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Loi dau sach

[ Toi kinh 1é bai bac Chanh giac, bac toi thang trong hét thdy cac
nha thuyét phap, da thuyét giang Duyén khdi la bat diét va bat sinh,
bat doan va bat thuwong, bat nhat va bat di, bat lai va bat xuat, 1a sy
tich diét moi hy luan, va la an on. ]

Tap sach “Pgo Phdt la Todn hoc” gom c6 bon chwong: 1. Dao Phat la Toan
hoc; II. Vi tru toan hoc; III. Vi tru todan hoc Tegmark va IV. Tinh twong doi
ctia Ton tai. Ngay vao dau Chwong Mot, tac gia bién minh cho thay Phadt la ly
Duyén khdi, 1a nguyén ly vé cach thitc van phap dong thdi cau khéi. Phat hay
Duyén khdi dugc thong dién theo nhiéu phwong thitc khac nhau, chang han,
nhu trong cac dién giai sau day. V@i to tin, muén don ngd thoi phai tin qua
quyét “Ta la Phat”. Dia vi so tam phai la dia vi thanh twu don ngd. Va cau “Ta
la Phat” c6 nghia la “Ta la ly Duyén khéi”, va theo thuat ngit Hoa Nghiém, “Ta
dong nhat thé vdéi Phap gidi”. Néu theo Bo tat Long Tho, Duyén khdi dugc
minh dinh dong nghia v6i Khong, thoi “Ta la Phat” ham ngu su thyce chitng
van hitu déu Khong. Néu Phat dong nhat vdi ly Duyén khadi va moi phap hién
khdi déu do duyén sinh thdi moi phap ban nguyén la Phat.

Duyén khdi khong gi khac hon la tinh twong doi cua ton tai (the relativity of
existence), thuwong duwgc phat biéu la “hién khai twong y twong doi’. Xét vé mat
l6gic hoc, tinh twong doi chia ton tai phai sinh tir mot tap hgp cac tién dé, chang
phai 1a sy sang tao ex nihilo cai gi d6 tiv Khéng. Nhu vay, vé mdt légic hoc,
Duyén khaoi — “Cai nay c6 thoi cai kia cd; cai nay khong thoi cai kia khong;
cai nay sinh thoi cai kia sinh; cai nay diét thoi cai kia diét” — la mot cdu truc
todn hoc, nghia 1a, nhitng thuc thé tritu twong cung véi nhitng quan hé giita
chting. Néu cuwong diéu tinh cach cau tric toan hoc cua Duyén khai xét theo
16gic hoc, thai ta c6 thé noéi: Duyén khai hay Phat 1a Toan hoc.
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Nhuwng Phat va Phap von la nhat nhw cho nén dao Phat va Phat la mot. Vay
c6 thé xwdng 1én, vé mdt 16gic hoc, “Pao Phat la Toan hoc”. Diéu d6 bao ham
luén y nghia “Vii tru la Toan hoc”, b&i vi Nhat thiét phap la Vi tru va “Nhw
Lai thuyét: Nhat thiét phap giai thi Phat phap” (Kinh Kim Cang).

Twdng nén tim hiéu thém vé ciu triac toan hoc, mot khai niém tiéu chuan caa
16gic toan hoc hién dai theo Tegmark. Nhu dugc dinh nghia, mét cau tric toan
hoc la nhitng thue thé tritu twong cung véi nhitng quan hé gitta ching. Vi du
quen thudc: s6 nguyén va s6 thue. O day, ching ta xét cau triic todn hoc goi 1a
nhém vdéi hai phan ti, titc 1a, phép cong modulo hai. N6 lién quan dén hai phan
tir ma ching ta c6 thé danh dau "0" va "1" thoa méan cac quan hé sau day.

0+0=0
0+1=1 (1)
11+0=1
11+1=0
Hai mo td twong tw ~ (2) va (3):

exe-=e

exa=a (2)
axe=a

axa=e

va

Chan va chan thanh chan
Chan va lé thanh 1é (3)
Lé va chan thanh 1é

Lé va lé thanh chan

(1), (2) va (3) tuy nhin khac nhau, nhung néu dong nhéat héa "0" -> "e" ->
"Chanll; "1” _> lla" _> "lé" ; "+" _> "X” _> "Vé"’ ":" _> ”:" _> "thanh" - th(‘ji Sé
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thdy ching mé td&  cung mot cau tric toan hoc, béi vi ban than cac ky hiéu la
chi danh diu chit chang c6 y nghia noi tai. Cac thudc tinh ndi tai duy nhat cuaa
cac thuc thé l1a nhitng thudc tinh dwgc thé hién bdi cdc mo6i quan hé giita
chung.

