOIIEHCS TI0 BCEM CTOPOHAM OECKOHEYHO.
Kaxnasgs kimerka MOXKET HAXOAMTHCS B OOHOM U3 JBYX
cocrosguuii. JKuBasi (3eqieHBIA 1BET) WJIM MepTBas
(uepnbiit). Kaxmas kieTka HMeET BOCEMb COCETHUX
KJIETOK: CBEpPXY, CHMU3Y, CJIEBa, CIIpaBa U YETHIPE KIIETKU
1o auaroHayiv. Bpems B atoM "mupe" He HEmpepbIBHOE, a
JUCKPETHOE. JHaercs HEKOTOpOE Ha4yaJIbHOE
pPacnoioKEHUE MEPTBBIX U KUBBIX KJIETOK, YUCIO KUBBIX
COCEHUX KJIETOK ONPEIEIISET, YTO IPOU30MAET AaJbIIE B
COOTBETCTBUE CO CIAEAYIOIIMMU 3aKOHAMM:

1. J)KuBas kneTka, psioM ¢ KOTOPOIl HaXOAATCs ABE WIN
TPHU KUBBIC KJIICTKHW BHDKUBACT.

2. MepTtBasg KjeTKa, HMMeEIOLIas POBHO TPU JKUBBIX
cocefia, CTaHOBUTCSI )KUBOM KJIETKOU (pOXKJI1aeTcst).

3. Bo Bcex apyrux ciaydasx KIETKH JIMOO yMHparoT,
1100 ocTaroTcad MEPTBBIMU. B cityuae, eciau jkuBas KileTKa
MMEET HOJIb WM OJHOTO >KMBOIO COCENA, CUYUTAETCA, UTO
OHa yMepJiia OT OJMHOYECTBA; €CIM K€ OHa UMeeT Ooiee
TPEX JKUBBIX COCEAEH, TO CUMTAETCS, YTO OHA ymepia OT
IIEpEHACEIICHHUS.

universe: Once you set up a starting configuration,
or initial condition, the laws determine what
happens in the future.

The world Conway envisioned is a square array,
like a chessboard, but extending infinitely in all
directions. Each square can be in one of two
states: alive (shown in green) or dead (shown in
black). Each square has eight neighbors: the up,
down, left, and right neighbors and four diagonal
neighbors. Time in this world is not continuous
but moves forward in discrete steps. Given any
arrangement of dead and live squares, the number
of live neighbors determine what happens next
according to the following laws:

1. A live square with two or three live neighbors
survives (survival).

2.A dead square with exactly three Ilive
neighbors becomes a live cell (birth).

3. In all other cases a cell dies or remains dead.
In the case that a live square has zero or one
neighbor, it is said to die of loneliness; if it has
more than three neighbors, it is said to die of
overcrowding.



Oto Bce mpaBwia, npuctynuMm. Jlaercs HavaigbHOE
yCIIOBUE, U 3aKOHBl HAYMHAIOT MOPOXKJATh MOKOJIEHUE 3a
nokosieHueM. M30mmpoBaHHBIE OJIHA JKUBAs KIIETKA WIIH
JIBE€ COCEJIHUE YKUBbIE KJIETKH YMHPAIOT MPHU CIEIYIOIIEM
JAUCKPCTHOM Iar¢ BPEMCHH, ITOCKOJIbBKY OHH HE HMCHO
JIOCTaTOYHOE KOJUYECTBO J>KUBBIX coceleid. Tpu >KuBbIe
KIJICTKHU, PACIOJOXKCHHBIC II0 AWAaroHajld JKUBYT YYThb
noneiie. Ilocme mepBOoro BpeMEHHOro IIara yMHUPAIOT
KOHEUHBIE KJIETKH, Ha CIEOYIOLIEM IIare yMUpPaeT yxKe
cpenusis kierka. Jliobas auaroHanmpHas JHMHUS SKUBBIX
KJIeTOK "ucnapsercs" TakuMm BOT oOpazoM. Ho eciu Tpu
JKUBBIX KIJIETKH PAcCIONaraloTcsi TOPU3OHTAIBHO B P,
CHOBa IICHTpajbHAas KIETKAa HMEET JIBYX coceledl u
BBDKUBAET, a JIBE€ KOHEYHBIE - YMUPAIOT, HO B 3TOM CIIy4ae
KIJICTKH, HaXOoJAIIHUECA BBIINIEC W HHUKC HCHTpaJIBHOﬁ
pOXIAIOTCS  coracHo  3akoHy.  [loatomy  psan
npeBpamiaeTcs B KOJOHKY. AHAJIOTUYHO, MPHU CIIEAYIOIIEM
miare KOJIOHKa IpeBpallaeTcs B psal U Tak ganee. Takas
KoJeOonasicss KoHpurypanus HazbiBaeTcs "pene'.

That's all there is to it: Given any initial
condition, these laws generate generation after
generation. An isolated living square or two
adjacent live squares die in the next generation
because they don’t have enough neighbors. Three
live squares along a diagonal live a bit longer. After
the first time step the end squares die, leaving just
the middle square, which dies in the following
generation. Any diagonal line of squares
“evaporates” in just this manner. But if three live
squares are placed horizontally in a row, again the
center has two neighbors and survives while the
two end squares die, but in this case the cells just
above and below the center cell experience a birth.
The row therefore turns into a column. Similarly,
the next generation the column back turns into a
row, and so forth. Such oscillating configurations
are called blinkers.



Pesie. Pene sBnsieTcst mpocTEHIIMM THIIOM KOMITO3UTHOTO OOBEKTa B
Urpe Kuzuu.

Ecnu Tpu >XKuBble KJIETKM PpAacHOJOXKEHbI yriioM (B
¢dopme L), mpoucxomut crnenyromee. llpu crenyromem
11are poX/1aeTcsi HeAOCTArOIas 10 KBajpaTa 2X2 KJIeTKa U
IIOJIy4aeTcsl KBajapaT. biok, mpuHaiexamui K TakoMy
TUIy Ha3BaHHOMY "oOpa3noM", TpOJODKAET >KUTH,
MOTOMY YTO OH C TEUEHHUEM BpEeMEHU OyJIeT HEM3MEHHBIM.
MHorue Tunsl "o0pa3noB" sBIAOTCA TpaHchopmepamu,
MOCKOJIBKY HX COCEJHHE KJIETKH TO YMHUPAIOT, TO
POXIAIOTCS,, U B WTOre 4Yepe3 HEKOTOpPOe KOJINYECTBO
miaroB  "oOpasen" NPUHUMAET CBOK IE€PBOHAYAIBHYIO

dopmy.

Blinkers Blinkers are a simple type of compasite object in the Game
of Life.

If three live squares are placed in the shape of
an L, a new behavior occurs. In the next
generation the square cradled by the L will give
birth, leading to a 2 x 2 block. The block belongs
to a pattern type called the still life because it will
pass from generation to generation unaltered.
Many types of patterns exist that morph in the
early generations but soon turn into a still life, or
die, or return to their original form and then
repeat the process.



Ipouronus k 3acroiinoi JKuzuu. Hexotopble KOMIIO3UTHEBIE
00BexThI B Virpe JKn3HN NpUHUMAIOT CO BpeMEHEM HEU3MEHSIEMYIO

dopmy.

CymiecTByeT Tak e MOJeJb, Ha3BaHHAs "Tirccepom”,
KOTOpass MeEHseT CBOI (OpMy U TIOCIE€ HECKOJIbKUX
TpaHcopMalMii HPUHUMAET CBOIO IEPBOHAYAIbHYIO
¢opMy, HO B TMO3UIMH, CMEIIEHHOH OTHOCUTEIHHO
NepBOHAYAJIbHOM Ha OJHY KJIETKY MO AuaroHanu. Eciu Bel
noHab0jaeTe HEKOTopoe Bpems, To '"rimccep" Oyner
MeMJIEHHO Moi3TH 1o juaroHanu. Korma '"rimmccepsr”
CTAJIKUBAIOTCS, MOTYT NMPOU30MTH JIIOOOMBITHBIE BEIlld, B
3aBUCUMOCTH OT (POPMBI KKJIOTO "Tiauccepa" Ha MOMEHT
CTOJIKHOBEHHUS.

Evolution to a Still Life Some composite objects in the Game of Life
evolve into a form that the rules dictate will never change.

There are also patterns called gliders, which
morph into other shapes and, after a few
generations, return to their original form, butin a
position one square down along the diagonal. If
yvou watch these develop over time, they appear to
crawl along the array. When these gliders collide,
curious behaviors can occur, depending on each
glider’s shape at the moment of collision.
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I'nuccepwl. [nuccepsl TpanchopMHUPYIOTCS 1 BHOBb TPUHUMAIOT
MePBOHAYANIBHYIO (HOPMY, OKa3hIBASICh CMEIIICHHBIMHY IO JHATOHAIN
Ha OJIHY KIIETKY.

[ToueMy HaM MHTEpECEH 3TOT BUPTyaJbHbIN MUp? XOTH
ero ¢yHnameHTtanbHas "¢uszuka" OuYeHb WPOCTa, €ro
"XumMusa" MOXKET OBITh JOBOJBHO CiIOXHA. KoMro3utHbie
00BEKTHI MOXHO paccMaTpUBaTh C pa3HbIX ypoBHe#l. Ha
NepBOM YpOBHE (yHIaMeHTalbHas (u3uka cooOuaer
HaM, YTO CYIIECTBYIOT TOJBKO >KMBBIE€ U MEPTBBIEC KJIETKH.
Ha cnenyromem ypoBHe cymiecTByrOT "rimccepsl”, "perne"
u "oOpasubl". Ha crnenyromeM ypoBHE CYIIECTBYIOT JaXKe
Oosee clOXHbIE OOBEKTHI, Takue Kak '"TPOU3BOJIUTEIDb
rmccepoB': HenonBmwxHbie ~ 00BEKTHI,  KOTOpHIE
NePUOANYECKHU MOPOXKIAIOT HOBBIE "TiiMccepbl”, KOTOphIE
MOKUJIAIOT CBOE€ 'THE310" M YCTPEeMIISIIOTCS BHHU3 TIO
JMaroHaJIu.

Ecnu BBl moHabmo1aeTe 3a BUPTYaIbHBIM MUPOM Mrphl
Kuznu Ha

Gliders Gliders murph thrnugh these intermediate shapes, then
return to their original form, displaced by one square along the
diagonal,

What makes this universe interesting is that
although the fundamental “physics” of this
universe is simple, the “chemistry” can be
complicated. That is, composite objects exist on
different scales. At the smallest scale, the
fundamental physics tells us that there are just
live and dead squares. On a larger scale, there are
gliders, blinkers, and still-life blocks. At a still
larger scale there are even more complex objects,
such as glider guns: stationary patterns that
periodically give birth to new gliders that leave the
nest and stream down the diagonal.

If you observed the Game of Life universe for a



HEKOTOPOM ypOBHE, BBl CMOXETe C(OopMyIHpoOBaThH
3aKOHBI, 10 KOTOPBIM BeOyT ce0si OOBEKTHI Ha 3TOM
ypoBHe. Hanpumep, Ha 3TOM ypOBHE OOBEKTOB BBl MOXKETE
OTKpPBITh 3aKOHBbI Takue, Kak "BJIOKM HuUKOrIa He
nsurarorcs”, "I'uccepsl nepemMeniaroTcs o guaroHanu" u
pa3linuHbIe 3aKOHBI JUISI TOrO Cliydasl, KOTJa OOBEKThI
CTAJIKUBAIOTCSA. MOXKHO CO3/1aTh LEIOCTHYIO (DU3UKY IS
JTH000r0 yYpOBHS KOMITO3MTHBIX OOBEKTOB. DTH 3aKOHBI
MOBJIEKYT 3a COOOW HOBBIE CYIIHOCTH W KOHIICIIIIHH,
KOTOPBIX HE OBUIO CpelM TIePBOHAYAILHBIX 3aKOHOB.
Hamnpumep, B nepBoHaYaJIbHBIX 3aKOHAX HE OBUIO TaKHX
MOHATHHM, Kak  '"cTolkHOBeHue" ®  "jgBHiKeHHE'.
[TepBoHavaibHBIC 3aKOHBI OMHUCBHIBAIM TOJBKO JKHU3Hb H
CMEpPTh OTACIBbHBIX HEMOJABWKHBIX KIETOK. B Hamem
BUpTyalibHOM Mupe, B Mrpe JKus3Hu, Bamia peanbHOCTbH
3aBUCHUT OT MOJIEIH, KOTOPYIO BBI UCIIOJIb3YETE.

while on any particular scale, you could deduce
laws governing the objects on that scale. For
example, on the scale of objects just a few squares
across you might have laws such as “Blocks never
move,” “Gliders move diagonally,” and wvarious
laws for what happens when objects collide. You
could create an entire physics on any level of
composite objects. The laws would entail entities
and concepts that have no place among the
original laws. For example, there are no concepts
such as “collide” or “move” in the original laws.
Those describe merely the life and death of
individual stationary squares. As in our universe,
in the Game of Life your reality depends on the
model you employ.
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HauanbHas Kondurypauus Ilponssoaurens I'iuccepos.
[TpousBoauTeNb TAUCCEPOB MPHOIU3UTENBHO B IECATh pa3 OoblIe
ramccepa.

KoHBell 1 ero cTymeHTsl co3/anu 3TOT MHUpP, NOTOMY
YTO OHHU XOTEJIM y3HATh, MOXKET JIM HEKUW BUPTYaJIbHBIN
MUp (C HayaJdbHBIMU MPOCTHIMU 3aKOHAMHU, KOTOpPbHIE OHU
YCTAHOBMJIM), COJIEP’KATh JOCTATOYHO CIOXKHbBIE OOBEKTHI,
CIOCOOHBIE K BOCHPOM3BOACTBY. B sTom mupe Urpsr
Ku3Hu CymiecTBYIOT JIM KOMIO3UTHBIE OOBEKThI, KOTOPbIE
Ha OCHOBE II€PBOHAYAIBHBIX 3aKOHOB Ha HEKOTOPOU
CTaJuy HAYHYT BOCIIPOU3BOIUTH

Initial Configuration of the Glider Gun The glider gun is roughly ten
times as large as o glider.