C6 nhiéu phwong thitc twong dwong mo ta cung mot cau tric, va mot cau
triic todn hoc dac thu c6 thé dinh nghia nhw la mot 16p twong dwong cac mo ta
(equivalence class of descriptions). Vi du: Gia thuyét Vii tru Toan hoc (MUH =
The Mathematical Universe Hypothesis) cia Tegmark, titc 1a, thyc té vat ly
ngoai tai mo ta bdi thuyét vé Nhat thiét (TOE = Theory of Everything) 1a mot
cau tric toan hoc.

Nhung thé gidi vat 1y ctia ching ta khong ngtrng bién chuyén véi thoi gian
trong lic cac cau truc toan hoc khong thay doi, ching chi ton tai. Vay lam sao
thé gidi cia chung ta c6 thé la m6t cau tric toan hoc?

Einstein c6 thé gitip ching ta tra 15i nhitng cau héi nhw vay. Ong day ring c6
hai phurong thic tw lwgng twong dwong vé thuc té vat ly ctia chiing ta: hodc
nhuv mot chon 3- thit nguyén goi 1a khéng gian (space), noi ma sy vat bién
chuyén vaéi thoi gian, hodac nhv mét chon 4-thi nguyén goi la khéng-thoi gian
(spacetime) chi don thuan ton tai, bat bién, chang bao gio dwgc sinh ra va
chang bao gio bi huy diét. Hai phwong thitc dy twong tng véi hai 16i nhin thuc
té, mot cia con €ch va mét cia con chim (3.2 Cam ... lai va tinh toan di!).
Quan diém cua con chim la téng quan ngoai bo ctia mot nha vat 1y hoc nghién
cltu cau tric toan hoc caa thye té vat 1y giong nhw mot con chim dang quan sat
phong céanh ti¥ trén cao nhin xud6ng. Quan diém cda con éch 1a 16i nhin ndi b
cia moOt quan sat vién song trong thé gidi cau tric mo t4, giong nhw mot con
éch s6ng trong phong canh con chim quan sét.

Vé dién toan hoc, khong-thoi gian 1a mot khong gian vdi bon thit nguyén, ba
th nguyén dau la ctia khong gian, va thit nguyén thit tw la thoi gian. Hay luwu y
khong-thdi gian khong ton tai bén trong khong gian va thoi gian. Tréi lai,
khong gian va thdi gian ton tai trong n6. Theo Tegmark, thuc té€ vat ly ngoai tai
la mdt cau tric toan hoc, nghia 1a, theo dinh nghia, mot thyc thé tritu twong,
bat bién, ton tai bén ngoai khong gian va thdi gian, cau tric toan hoc do twong
tng v6i quan diém ctia con chim vé thyc té cua ching ta, vi vay né phai bao
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gom khong-thoi gian, chit khong chi khong gian (3.2 Cam .. lai va tinh toan
di!).

Lién hé v6i Duyén khdi la Nguyén tac Ly do da - ‘Khong cé gi xdy ra ma
khong cé 1y do di’ - va Cau héi Ton tai nguyén thiy - ‘Tai sao phai c6 mét cai
gi do, hon 1a khong cé gi?’ - cd hai déu do Leibniz ché dinh. Heinrich bién
minh cho thay chi c6 twong déi vat ly (physical relativism) mégi c6 thé gitp
chung ta trd 10i thoa dang cau héi cua Leibniz (4.2.1 Luan c Vi nhan cu6i
cung).

Cau hoi Ton tai Nguyén thuy gay bai rdi cho hau hét cac nha vat ly hoc ciing
nhw cac nha vii tru hoc. Vii tru hoc (thong treéng hién dai dwa ra mét so kién
gidi m&i vé van dé nay. Vi tru khdi dau t* mot dao dong lwong tir nhé. Mot
lwgng nho nang lwgng dy phan nao giong nhuw nang lwgng cat gilt trong mot
day cung. Nguyén ly bat dinh Heisenberg (trong nhitng khoang thoi gian da
nho cho phép vi pham nguyén tac bdo toan nang lwgng trong phit choc. Cai
bong béong nang lwong ay sau do6 thong trwéng theo cap s6 nhan va vii tru tang
treong da so cdp lwong chi trong khoanh khac ctia mot giay.