Conway and his students created this world
because they wanted to know if a universe with
fundamental rules as simple as the ones they
defined could contain objects complex enough to
replicate. In the Game of Life world, do composite
objects exist that, after merely following the laws
of that world for some generations, will spawn



HOBbIE 00BEKThI? KOHBEH W €ro CTYJAEHTHI HE TOJIBKO
IPOJEMOHCTPUPOBAIIN, YTO 3TO BO3MOXHO, HO OHHU JaXe
MOKa3ajl, YTO TakOW OOBEKT SBISETCS, B HEKOTOPOM
cMmblcie, pasyMHbIM! UTO MBI mogpa3syMeBaeM MOJ 3TUM?
Ecnu TOuHee, TO OHM MOKa3aau, 4YTO OIPOMHAas
KOHIJIOMEpalus KJIETOK, KOTOPbIE CaMOBOCIIPOU3BOSTCS,
SABJSIETCS yHUBEpcaibHON ThlopuHroBo MamuHou. s
Hac 3TO MOXET O3HayaTb, YTO HEKOTOPbIE BBIUMCIICHHUS
KOMIIBIOTEp B HalleM (QU3NYECKOM MHpPE MOXET, B
IPUHLINIE, BBINOJIHUTH, €CIIM €MY IPEIOCTaBUTh UYETKHE
BXOJIHbIE JaHHbIE - O0O0ECHeYUTh COOTBETCTBYIOIIYIO
BUpTyalbHOMY Mupy Hrpsl XXusnu cpeny - tormga depes
HEKOTOPOE BpeMsi KOMITbIOTEPHBI MUP OYIEeT HAXOAUTHCS
B TOM COCTOSIHUM, KOTOPOE€ MOXHO CpaBHUTb C
MpeICKa3aHHbIMU pe3ynbTaTaMmu KOMITbIOTEPHOTO
pacuera.

others of their kind? Not only were Conway and
his students able to demonstrate that this is
possible, but they even showed that such an object
would be, in a sense, intelligent! What do we mean
by that? To be precise, they showed that the huge
conglomerations of squares that self-replicate are
“universal Turing machines.” For our purposes
that means that for any calculation a computer in
our physical world can in principle carry out, if the
machine were fed the appropriate input—that is,
supplied the appropriate Game of Life world
environment—then some generations later the
machine would be in a state from which an output
could be read that would correspond to the result
of that computer calculation.



time = 116

Ipoussoaurens I'muccepos Iocae 116 ara. Co Bpemenem
MPOU3BOIUTENb TIMCCEPOB MEHsET popMy, MOPOXKIAET TIIHCCEP U
3aTeM NPUHUMAET CBOIO NMEPBOHAYAIBHYIO ((OPMY U MOJIOKEHHUE.
ITpouecc noBTOpsieTcst 10 GECKOHEUHOCTH.

UToOBI MOYYBCTBOBATH, KaK 3TO pabOTaeT, MOJAyMaNTe,
YTO TPOM3OWIET, KOrga 'IiMccep" CTaIKHUBAETCA C
IpOCThIM 2X2 GJI0KOM KUBBIX KieTok. Eciu "rnmccepsr”
npuOJIMKAI0TC HOPMAIIbHBIM 00pa3oM, TO OJI0K, KOTOPBIi
SBJISIETCS CTAlMOHAPHBIM, HAYHET JIBUTAThCS K UCTOUYHUKY
"rmuccepa", mubo ot Hero. TakuM o6pazom, 6JI0K MOXKET

time = 116

The Glider Gun After 116 Generations With time, the glider gun
changes shape, emits a glider, and then returns to its original form
and position. It repeats the process ad infinitum.

To get a taste for how that works, consider what
happens when gliders are shot at a simple 2 x 2
block of live squares. If the gliders approach in just
the right way, the block, which had been
stationary, will move toward or away from the
source of the gliders. In this way, the block can



UMUTHUPOBATh KOMIBIOTEPHYIO MaMsTh. DaKTUYECKHU, BCE
OCHOBHBIC (DYHKIIMM COBPEMEHHOTO KOMIIBIOTEpA, TaKHe
kak Jsormueckue snemeHTel AND um OR, Takxke Mmoryr
ObITh BOCHpou3BeneHbl '"rnuccepamu’. Takum oOpazom,
KaK  DJJEKTPUYECKUE  CUTHANbl  HCIOJB3YIOTCS B
(Gu3NUEeCKUX KOMIBIOTEpax, MOTOK "TJIHCCEPOB" MOXKET
UCIIOJIb30BAThCS JJIsl OCBUIKH U 00paboTKU HHGOpMaIuu.

B MHrpe Xwu3Hu, Kak M B HauleM MHpe,
CaMOBOCITPOU3BOIALINECS OOBEKTHI SBIISIOTCS CIOKHBIMU
obbekTamu. 1o olieHke, OCHOBaHHOW Ha paHHUX paboTax
matematuka JIkona ¢on Heiimana, MHHUMAaIbHBIHI
pasmep caMOBOCIIpOM3BOAsIIETOcs oOBbekTa B Mrpe
Kvzau - necsiTe TPUIUIMOHOB KIIETOK - MPHUOIU3UTEIBHO
PaBHO KOJMYECTBY MOJIEKYJ] B OJHOW YEIOBEYECKOU
KIIETKE.

MoxHO omnpenenuTh KHU3Hb, KAaK KOMIUIEKCHYIO
CUCTEMY OTPaHHYEHHOTO pa3Mmepa, KOTopas CTabuiibHA U
BOCITPOMU3BOAUT caMa ceOst. OOBEKTHI, OMUCAHHBIC BHIIIIE,
COOTBETCTBYIOT  YCJIIOBUIO  PENPOAYKTUBHOCTH,  HO
BEpOSITHO HecTaOmiabHBL. HeOonbmioe Bo3zeiicTBUE U3
BHEIIHETO MHpaA BEPOATHO PaA3PYLIUT STOT TOHKUM
MexaHu3M. OJIHaKo, JIETKO NpPEICTaBUTh, YTO HEMHOTO
Ooinee CIOXKHBIE 3aKOHBI  TO3BOJIAT  CYILIECTBOBATb
KOMIUIEKCHBIM CHCTEMaM CO BCEMH aTpUOyTamH >KM3HH.
[IpencraBbTe CYyITHOCTH TAKOTO THIA, KaK OOBEKT B MUPE
Konges. Takoit 00bekT OyieT pearupoBaTth

simulate a computer memory. In fact, all the basic
functions of a modern computer, such as AND and
OR gates, can also be created from gliders. In this
manner, just as electrical signals are employed in a
physical computer, streams of gliders can be
employed to send and process information.

In the Game of Life, as in our world,
self-reproducing patterns are complex objects.
One estimate, based on the earlier work of
mathematician John von Neumann, places the
minimum size of a self-replicating pattern in the
Game of Life at ten trillion squares—roughly the
number of molecules in a single human cell.

One can define living beings as complex
systems of limited size that are stable and that
reproduce themselves. The objects described
above satisfy the reproduction condition but are
probably not stable: A small disturbance from
outside would probably wreck the delicate
mechanism. However, it is easy to imagine that
slightly more complicated laws would allow
complex systems with all the attributes of life.
Imagine a entity of that type, an object in a
Conway-type world. Such an object would respond



Ha BHEIIIHEE BO3JEHCTBUE, U, CIECIOBATEIbHO, IPUHUMATh
peuieHus. byner nu Takas )u3Hb UMETh co3HaHue? byner
JW OHA MBICIAIIEH? DTO BOMPOC, HA KOTOPBIA MHEHUS
pe3ko  pazmenuauck.  HekoTopele — cuuTaroT,  4TO
CaMOCO3HAaHUE XapaKTEPHO TOJIBKO U 4YEJIOBEKa. JTO
JaeT eMy cBOOOIy BOJIM, CLIOCOOHOCTh BBIOMPATh MEXIY
pa3IMYHBIMM BapUaHTaMU JECHCTBUM.

Kak MoXHO omnpenenutb, HUMEET JM CYLIECTBO
cBOOOIHYIO BoM0? Eciu KT0O-TO MOBCTpeyaeT NpUILenbla,
KaK CMOXET OH OIPEAEIUTh UYTO 3TO IPOCTO POOOT WIIN XKe
4yTo y Hero ectb pazym? IloBenenue pobGota sBisercs
MOJIHOCTbIO  JIETEPMUHUPOBAHHBIM, B  OTJIMYUE OT
oOnajaromero CcBoOOAHOM Bojel. XoTs MOXHO, B
IPUHIINIIE, AaTh ONpeJIeeHUE poOOTYy, KaK CyILECTBY, UbU
JNENCTBUS MOXKHO IpesckasaTh. Kak Mbl roBopunu B ['naBe
2, 3TO MOXET ObITh IMPAKTUYECKH HEBO3MOXKHO, €CIIH
CYIIECTBO SIBJISETCS OONBIIMM M CIOXKHBIM. MBI Jaxke He
MOKEM TOYHO pELINTh YpaBHEHHE ISl Tpex Hu Ooisee
YacTHIl, B3aUMOJEHCTBYIOIIMX Apyr ¢ apyrom. Kak u y
IpUILIeNblla, TEeJIO YeJIOBeKa COCTOMT M3  THICSUH
TPUJUIMOHOB TPWJUIMOHOB YACTHUL, M JaXe eciu Obl
npuienen; Obi1 0bl poOOTOM, ObUIO OBl HE BO3MOYKHO
pPEIINTh ypaBHEHUE M IIPEACKa3aTh €ro IOBEJCHUE.
[ToaToMy MOKHO cKa3aTh, YTO JIFOOOE CIOKHOE CYIECTBO
UMeeT CBOOOJHYIO BOJIIO - HE KaK OCHOBOIIOJIAraollylo
0COOEHHOCTb, a KaK JIeHCTBEeHHBIN MPUHITHII,

to environmental stimuli, and hence appear to
make decisions. Would such life be aware of itself?
Would it be self-conscious? This is a question on
which opinion is sharply divided. Some people
claim that self-awareness is something unique to
humans. It gives them free will, the ability to
choose between different courses of action.

How can one tell if a being has free will? If one
encounters an alien, how can one tell if it is just a
robot or it has a mind of its own? The behavior of a
robot would be completely determined, unlike that
of a being with free will. Thus one could in
principle detect a robot as a being whose actions
can be predicted. As we said in Chapter 2, this may
be impossibly difficult if the being is large and
complex. We cannot even solve exactly the
equations for three or more particles interacting
with each other. Since an alien the size of a human
would contain about a thousand trillion trillion
particles even if the alien were a robot, it would be
impossible to solve the equations and predict what
it would do. We would therefore have to say that
any complex being has free will-not as a
fundamental feature, but as an effective theory, an



MpU3HaBas Hally HECTIOCOOHOCTH MPOAENaTh BHIUMCICHHUS,
KOTOpbIEe OBl IpeACcKa3aTh HaM €ro OBEJCHHUE.

[Tpumep Urpsl XKuznn KonBes: mokasbIBaeT, 4YTO Jaxe
OYEHb MPOCTON HAOOP 3aKOHOB MOXKET MOPOJHUTD CI0KHOE
MIOBEJICHUE, BCTPEUAroLIeecs B pa3yMHON Ku3HH. J[0KHO
OBITh, CYIIECTBYET MHOr0 HAOOpOB 3aKOHOB C TaKUMH
cBoiictBamu. YTto oTinuaeT GpyHaaMeHTaIbHbIe 3aKOHBI (B
IIPOTUBOBEC OUYEBUIHBIM 3aKOHAM), KOTOPBIE YIPABISAIOT
Hamed Bcenennoi? Kak um B "mupe" KoHBesi, 3aKOHBI
Hailed BceneHHON ompenelsitoT SBOJIOLUI0 CUCTEMBI, €€
COCTOSIHHME B JIFOOOK MOMeHT BpeMeHu. B "mupe" Konses
MBI SIBJISIEMCSI CO3JAaTENIMU - Mbl BbIOMpaeM HadajbHOE
coctosiHMe "Mupa', onpenensis 00beKThl U UX IMOJOKEHHE
B Ha4aJjie Urphl.

B peanbHOoM Mupe anamoramMmu OOBEKTOB, TaKUX Kak
"rmuccepsl” B Urpe XKusuHm, sBISIOTCS 000COOIEHHOE
MmarepuaigbHoe Teno. JIro0oil Habop 3aKOHOB, KOTOPBIi
ONMCHIBAET pa3BUTHE MUpPA, NOJO0OHO Hamemy, Oyaer
OCHOBBIBaTbCSl Ha MPUHLUIE COXPAaHEHMs] DHEPIHH,
O3HAYAIOIIMM, YTO €€ BEeJIMYMHAa HE MEHSIeTCS Co
BpeMeHeM. OHeprus BceneHHoll OyneT MOCTOSHHOHM, He
3aBUCHMO HHM OT BpPEMEHH, HH OT COCTOSIHMS. MOKHO
BBIUNCJIUTDh 3Ty KOHCTaHTY JHEPIrUU BaKyyMa, HU3Mepss
SHEPTUIo JHO0ro 06beMa NPOCTPaHCTBA

admission of our inability to do the calculations
that would enable us to predict its actions.

The example of Conway’s Game of Life shows
that even a very simple set of laws can produce
complex features similar to those of intelligent life.
There must be many sets of laws with this
property. What picks out the fundamental laws (as
opposed to the apparent laws) that govern our
universe? As in Conway’s universe, the laws of our
universe determine the evolution of the system,
given the state at any one time. In Conway’s world
we are the creators—we choose the initial state of
the universe by specifying objects and their
positions at the start of the game.

In a physical universe, the counterparts of
objects such as gliders in the Game of Life are
isolated bodies of matter. Any set of laws that
describes a continuous world such as our own will
have a concept of energy, which is a conserved
quantity, meaning it doesn’t change in time. The
energy of empty space will be a constant,
independent of both time and position. One can
subtract out this constant vacuum energy by
measuring the energy of any volume of space



OTHOCHUTEIILHO TaKOTO k€ 00beMa IyCTOro MPOCTPAHCTBA,
TakuM 00pa3oM, MBI MOXEM Ha3BaTh MOCTOSIHHBIA HOJIb.
EnuHCTBEHHBIM — TpeOOBaHMEM, KOTOPOMY  JIOJDKEH
YIOBJICTBOPATh 3aKOH MPHPOJBI, SBISETCS TO, YTO OH
yCTaHaBIWBaeT, 4TOOBI AHEprus 000COOJEHHOTO Tena,
OKPYKCHHOTO MyCTBIM MIPOCTPAHCTBOM, ObLIa
MOJIO)KUTEILHOM, YTO O3HA4yaeT, 4YTO JOJJKHA OBITh
npojenana padbora, 4To0bI CO37aTh 3TO TEIIO. ITO MOTOMY,
4yTO ecinu OBl DSHEprusi 000COOJICHHOro Teia Oblia
OTPULIATENILHOM, TEIO0 MOTJ0 Obl OBITH CO3JaHO B
COCTOSIHMM JIBUOKCHHUS, TaK 4YTO €ro OTpHULaTeIbHas
sHeprusi Obula Obl TOYHO YPaBHOBEIICHA IOJIOKHUTEIbHOM
SHEpPruer ero ABWKeHWSA. Ecim 3To0 BepHO, TO HET
HUKAKMX OCHOBAaHWUW CYMTATh, YTO TeJida HE MOTYT
HOSIBISIThCS TAe-TuO0 wim Besne. Ilycroe mpocTpaHCTBO
Oyner moaToMy HecTtabmwibHBIM. Ho ecnu 3arpaumBaercs
SHEprusi JUIsl CO3/aHus O00O0COONEHHOTO Tena, TaKOu
HECTAaOMIILHOCTH HE MOXET OBITh, ITOTOMY YTO, KaK MBI
yKe TOBOPHIIM, dHeprus BceneHHOI JOMKHA OCTaBaThCS
nocrosiHHOW. MIMeHHO 310 nenaer BceeneHHyro JIOKalibHO
CTaOUIILHOM - OOBEKTHI HE JOJDKHBI MOSBIATHCS TIe-IH00
W3 HAYETO.