Stephen Hawking dwa ra mot kién gidi nham gidi dap cau hoi cua Leibniz,
cho rang béi vi c6 mot dinh luat nhw sy hap dan va vat ly hoc lwgng tw, vii tru
c6 thé va sé tu tao ra tir khong. Sw sang tao tu khdi la ly do ¢6 céi gi d6 hon la
khong cé gi, tai sao vii tru ton tai, tai sao chung ta ton tai. Khuyét diém cua
kién giai Hawking la toan hoc dé thuc ra can cit trén thuyét twong doi rong va
vat ly hoc lwgng ttr, hai thit nay dau phai la “khéng”. Vi thé, chang phai la sy
sang tao ex nihilo cai gi d6 tv khong, ma néi cho dang, phai sinh vii try, ngay
phtit nay, tt mot tap hgp céc tién de.

Theo Heinrich, Nhitng su vdt duy nhdt cé tinh chdat mét cdch khdch quan la
nhitng su vdt kha di chitng minh la chan chdng st dung bat ky tién dé nao va
kinh nghiém tu y thirc c6 thé dugc phdi sinh mét cdch todn hoc tr tdp hop cdc
tién dé nao do. Trén quan diém cta tinh ty' y thitc dy, ton tai todn hoc la ton tai
vat ly.

Chwong Hai ban vé sv két noi gitra Vit ly hoc va Todn hoc trong khoa hoc
nhdn thitc va ddt cdu hoi Toan hoc dugc phat minh hay phat hién? Tam con
nguoi dwgce phd cho nhitng cdm tri nguyén thuy bam sinh nhw 1a khong gian,
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khoang cach, van dong, bién cach, dong thoi gian, vat chat. Theo khoa hoc
nhan thitc, nhitng khai niém trttu twong cta toan hoc dugce dung 1én trong nao
tir nhitng cam tri nguyén thay doé. Vi vay, tat ca su bao la ctia toan hoc, cung
v&i nhitng dinh 1y t6t dep cda no, tru trong tam, va chang ‘& ngoai do’.

Khéc véi toan hoc la mot ngon nglt chinh xac trong dé nhitng phat biéu
ding c6 thé dugc chitng minh khéi dau tiv mot tap hop tién deé, st dung logic,
vat 1y hoc la mot khoa hoc thie nghiém (do do, tuy thudc ky thuat hoc) vé thé
gidi chuing ta quan sat, noi ma cac thi nghiém ghép doi v6i nhitng buéc nhay
vot 16n cua su thong nhat khai niém.

Trong vat 1y hoc, két qua thyc nghiém dwgc mo ta theo phwong thitc cac
khai niém cu thé - nhitng khai niém nay ciling dugc dung 1én tir nhitng cam tri
nguyén thuy cta chung ta.

Vat ly hoc ly thuyét dugc xét nhw la mot nganh ¢ng dung cua toan hoc, cac
tién dé ctia n6 dwoc thi thiét 1a do cac quan sat thé gidi vat ly lam dong co thiic
day. Trong vat ly hoc, cac thi nghiém c6 tam quan trong co ban, khong giong
nhu trong todn hoc, muc tiéu la tam cau cac quan hé 16gic va wu nha gitta cac
khai niém trtu tvgng do tam sang tao.

Muc dich cua vat ly hoc ly thuyét la m6 ta tinh tuan quy thyc nghiém quan
sat dwgc cua thé gidi vat ly theo mot phwong thite 16 rang, chinh xac va logic.
Nao st dung nhitng khai niém tritu twgng duge xac dinh ro rang ma tam da an
du hoa tir nhitng cam tri nguyén thay ctia ching ta. Cu thé va trttu twgng déu
phai sinh tit cai nguyén thiy cho nén sy két néi gitta vat 1y va toan khong c6 gi
huyén bi, nhung tw nhién. Sy két n6i d6 dugc dung 1én trong ndo con ngudi,
noi ma mot tap hgp con nhé bé cta toan hoc nhan loai rong 16n dugc trang bi
dé mo ta tinh tuan quy cua vii tru.

Trong vat ly hoc, sit dung toan hoc chi dén vao giai doan sau, khi chiing ta
tim kiém mot ngén nglt chinh x4c dé mo ta cac hién twong vat ly duwgc quan
sat. Ludn ludn, thi nghiém va khai niém truwéc, va sau d6 mai 1ap cong thirc
toan hoc. Toan hoc ma cac nha vat 1y hoc st dung phan 16n twong déi don
gian, chang bao gio da dong dén sy lya chon diéu kién dau! Toan hoc mo ta
cac dinh luat vat ly hoc can dugc bo sung bai nhitng diéu kién dau. Nhitng gi

https://thuviensach.vn



dinh doat nhitng diéu kién ban dau cua vii tru? Cé nhitng quy luat toan hoc cho
ching hay khong? Chiing ta khong biét, chwra biét dwoc.

Toan hoc giong nhu vat ly hoc bat ré tiv nhitng cam tri nhan loai nguyén
thay. Vi mot di biét dang ké: trong toan hoc, chang cé cho cho vat chat (chat
liéu), va m& rong ra, cho anh sang! Daéi vdi ching ta, dé la sw khac biét to 16n
gitta vat ly hoc va toan hoc, tir dé tat ca cac di biét khac ndy mam.

DPoan sach trong Phan nay lwgc trinh lich st vat 1y hoc cung véi ca mét lau
dai nguy nga toan hoc dwgc cung cdp vé6i nhitng dinh ly dep va vi dai, va sy
thong nhat thong qua s6 hoc, dai so, hinh hoc, va giai tich. Toan hoc tuéng nhw
khong phai la mot noi lam thi nghiém.

Mot tinh nang thong nhat cia toan hoc hién nay la cé thé hoan toan dat co s&
trén mot x ly thuyét tap hop theo phuwong thitc tién dé, va phai sinh tir mot tap
hop tién dé, chang han ZFC (Zermelo-Fraenkel-Choice). Nhung tai sao cac
tién dé dac thu ay; dac biét tai sao Axiom of Choice (Tién dé Chon)? Godel chi
cho biét néu ZF nhat tri thoi ZFC nhat tri. Mot s6 toan hoc gia khong wa
Axiom of Choice, nhung phan dong cho rang Tién dé Chon lam todn hoc
phong phi hon. B6i véi ching ta, ty ban than ctia nhitng phong cach nhu vay
chiing t6 todn hoc la mét kinh doanh ctia con ngudi, chir chdng phdi mét chan
tinh Plato pho bién ‘6 ngoai kia °.

Can cw& trén nhitng cdm tri nguyén thuy chdt ché ctia con nguwdi nhw doéi
twong, kich thudc, hinh dang, mau hinh va bién chuyén, loai ngwoi dung 1én
nhitng khai niém triru twong nhw s6, diém, tuyén, lwong vo cung bé, vo han,
phwong trinh, nhom, dé cong, va nhiéu hon thé nita, trén do6 tinh bao la cua
toan hoc duge xay dung. Ciing cung nhitng cam tri nguyén thay ay phat sinh
nhitng khai niém cu thé vé vat ly hoc thiwc nghiém nhw Iyc, khoi lwgng, chuyén
dong, dién tich, phép quay, va nhitng khai niém toan/vat ly hoc nhu treong va
doi xing. (Chung ta khong phan biét gitta nhitng khai niém tritu twgng cua vat
1y hoc ly thuyét va toan hoc). Trong khoa hoc nhén thitc, trong tng dung cia
noé vao toan hoc, nham muc dich chithg minh theo phuwong thitc khoa hoc, cac
khéi niém trttu twgng cua toan hoc dwgc xay dung trén cac cam tri nguyén
thay, st dung nhitng gi ching ta dwgc biét nhw dn du khdi niém (conceptual
metaphor). Khi nao chiing ta tim cach mo6 ta chinh xac nhitng twong ho quan hé
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gitta nhitng khai niém cu thé co s& cta vat ly hoc thwe nghiém, tat nhién ching
ta phai nwong vao nhitng khéi niém tritu twgng ctia toan hoc. Vi ca cai cu thé
va cai triru twgng cung dwoc xay dwng trén cung cai nguyén thuay, diéu do pha
bé tinh chat than bi caa sy thanh céng phi thuwong cta toan hoc trong vat ly
hoc.