Ecnu momuass sHepruss BceeneHHOWM A0JDKHA Beeraa
OCTaBaThCsl HYJIEBOM, U HEOOXOIUMO 3aTpaTUTh YHEPTHIO,
yTOOBI CO3/JaTh TEJI0, KaK MOXET BcsI BceneHHas OBITh
co3maHa U3 HU4Yero. BoT moueMy MOKEH CYIIECTBOBATH
TaKOH 3aKOH, KaK TpaBHTalusa. Tak Kak TpaBUTAIHSL
MIPUTSITUBACT,

relative to that of the same volume of empty space,
so we may as well call the constant zero. One
requirement any law of nature must satisfy is that
it dictates that the energy of an isolated body
surrounded by empty space is positive, which
means that one has to do work to assemble the
body. That’s because if the energy of an isolated
body were negative, it could be created in a state of
motion so that its negative energy was exactly
balanced by the positive energy due to its motion.
If that were true, there would be no reason that
bodies could not appear anywhere and
everywhere. Empty space would therefore be
unstable. But if it costs energy to create an isolated
body, such instability cannot happen, because, as
we've said, the energy of the universe must remain
constant. That is what it takes to make the
universe locally stable—to make it so that things
don’t just appear everywhere from nothing.

If the total energy of the universe must always
remain zero, and it costs energy to create a body,
how can a whole universe be created from
nothing? That is why there must be a law like
gravity. Because gravity is attractive, gravitational



TO DJHEPrus TpaBUTALMUA SBIIETCS OTPHUIIATEIHLHOM.
HeoGxomumo mpousBecTn paboTy, UTOOBI pa3JeinuTh
TPABUTAIMOHHO CBSI3aHHYIO CHUCTEMY, TaKyl0 Kak 3eMJIs |
Jlyna. Dta oTpuUIaTenbHAs JHEPTHS MOXET OBITh
cOalaHCHpOBaHa MOJIOKUTEILHON SHEPTHEH,
HEOOXOIUMOM YTOOBI CO37aTh MAaTEpUIO, HO BCE HE Tak
npocto. OTpunaTenbHas rpaBUTAIMOHHAS SHEPTHS 3EMIIH,
K TpHUMEpPYy, MCHbBIIE, YeM IOJOXKHUTEIbHAS DHEPTHS
MUJUTHAPJIOB YaCTHIl, U3 KOTOPBIX OHA COCTOHMT. Teo,
TaKoe Kak 3Be3/a, OyJeT UMETh OOJbIIe OTPUIATEIBHOM
rPaBUTAIMOHHOW SHEPIHH, U YeM MEHbIIE OHA (YaCTHIIbI,
U3 KOTOPBIX OHA COCTOUT, HAXOIATCS OJIKe Ipyr K
opyry), Tem Oonbimie OyneT ee  OTpulaTeNlbHas
rpaBHTAMOHHAS SHEprusl. Ho IPEKIE, yeM
OTPHUIIATEIILHON TPAaBUTAIMOHHONW YHEPTUU MOXKET CTaTh
OOJIbIIe TOJIOKUTEIHHOW JHEPrUM BEIIECTBA, 3Be3Ja
CKOJITATICUPYET B YEPHYIO NBIPY, M 4YepHas Ablpa Oyder
UMETh TOJIOKHUTEIBHYIO JHEpPrui0. BoT mouemy mycroe
MPOCTPAaHCTBO cTabunbHO. Tena, Takue Kak 3BE3/bl WIH
YepHBIC JBIPBI, HE MOTYT TaK MPOCTO TIOSBIATHCA W3
Hudero. Ho nenas Beenennas moxer!

[TotoMy 4YTO TpaBHUTAIUMsA CO3/JaeT TPOCTPAHCTBO M
BpeMs, OHa TO3BOJIIET TMPOCTPAHCTBY-BPEMEHU OBIThH
JIOKAJILHO CTaOMJIBHBIM, HO T100aJIbHO HECTAaOWILHBIM. B
Macmrabax 1enol BceneHHOM, MONOXKUTEIbHAS dHEPTUS
MaTepuu MOXKET OBITh COaJlaHCHpPOBAaHA OTPHUIATEIHHOM
TPaBUTAIMOHHOW HHEPrHei, U TMOITOMY HE CYIIECTBYET
OTpaHWYCHUH Ha CO3JJaHKE [IEJTOCTHBIX BCEIICHHBIX.

energy is negative: One has to do work to separate
a gravitationally bound system, such as the earth
and moon. This negative energy can balance the
positive energy needed to create matter, but it's
not quite that simple. The negative gravitational
energy of the earth, for example, is less than a
billionth of the positive energy of the matter
particles the earth is made of. A body such as a star
will have more negative gravitational energy, and
the smaller it is (the closer the different parts of it
are to each other), the greater this negative
gravitational energy will be. But before it can
become greater than the positive energy of the
matter, the star will collapse to a black hole, and
black holes have positive energy. That's why
empty space is stable. Bodies such as stars or black
holes cannot just appear out of nothing. But a
whole universe can.

Because gravity shapes space and time, it allows
space-time to be locally stable but globally
unstable. On the scale of the entire universe, the
positive energy of the matter can be balanced by
the negative gravitational energy, and so there is
no restriction on the creation of whole universes.



[ToroMy 4TO cymiecTByeT 3aKOH rpaBuTanuu, BceneHHas
MOKET M OyJeT co3daBaTh caMy ceOsl U3 HUYETO TaK Ke
Kak Mbl onucaiii B ['nmaBe 6. CHoOHTaHHOE CO3/1aHHE
SIBJSIETCSL JIOBOJOM, YTO HEYTO JIydllle, 4YeM HHUYEro,
noueMy  Bcenennas — cymiecTtByeT, IOYEMY  Mbl
cymectByeM. Her HeoOxomuMocTu mpuBiIeKkarh bora,
4yTOOBI 3aIyCTUTh Beenennyio.

[Touemy cymecTByroT (yHIaMEHTAIbHBIC 3aKOHBI,
KOTOopble Mbl onucanu? OKOHYATENbHAs TEOpUs JOJHKHA
ObITH TOCJIEIOBAaTEIbHA M JIOJDKHA IIPEICKA3bIBAThH
KOHEYHBIE PE3yJIbTATHI JJIs1 BEJIMYMH, KOTOPBIE Mbl MOKEM
U3MEPUTh. MBI IOHSUIN, YTO AOJIKEH CYIIECTBOBATH TaKOU
3aKOH KaK T'paBUTalMs, U Mbl BUJenu B ['aBe 5, uro s
TOTO, YTOOBI TEOpHsS TpaBUTALMHM MPEJCKa3bIBAIA
U3MEpsieMble  BEJIMYMHBL, TEOpUs  JODKHA  HMETh
CYNEPCUMMETPUIO MEXKJy CHUJIaMU MPUPOJIBI U MaTepUEH,
Ha KOTOPYIO OHM JAEUCTBYIOT. M-Teopus - camasi oOras
CUMMETpUYHAasi TeOpus rpaBUTanuu. TakuMm oOpazom, M-
TEOpHsl  SIBJSETCS  €AMHCTBEHHBIM  KAaHJIWJATOM  Ha
3aKOHYEHHYI0  Teopuro  Bcenennoit.  Ecim at0
OKOHYATEeJIbHO - U 3TO €IIe HaJ0 J0Ka3aTh - To M-Teopus
Oyner mojenbio BeeneHnHoil, koTopasi co3gaeT cama ceOs.
MBI, TOMKHO OBITh, YacTh 3TOU BceneHHoM, MOCKOIBKY HE
CYIIECTBYET IPYTrOl COBMECTUMOM MOJIEIIH.

M-teopust sBIsieTCS 00bETUHEHHON TEOPHEH, KOTOPYIO
OHHIITEHH

Because there is a law like gravity, the universe
can and will create itself from nothing in the
manner described in Chapter 6. Spontaneous
creation is the reason there is something rather
than nothing, why the universe exists, why we
exist. It is not necessary to invoke God to light the
blue touch paper and set the universe going.

Why are the fundamental laws as we have
described them? The ultimate theory must be
consistent and must predict finite results for
quantities that we can measure. We've seen that
there must be a law like gravity, and we saw in
Chapter 5 that for a theory of gravity to predict
finite quantities, the theory must have what is
called supersymmetry between the forces of
nature and the matter on which they act. M-theory
is the most general supersymmetric theory of
gravity. For these reasons M-theory is the only
candidate for a complete theory of the universe. If
it is finite—and this has yet to be proved—it will be
a model of a universe that creates itself. We must
be part of this universe, because there is no other
consistent model.

M-theory is the unified theory Einstein was



nbITajCs co3AaTh. TOT (akT, YTO MBI, JIIOJH, CYILIECTBYEM,
SIBJISISICh HE Oomee  yeM  KOMIIO3UIMEH W3
dbyHIaMEHTANbHBIX ~ YacTUI[ MPUPOAbI, M UYTO MBI
OKa3aJMCh B COCTOSTHUM IOJAOWUTH K IIOHUMAHUIO 3aKOHOB,
JEHCTBYIOIIMX HAa Hac W Ha BceneHHyrw, sBisgercs
BenMyaimmmM TpuymMdpom! Bo3mMoxkHO, 4yoM sBiIseTCS TO,
yTOo aOCTpakTHbIE JIOTMYECKHWE BBIBOABI TMPUBEIN K
YHUKQJIBHOM  TEOpPUM, KOTOpas  INPEACKa3bIBaeT U
ONMUCHIBAET IPOMaJIHYIO Bcenennyto, MOJIHYIO
YAUBUTEIBHOTO MHOI000pa3us, KOTOPOE€ Mbl HaOJIIOJaeM.
Eciu »ta Teopus mnoATBepAUTCS HAOMIOACHUSIMH, 3TO
OyZJeT BBIIAIOIIMMCSI YMOIIOCTPOEHUEM, K KOTOPOMY JIFO/IU
nuw 6osiee 3000 stet. MbI OTKpOEM BEJTUKHIA 3aMBICEI.

hoping to find. The fact that we human
beings—who are ourselves mere collections of
fundamental particles of nature—have been able
to come this close to an understanding of the laws
governing us and our universe is a great triumph.
But perhaps the true miracle is that abstract
considerations of logic lead to a unique theory that
predicts and describes a vast universe full of the
amazing variety that we see. If the theory is
confirmed by observation, it will be the successful
conclusion of a search going back more than
3,000 years. We will have found the grand design.
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TJIOCCAPUMN

AJIbTepHATHBHBIE HMCTOPHUU °* (QOpMyIUpOBKa B
KBaHTOBOM TEOpUH, B KOTOPOM BEPOSATHOCTH BCSIKOIO
HaOJIIOAEHUS COCTOUT U3 BCEX BO3MOXKHBIX HCTOpUH,
KOTOPBIE MOTJIH OBl IPUBECTH K ATOMY HaOJIIOACHUIO.

YesioBeyecKUil MPUHIHUI * MHEHUE O TOM, YTO MBI
MOKEM BBIIBUTaTh YMO3AaKIIOUEHHUS 00 OYEBUAHBIX
3aKOHAX (U3WKH, OCHOBAaHHBIX Ha (akTe Hamero
CyILIECTBOBAHUSI.

AHTHMATEpHs °* BCSKasg YacTULA MaTepUu HMEET
COOTBETCTBYIOILYIO aAHTU-YaCTHILY. Korna OHHU
BCTPEUAIOTCS, OHM AHHUTWIMPYIOT JApPYT C JPYIOM,
BBIJIETISISL YUCTYIO SHEPTHUIO.

OueBHuaHbIe  3aKOHBI . 3aKOHBI  TIPUPOJIBI,
HaOMomaeMble HaMd B Hamlell BceneHHOH - 3aKOHBI
YeTHIPEX CWJI M TaKue BEJIMYMHBI KaK Macca U 3apsif,
XapaKTEepPU3YIOLIUE 3JIEMEHTAPHbIE YACTUIIBI, B OTIMYUU
oT Oonee ¢dyHAaAMEHTATBHBIX 3aKOHOB M-Teopwmii, 3TH
JIOMYCKAIOT pa3JIMYHble BCEJIEHHBIE C Pa3IUYHBIMU
3aKOHaMH.

GLOSSARY

Alternative histories + a formulation of
quantum theory in which the probability of any
observation is constructed from all the possible
histories that could have led to that observation.

Anthropic principle « the idea that we can
draw conclusions about the apparent laws of
physics based on the fact that we exist.

Antimatter + each particle of matter has a
corresponding anti-particle. If they meet, they
annihilate each other, leaving pure energy.

Apparent laws « the laws of nature that we
observe in our universe—the laws of the four
forces, and the parameters such as mass and
charge that characterize the elementary
particles—in contrast to the more fundamental
laws of M-theory that allow for different universes
with different laws.



AcCHMNTOTHYECKAsi C€B0O0OJA °* CBOWCTBO OOJBIINUX
SHEpPrui, 3acTaBISIONIEe HX CTAaHOBUTHCS ciabee Ha
KOpPOTKUX OTpe3kax. CienoBareiabHO, XOTS KBAapKud U
OpUBS3aHbl K sIpy OOJBIION DSHEpPruer, OHU MOTYT
JIBUTAThCA B MpEJENax sapa NPakKTUYECKU TaKKe, KaK €ClIU
OBl OHM HE UCTIBITHIBAIIU BIMSIHUS 3TOM CHUJIBI BOBCE.

ATOM ¢ 3jeMeHTapHas 4YacTulla MPOCTOM Marepuu,
cocrosilas M3 sApa C NPOTOHAMU U HEHUTpOHaAMH,
OKpY’KEHHasl JeTAIOLUIMMHU 110 OpOUTE IIEKTPOHAMHU.

Bapuon ¢ Tun >neMEHTapHOM 4YacTHULBI, TaKOW Kak
IIPOTOH WJIM HEUTPOH, COCTOSALIEH U3 TPEX KBAPKOB.

Boabmoii B3peIB °* Crycrok, ropsdee Hadaio
Bceenennoni. Teopus bonbiioro B3peisa nocrynupyer, 4to
okosio 13 mMuIIMapnoB JeT Has3aj 4YacTh BceneHHOM,
KOTOPYI0O MBI  BHJIUM, ObUla  JIMIIb  HECKOJBKO
MuwuuMeTpoB B auamerpe. Celiuac ke Bcenennas
ropaszio OoJsble M XOJIOJHEe, HO Mbl MOXKEM HaOJIr0/1aTh
cienpl  Oolee  paHHUX MEPUOJAOB B KOCMUYECKOM
MHUKPOBOJIHOBOM PaJHaLMOHHOM (pOHE, MPOHU3BIBAIOLIEM
BCE MIPOCTPAHCTBO.

Asymptotic freedom « a property of the strong
force that causes it to become weaker at short
distances. Hence, although quarks are bound in
nuclei by the strong force, they can move within
nuclei almost as if they felt no force at all.

Atom -+ the basic unit of ordinary matter,
consisting of a nucleus with protons and neutrons,
surrounded by orbiting electrons.

Baryon - a type of elementary particle, such as
the proton or neutron, that is made of three
quarks.

Big bang + the dense, hot beginning of the
universe. The big bang theory postulates that
about 13.7 billion years ago the part of the
universe we can see today was only a few
millimeters across. Today the universe is vastly
larger and cooler, but we can observe the
remnants of that early period in the cosmic
microwave background radiation that permeates
all space.



YépHasg abIpa °© y4acTOK IIPOCTPAHCTBA-BPEMEHH,
KOTOpPBI OJylarogapss OrpOMHOM TPaBUTAIIMOHHON CHIIE
OTpPE3aH OT OCTaJbHOU BceneHHOM.

bo3on ° QJICMCHTAapHas 4acTula, HECyliasa SHCPIHULo.