Theo cac nha khoa hoc, toan hoc qua c6 mot nang lyc phi thuwong. Xét k¥,
chuing ta thay s thanh cong cua toan hoc trong viéc giai thich thé giéi quanh
chung ta hién c6 hai dién, mot dién goi la “tich cuwe”. Khi cac nha vat ly hoc lac
dwong di vao mé cung cua ty nhién, ho dung phuwong thitc toan hoc dé roi sang
buéc di cua hg. Newton quan sat mot qua tdo roi, mdt trang va thuy triéu trén
bai bién, chang phai 1a nhitng phwong trinh todn hoc. Thé ma 6ng ta bang cach
nao do6 c6 thé trich ra tw tat ca nhitng hién twgng tw nhién ay nhitng dinh luat
todn hoc cda ty nhién minh bach, ngan gon, va chinh xac dén mitc khé tin.
Twong ty nhu vy, *lames Clerk Maxwell (1831-79) m@ rong cai khuon kho
vat 1y hoc c6 dién dé bao ham tdt cd nhitng hién twgng dién va tir dugc biét dén
vao nhitng ndm 1980. Ong thirc hién diéu d6 thong qua chi bén phwong trinh
toan hoc. Thuyét twong doi rong cta Einstein tham chi dang kinh ngac hon: dé
la mot vi du hoan hdo ctia mét thuyét toan hoc chinh xac phi thwong, tw hgp,
vé cai gi d6 co ban nhw cau tric khong gian va thoi gian.

Dién tht hai, dién “tiéu cuc”, 1a dién cta tinh hiéu dung huyén bi ctia toan
hoc. Khai niém va quan hé dugc cac nha toan hoc tham tac chi trén phwong
dién ly tinh thuan tiy, tuyét déi chang nghi dén (tng dung, bién thanh sau nhiéu
thap nién (hay doi khi nhiéu thé ky) nhitng gidi phap bat ngd cho nhitng van dée
ddt co s@ trong thuc té vat ly! Chang han, 1ay tredng hgp nha toan hoc khéc
thuwong ngwoi Anh, Godfrey Harold Hardy (1877-1947), rat ty hao vé sy that la
cong viéc cta dng bao gdm khong cé gi ngoai trir todn hoc thuan tiy. Ong
twong rang toan hoc cta o6ng thuan tdy ly thuyét, chang phai va khong thé dem
tng dung, ma chi dé thwdng thitc cai dep ctia n6. Nhung 0ng sai ro6i! Mot trong
cac cong trinh cua ong tai sinh v&i danh hiéu dinh luat Hardy-Weinberg, mot
nguyén ly co ban duwgc cac nha di truyén hoc st dung dé nghién cttu tién trinh
phat trién ctia dan s6. Ngay ca thuyét tritu twgng vé cac s6 (Number theory)
cta 6ng da dugc nha toan hoc nguwdi Anh, Clifford Cocks, st dung dé sang tao
mot bwdc dot pha trong mat ma (cryptography): sw phat trién ctia ma (the

https://thuviensach.vn



development of code). Cac ma la rat can thiét cho truyén thong quan su, hoan
toan khong ding véi phat biéu cua Hardy: “chwa ai kham pha dwgc bat ¢ muc
dich chién tranh nao do ly thuyét s6 phuc vu.” Nhu vay, ngay ca Hardy, mot
trong cac nha phé binh 16n tiéng chi trich toan hoc tng dung, ciing bi kéo vao
si san sinh cac thuyét toan hoc hitu dung.

Con rat nhiéu truong hop toan hoc nhw vay, ngd 1a chi 1y thuyét thuan tay
dau ngd mot thoi gian vé sau bién thanh cong cu can thiét dé gidi thich nhitng
kham pha hay sdng tao méi. Vi du: hinh hoc Riemann, thuyét Nhém, khai
niém nhitng mau hinh toan hoc doi xing, V..V...

Do kinh nghiém véi hinh hoc Euclid, chiing ta c6 thé khai dau tir bat ky tap
hop tién dé nao tuy thich, véi diéu kién la ching nhat tri tw ban than va dung
nap lan nhau, va tim ra nhitng hau qua logic cia ching. Theo phwong thitc do,
ching ta sang tao mot nganh toan hoc. Céac dinh nghia va dinh dé chu yéu
chang phéi dwgc mang lai bang kinh nghiém, cling chang phai la tat yéu cta tw
twong. Nha toan hoc hoan toan ty do, trong gidi han cua tri twéng twgng cua
minh, dyng lap nhitng thé gidi minh thich. Nhitng gi nha toan hoc phai twéng
twgng la mot van dé cda tinh khi bat thuwong cia minh. Bang cach dy, nha toan
hoc khong kham pha nhitng nguyén tac co ban cta vii try, cling khong trd
thanh quen biét nhitng y niém vé Thugng DE. Néu thong qua thuc nghiém, 6ng
ta tim ra nhitng tap hop thyc thé tuan theo cung chung phwong éan 16gic nhw
nhitng thuc thé toan hoc ctia 6ng, nhién hau 6ng da ap dung toan hoc ctia 6ng
vao thé gidi bén ngoai: 6ng da sang tao mot nganh khoa hoc. Tai sao thé gidi
bén ngoai phai tuan theo nhitng dinh luat 16gic, tai sao, trong thuyc t€, khoa hoc
kha thé, khoa hoc c6 thé dugc, d6 la hai cau héi khong dé gi giai dap. Tuy
nhién, c6 dau hiéu trong nhitng thuyét vat 1y hoc hién dai khién mot s6 khoa
hoc gia nghi ngo liéu vii tru cudi cung sé bién thanh ly tinh hay khong, liéu cac
hién twgng tw nhién phai tuan theo bat ky hinh hoc dac biét nao khong.