Moaxoa "ot wacTtHoro k odmemy" (moaxox ''cHU3Y
BBepXx') ¢ B KOCMOJIOTMM - WJEs, ONUpAIoIIascsi Ha
MPEANOI0KEHHE, YTO CYIIECTBYET JHUIIb OJHA HCTOPHUSA
Bcenennoii, ¢ crporo ompeneiaéHHONM TOYKOM OT4éTa M,
YTO HBIHCIIHEE COCTOSHHE BceleHHOM ecTh cTragus
9BOJIOLMHU OT 3TOH TOYKH.

Kaaccnueckas ¢pusuka * mobas pusudeckas treopus,
B KOTOpOoW BcenmeHHOW mpeamnosiaraercsi UMETh OJHY
CTPOTO OINPENEIEHHYIO HCTOPUIO.

Kocmosiornueckss mocrosiHHass ¢ koddduuueHt B
ypaBHEHHH OWHINTEHHAa HAAENSIOMUNd HPOCTPaHCTBO-
BpeMs H3HAYAJIBHOW MOTPEOHOCTBIO K PACTSKEHHIO.
DONeKTpOMarHuTHas Cujia ¢ BTOpas M3 YeTBIpEX IO
BEJIMYMHE cHIa Npupoabl. [Iporcxoaut Mex 1y yacTULIAMU
C DJIEKTPUYECKUMH 3apsIaMHu.

Black hole + a region of space-time that, due to
its immense gravitational force, is cut off from the
rest of the universe.

Boson » an elementary particle that carries force.

Bottom-up approach « in cosmology, an idea
that rests on the assumption that there’s a single
history of the universe, with a well-defined
starting point, and that the state of the universe
today is an evolution from that beginning.

Classical physics « any theory of physics in
which the universe is assumed to have a single,
well-defined history.

Cosmological constant « a parameter in
Einstein’s equations that gives space-time an
inherent tendency to expand.

Electromagnetic force « the second strongest
of the four forces of nature. It acts between
particles with electric charges.



DJIeKTPOH * DJJEeMEHTapHas 4YacTHIAa MaTepHH,
UMEIOIIas OTPHULATEIbHBIA 3apsil U OTBETCTBEHHAs 3a
XMMHYECKUE CBOWCTBA 3JICMEHTOB.

(I)epMHOH ¢ DJJICMCHTApHasA 4YacCTHla COCTABJIAIOIIAA
MaTCpPUIO.

l'anakTuka <+ orpomHas
MEXK3BE3NHOIO  BEIIECTBA H
CIEpKUBAEMbIX BMECTE IPaBUTALIUEH.

cuctemMa U3 3BE3J,
TEMHOM  MarTepuu,

I'paBuTamus * ciabeiinias U3 Y4ETHIPEX CHII MPHPOMIBI.
[IpnunHa, mo KOTOpON OOBEKTHI O0JIAJAIOIIME MAacCOoM

MPUTATHUBAOTCA APYT K APYTY.

IIpunuun neonmpenenénnocTu I'eiisendepra ¢ 3akoH
KBAaHTOBOM  TEOpHMM,  YTBEP)KIAIOLIMKA, YTO  Iapa
(GU3MUeCKUX BEIMYMH OJHOBPEMEHHO HE MOXKET OBITh
U3BECTHA C MPOU3BOJIBHON TOYHOCTBIO.

Me30H * THI 3JIEMEHTAPHOM YaCTHUIbI, COCTOSAIINN U3
KBapKa U aHTU-KBapKa.

M-Teopuss * ¢yHaameHTanbHas Teopus (U3UKH,
IPETEH1YIOIasl Ha 3BaHNE TEOPUU BCETO.

Electron « an elementary particle of matter that
has a negative charge and is responsible for the
chemical properties of elements.

Fermion « a matter-type elementary particle.

Galaxy + a large system of stars, interstellar
matter, and dark matter that is held together by
gravity.

Gravity « the weakest of the four forces of
nature. It is the means by which objects that have
mass attract each other.

Heisenberg uncertainty principle » a law of
quantum theory stating that certain pairs of
physical properties cannot be known simulta-
neously to arbitrary precision.

Meson + a type of elementary particle that is
made of a quark and an anti-quark.

M-theory » a fundamental theory of physics that
is a candidate for the theory of everything.



MyJILTI/IBceJIeHHaﬂ ¢* MHOXXCCTBO BCCJICHHBIX.

HelTpHO °* 4pe3BBIYAMHO JIETKas 3JIEMEHTapHas
YyacTulla, Ha KOTOPYK BO3JAEHCTBYIOT JHIIb ciaboe
SIIEPHOE B3aMMOJICHCTBUE U IPaBUTALIUS.

HeiiTpoH * Buj 31€KTpUUECKU HEUTpaIbHOTO OapuoHa,
KOTOPBII BMECTE ¢ IPOTOHOM (OPMHUPYET ATOMHOE SJIPO.

Be3rpanuyHoe yciaoBHe ¢ HeoOXOAMMOCTb TOTO,
yTOoOBl UCTOpUM BceneHHOM  ObLIM  3aMKHYTHI B
0e3rpaHUYHOM MPOCTPAHCTBE.

da3a * Mo3ulLUs B BOJTHOBOM IIMKIIE.

@®oTroH * 0030H, HeCylIUH 3JIEKTPOMATHUTHYIO
sHepruto. KBaHToBas yactuia cBera.

BeposiTHOCTHAasi aMIUIMTYyJa * B KBaHTOBOM TEOPUU
MHOKECTBO 4YHCEJI, Yb€ B3ATOE B KBaApaT aOCOIIOTHOE
3HAYECHUE, TAET BEPOATHOCTb.

IIpoToH * TUIT TIOJIOKHUTENIBHO 3apsHKEHHOTO OapHroHa,
KOTOPBI BMECTE C HEUTPOHOM (POPMUPYET aTOMHOE SPO.

Multiverse « a set of universes.

Neutrino + an extremely light elementary
particle that is affected only by the weak nuclear
force and gravity.

Neutron « a type of electrically neutral baryon
that with the proton forms the nucleus of an atom.

No-boundary condition +« the requirement
that the histories of the universe are closed
surfaces without a boundary.

Phase + a position in the cycle of a wave.

Photon + a boson that carries the electromagne-
tic force. A quantum particle of light.

Probability amplitude + in a quantum theory,
a complex number whose absolute value squared
gives a probability.

Proton + a type of positively charged baryon that
with the neutron forms the nucleus of an atom.



KBanToBasi Teopusi * TeOpHs, B KOTOPOi OOBEKTHI HE
UMEIOT €IMHCTBEHHOM ONpeIeIEHHON UCTOPHH.

KBapk * snemeHTapHas 4acTula, ¢ HE3HAYUTEIbHBIM
IEKTPUYECKUM  3apsiOM, Ha KOTOPYIO BO3JEHCTBYET
Oonbwas 3Heprusd. [IpoToH U HEHTPOH, KaXKIbI COCTOSIT
U3 TpEX KBAPKOB.

PeHOPMaJII/I3aIII/IH ® MareMaTndcCKasa TCXHHKA,
pa3pa60TaHHa;1, YTOOBI npuaaTb CMbICII 66CKOHC‘IHOCT$IM,

BO3HHKAIOOIUM B KBAHTOBBIX TCOPHIX.

CHHIYJSIDHOCTH * TOYKAa IPOCTPAHCTBA-BPEMEHM, B

KOTOPOi busnyeckas BEJIMYMHA CTAaHOBUTCH
OECKOHEYHOM.
IIpocTpancTBO-Bpemsi . MaTEMATUUYECKOE

IPOCTPAHCTBO, YbM TOYKH JOJDKHBI OBITH ONpE/IEICHHBI
KOOPJIMHATAMM U NIPOCTPAHCTBA U BPEMEHH.

Teopusi cTpyH ¢ ¢usnyeckas TeopHus, B KOTOPOH
YacTUIbl ONHUCaHbl Kak (OopMbl BUOpAIMM, HMEIOLICH
JOJITOTY, HO HE BBICOTY WM IIUPUHY -- KaK OECKOHEUHO
TOHKHUU OTPE30K CTPYHBI.

CuiibHOe si/IepHOe B3anMOJeCTBHE * CHIIbHEHIIas

Quantum theory » a theory in which objects do
not have single definite histories.

Quark » an elementary particle with a fractional
electric charge that feels the strong force. Protons
and neutrons are each composed of three quarks.

Renormalization « a mathematical technique
designed to make sense of infinities that arise in
quantum theories.

Singularity + a point in space-time at which a
physical quantity becomes infinite.

Space-time + a mathematical space whose
points must be specified by both space and time
coordinates.

String theory + a theory of physics in which
particles are described as patterns of vibration that
have length but no height or width—like infinitely
thin pieces of string.

Strong nuclear force + the strongest of the



U3 YETBIPEX CHJI IMPUPOJIBL. OTa CHJIA ACPKUT MPOTOHBI U
HEUTPOHBI BHYTPU aTOMHOIO szapa. Taxxke, OoHa IOEPKUT
caMM IIPOTOHBI U HEUTPOHBI BMECTE, YTO HEOOXOJMMO, TaK
KaK OHHU COCTOSIT U3 00Jiee MaJIbIX YaCTHULl - KBAPKOB.

CyneprpaBuranus . Teopust rpaBUTALINH,
colepkamiasi ~ mojodue  CUMMETpPUH,  Ha3bIBaeMoeE
CyNIEpPCUMMETPUEN.

CynepcumMmeTpusi * 0coOblii BHJ CHMMETPHH, HE
CBSI3aHHBIN ¢ MpeoOpa3oBaHUEM OOBIYHOTO MPOCTPAHCTBA.
OgHuMM M3 BaXHEMIIMX 3HAYEHUH CyNEpCUMMETPUU
ABIIAIOTCA DHEPrusl 4YacTUL M MaTepus 4YacTul, H
CJIEIOBATEIILHO JHEPIWs W MaTepus €CThb JIBE CTOPOHBI
OTHOM MeIau.

IToaxonx "ot obmiero xk yacTHomy' (moaxon 'cBepxy
BHU3'") * MMOJXOJ B KOCMOJIOTHH, B KOTOPOM KTO-HUOYb
OTCIeXHUBaeT UCTOpuM Bceenennoi "cBepxy BHU3", T.€. B
00paTHOM HampaBJI€HUU OT HACTOSIIETO BPEMEHHU.

Caaboe siiepHoe B3anMo/eiicTBHeE * OJTHA U3 YETBHIPEX
cun npupoabl. Cnaboe B3aMMOAEHCTBHE B OTBETE 3a
PaZMOaKTHBHOCTh M WIPAET XU3HEHHO BAXHYIO POJIb B
dbopmHupoBaHUU

four forces of nature. This force holds the protons
and neutrons inside the nucleus of an atom. It
also holds together the protons and neutrons
themselves, which is necessary because they are
made of still tinier particles, quarks.

Supergravity « a theory of gravity that has a
kind of symmetry called supersymmetry.

Supersymmetry + a subtle kind of symmetry
that cannot be associated with a transformation of
ordinary space. One of the important implications
of supersymmetry is that force particles and
matter particles, and hence force and matter, are
really just two facets of the same thing.

Top-down approach -+ the approach to
cosmology in which one traces the histories of the
universe from the “top down,” that is, backward
from the present time.

Weak nuclear force « one of the four forces of
nature. The weak force is responsible for
radioactivity and plays a vital role in the formation



DJIEMEHTOB B 3BE3/1aX M paHHEH BeeneHHok. of the elements in stars and the early universe.



BJIATOZAPHOCTHU

3AMBICEJI ECTh V BCEJIEHHOU, ecth oH u y
kHUrd. Ho B omiinume ot BeeneHHoM, KHUra He BO3HUKAET
IPOCTO Tak M3 HuUyero. KHure HyxeH co3jparenb, U 3Ta
OTBETCTBEHHOCTh JIOKUTCS HE TOJBKO Ha IUIeUU €€
aBTOpOB. Tak 4TO B MEPBYIO U TJIABHYIO O4Yepe/b, HaM Obl
XOTEJIOCh BBIPA3UTh OJIATOJJAPHOCTH U MPHU3HATEIHLHOCTD
HamuM pegaktopam: ber Pambaym u Oun Xappuc 3a ux
npakTHuecku OeckoHeuHoe TeprieHne. OHM ObUM HaM
VYCHHKaMH, KOTJa HaM ObUIM HYXHBI YYCHUKH,
YUUTEISIMHU, KOTJa HY)XHbI OBUTH YYHUTEIS U TOITOHSUIH
Hac, KOTJa HYXHO ObUIO HOAroHATE. OHHM JepKaUCh
OpUrMHaja, COXpaHss MpPU 3TOM YYBCTBO IOMOpa, BHE
3aBUCHUMOCTH OT TOTO IIJIa JIM pe4b O MOCTAaHOBKE 3aIsTOM
WIM O HEBO3MOXKHOCTH PAaCCMOTPEHUS OTPHULATEIBHOTO
VCKPHUBJICHUS MOBEPXHOCTH, CUMMETPUYHOTO
OTHOCHUTEIIBHO OCH B JBYXMEPHOM IpocTpaHCcTBe. Emé
HamM Obl XoOTenoch mobOmaronaputb Mapka XuiiepH,
KOTOPBIH JIt00€3HO MPOYEN GONBIIYIO0 YaCTh TEKCTA U BHEC
LeHHble 3amedanust; Kapour JIoBeHmTalH, KOTOpas O4eHb
nomoriyia ¢ ausanHoM; JIPBuna CTUBEHCOHA, CIIENaBIIErO
OT Hayaja M 110 KoHua oOnoxky u Jlopen HoBak, ubé
BHUMAaHHE K JETAIISIM
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Ob ABTOPAX

CTUBEH XOKUWHI" 3anuman gomxHoCTh Jlykacuanckoro
[Ipodeccopa Maremaruku KemOpumxckoro
VYHuBepcuTeTa Ha NPOTSHKEHUH TPUILATH JIET, U ObLIT
yIOCTOEH MHOTOYMCIICHHBIX HArpaj v MpeMHuii, BKIItouas
HEJAaBHO NOJyuyeHHY10, [Ipe3nneHTcKyo Menanb
CBo6ojs1. Cpeay €ro HayYyHO MOMYJSPHBIX KHUT TaKue
kak "Kpatkas uctopust Bpemenu", cobpanue scce
"Uepnsie Jpipel 1 Monoabie Beenennsie", "Mup B
OpexoBoii Cxopnynke" u "Kparuaiimas Mcropust
Bpemenn".

JIEOHAPI MJIOAMHOB - ¢pusuk Kanupopuuiickoro
Texnonmornueckoro MHCTUTYTA, XOPOIIO MPOAABAEMBII
asrop kuur "The Drunkard's Walk: How Randomness
Rules Our Lives", "Euclid's Window: The Story of
Geometry from Parallel Lines to Hyper space”,
"Feynman's Rainbow: A Search for Beauty in Physics and
in Life" u "Kparuaitmas Mcropus Bpemenn". On Taxke
nanmcan "Star Trek: The Next Generation"”. )KuseTt B
Cayr-Ilacaguna, Kanudopuus.
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