Vi toan hoc la mot hoat dong hoan toan tw do nhw noéi trén, khong bi diéu
kién bai thé gidi bén ngoai, nén duwgc goi la mot nghé thuat thay vi mét khoa
hoc. Toan hoc, phan 16n, 1a m6t cam két tap thé. Pon gidn hoa va thong nhat
héa duy tri sy can bang v6i sy phat trién va mé rong khong ngirng nghi. Ching
hién thi bat doan mét sy thong nhat phi thuwong mac dau toan hoc qua rong dé
bi mo6t ca nhan khong ché.
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Ngang day, xin ké mot chuyén tinh toan hoc. Pay la cau chuyén ctia Edward
Frenkel, mot than dong toan hoc ngudi Nga, trd thanh gido su tai Harvard nam
21 tudi, hién nay day tai Berkeley va theo cht nghia Plato. Cau chuyén tinh
toan hoc cua 6ng dugc 6ng ké lai trong cudn hoi ky méi rat hdp dan cta 6ng:
Tinh yéu va Toan hoc (Love & Math). Luc con nho, 6ng mé vé dep cua toan
hoc nhw mét coup de foudre. O tudi thidu nién, khi thyc hién mét khdm pha
toan hoc mdi, thoi giong nhuw nu hén dau. Ngay ca khi nhitng hi vong ctia 6ng
vé nghé nghiép bi chinh sach X6 viét chng Do Thai lam kho héo, 6ng dugc sy
nang d& cua niém dam mé va niém vui lam todn hoc. Va 6ng mudn moi nguoi
cung chia sé vdi 6ng niém dam mé va niém vui do.

Trong cdau chuyén nay, c6 mot thach thiec. Toan hoc la triu twgng va kho
khan, vé dep cta n6é duwong nhw khong thé ti€p can dugc vGi hau hét ching ta.
Khoang gitta thé ky 19 mdt cudc cach mang da xdy ra trong toan hoc: trong
diém chuyén ttr tinh todn gidi han trong khoa hoc t6i sy tw do sang tao cac cau
triic mai, ngén ngit madi. Cac chitng minh toan hoc, véi tat ca 1ogic nghiém can
cta chung, coi giong nhw nhitng tu sy, tinh tiét va tiéu tinh tiét, khic chiét va
quyét dinh. D6 la thit toan hoc phan dong chwa bao gio thay.

Dé cap cho ngudi doc mot cai nhin thodng qua tinh yéu cta ong véi vé dep
cta toan hoc cao hon, Frenkel di thang vao cong trinh phat trién toan hoc day
hitng khdi trong nita thé ky sau: Chuong trinh Langlands (Langlands
Program). Chuwong trinh nay dugc Robert Langlands, mot toan gia nguoi
Canada, & Institute for Advanced Study tai Princeton (ké thira Van phong ci
cta Einstein), thiét 1ap vao nhitng nam 1960 nham tr& thanh mot hoc thuyét
thong nhat rong 16n cua toan hoc. Hau hét cac nha toan hoc chuyén nghiép
khong hé hay biét vé Chwong trinh Langlands cho dén nhitng nam 1990, khi
chuwong trinh nay hién ra trong tiéu dé giai quyét Dinh ly Cudi cung cia Fermat
(Fermat’s Last Theorem).

Keé tir d6, pham vi cia Chwong trinh d@ mé rong ra ngoai toan hoc thuan tiy
tdi bién gidi cua vat ly hoc 1y thuyét. Frenkel c6 1€ la ngwoi dau tién co gang
giai thich Chuong trinh Langlands - theo 6ng, “ma nguon cta tat cd caic mon
toan” - cho nhitng doc gia khong c6 co sd toan hoc. Vi thé, sach cua ong la ba
st that: mot 14 thw tinh theo khudén Plato giti cho toan hoc; mot no lwc giai
thich cho ngoai hanh mot s6 y niém vé mot vé kich-dang-tién hanh t6i rong
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16n; va mot giai thich ty truyén, khi thoi c6 vii khi thoi khoi hai, ngay chinh
ong da lam thé nao dé trd thanh mot dién vién lanh dao trong vé kich dé.

Hon hét, tinh yéu ctia Frenkel d6i v6i thé gidi Plato toan hoc chinh la chu
treong cua Frenkel trong Tinh yéu va Todn hoc thuwong duwgce goi la chi nghia
Plato toan hoc (Mathematical Platonism). Nén biét c6 nhiéu loai Platonism, va
cling c6 nhiéu cach thong dién toan hoc. Theo Frenkel, cai thé gigi thuong
duwoc goi thé gidi Plato toan hoc la noi cu tri cac khai niém va y niém toan
hoc. Plato la triét gia Hy Lap dau tién tranh luan rang cac thyc thé toan hoc déu
doc 1ap vdi nhitng hoat dong 1y tinh cta ching ta. Nha vat ly toan hoc rat duwgc
hoan nghénh, Roger Penrose, viét trong tap sach The Road to Reality (Con
Puwong dén Thuc t€) cia 6ng, nhitng tuyén bo toan hoc thude vé thé gigi Plato
toan hoc chinh la nhitng khang dinh diing mot cach khach quan. Bao rang mot
tuyén bo toan hoc nao d6 cé6 mdt ton tai theo khudn Plato, titc né ding theo
mot nghia khach quan. Giong vay, cac y twéng toan hoc c6 mot ton tai theo
khuon Plato tai vi ching la nhitng y twong khach quan.

Frenkel, giong Penrose, tin rang thé gidi Plato toan hoc tach rdi khéi ca hai
thé gidi, vat ly va tam thic. Penrose chi cho thdy chu trivong thong dién mot
cach chd quan tat sé nhanh chéong dan ching ta t6i nhitng khang dinh hién
nhién v6 nghia, nhdn manh tinh nang doc 1ap cada tri thitc todn hoc véi bat ky
hoat dong nao ctia con nguoi.

Thé gidi Plato todn hoc cling ton tai doc lap vdéi thuc té vat 1y. Vi du: Thiét
bi cua thuyét treong quy pham (gauge theory) ban dau duwgc cac nha toan hoc
phat trién chang can quy chiéu vat ly hoc. Trong thyc té, chi c6 ba trong so cac
mo hinh mo6 ta cac lwc cuaa ty nhién (lyc dién tit, yéu, va manh). Ching tuwong
tng v6i ba nhom Lie cu thé (nhém vong tron, SU(2), va SU(3), theo thit tw),
mdac dau cé mot thuyét treong quy pham cho bat ky nhom Lie nao. Cé rat
nhiéu vi du khac vé nhitng ly thuyét toan hoc phong phd khéng truc tiép lién
quan dén bat ky loai thyc té vat 1y nao.

Nguon goc cta nhitng kha nang v6 han cua tri thitc toan hoc chinh la tinh
khdch quan cda né. Tinh nay phan biét toan hoc véi bat ky loai no Iwc nao
khac cta con ngudi. Sy hiéu biét nhitng gi ¢ dang sau tinh khach quan ay sé
soi sang nhitng bi an sau sac nhat caa thyce té vat ly, y thitc, va nhitng twong ho
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quan hé gitta ching. N6i cach khac, cang gan thé gigi Plato toan hoc, ching ta
cang c6 nhiéu nang lyc hiéu biét thé gidi quanh ta va vi tri cia ching ta trong
do.

Sau cau chuyén tinh todn hoc, da dén lic ban vé hai cau héi sau day. Cau
dau: Toan hoc dwgc phat minh hay phat hién? Cau thit hai: Nhitng gi da cap
cho toan hoc nhitng quyén nang giai thich va dv doan? Phwong thitc huyén bi
toan hoc nam bat thé gidi tw nhién da thu hut sy chd y dac biét cia cac nha
khoa hoc. O c6t 16i ctia huyén bi nay 1a mot luan diém ma cac nha toan hoc,
vat ly hoc, triét hoc va khoa hoc nhan thitc da c6 trong nhiéu thé ky: todn hoc
la mot tap hop cong cu dugc sang tao, nhu Einstein tin tuvong? Hay todn hoc
hién ton tai trong mot cdnh gidi tritu tugng ndao do va con nguoi chi khdm phad
nhitng tinh chan cta né?

Theo Mario Livio, néu chi don gian héi toan hoc la dwgc phat minh hay phat
hién, ching ta bo quén kha nang cua mot cau tra 10i phte tap: cad sang tao va
kham phd dong mét vai tro quan trong. Ca hai giai thich tai sao toan hoc thao
tdc qua to6t dep. Tuy nhién, loai bé phép nhi phan giita sdng tao va kham pha
cling chuwa hoan toan gidi thich tinh hitu hiéu bat hgp 1y ctua todn hoc. Toan hoc
thue su 1a mot két hop phitc tap cac phat minh va phat hién. Cau héi thit hai tré
nén phitc tap hon. Chac chan sy chon Iya cac cha dé ching ta giai quyét theo
phuong thitc toan hoc dong mot vai tro quan trong trong tinh hitu hiéu dugc
biét cta toan hoc. Nhung chung cudc toan hoc khong thao tac néu khéng co
nhitng tinh nang pho bién can phai kham pha. Ching ta c6 thé héi: Tai sao
chung cudc cé nhirng luat pho bién cta ty nhién? Hay héi twong dwong, tai sao
vii tru cta ching ta bi chi ph6i béi mot s6 doi xitng? Chwa ai tim ra duwgc 10i
gidi dap cac cau hoi ay, tuy nhién, c6 Ié can ghi nhan rang trong mot vii tru
chang c6 nhitng thudc tinh néi trén, tinh phitc tap va cudc song sé chang bao
gi® xuat hién, va ching ta sé khong c6 mat & day dé dat cau hoi.

Bay gio budc qua Chuwong Ba: Vii tru Todn hoc Tegmark. Xin ghi ra day
nhitng dé tai dugc ban dén trong Chuong dé. Trudc hét 1a (3.1) cudc noi
chuyén cta Tegmark tai The Bell House, Moravian College, Bethlehem, PA,
ngay 15 thang Giéng 2014, can c trén tap sach ‘Our Mathematical Universe’.
Dbé tai ké tiép la (3.2) Bai: Cam .. lai va tinh toan di! (Shut up and calculate),
Tegmark cha triwong tiép can vat 1y hoc mot cach cuc doan, trong do thuc té
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vat 1y ngoai tai dwgc gia thiét la thuan tiy toan hoc. Tiéu luan trinh bay gia
thiét “tat ca chi la phvong trinh” va thao ludn nhitng ham y ctia n6. Sau dé la
(3.3) Bai: Y thitc nhw 1a mot trang thai vat chat (Consciousness as a State of
Matter), v6i nang lyc x¢ 1y thong tin dac biét. Tegmark dé xuat bon nguyén tac
co ban c6 thé phan biét vat chat y thitrc v6i nhiing hé vat ly khac nhw ba chat
ran, léng va khi: thong tin (information), tich hgp (integration), doc lap
(independence) va dong lwc hoc (dynamics). Y niém nay 1dy cam hitng twr
thuyét théng tin tich hop (integrated information theory = IIT) cta nha than
kinh hoc Giulio Tononi, University of Wisconsin in Madison. Theo IIT, mu6n
chitng minh cai gi d6 c6 y thic, thoi phai chitng minh hai dac diém: (1) mot
ton thé c6 y thitc phai c6 kha nang lwu trit, xtr ly va thu hoi mot lwong 16n
thong tin; (2) thong tin nay phai dwgc tich hgp trong mot toan thé thong nhat,
khong thé chia thanh cac phan doc 1ap. Thuan theo IIT, Tegmark dé xuat hai
loai vat chat. Mot, “computronium”, dap ng cac yéu cau cta dac diém thw
nhat. Hai, “perceptronium”, lam tat ca cac diéu trén, nhung theo phuong thic
tao nén toan b khong thé phan chia, ding nhw Tononi mo ta. K€ tiép 1a (3.4)
trinh bay tv twéng va cong trinh cta Tegmark. (3.5) m6 td cuén sach “Our
Mathematical Universe” ctia Tegmark. (3.6) ghi lai nhitng binh luan vé cuén
sach ay. (3.7) va (3.8) dat nghi van, theo thit tw, “Dugc lam bang toan hoc?” va
“Cé chang nhitng vii tru song song?” (3.9) dac biét danh cho binh ludn cuén
“Our Mathematical Universe” ctia Jeremy Butterfield, mot triét gia tai
University of Cambridge. Cudi cung, (3.10) Tegmark giai dap mét s6 thac mac
vé y twdng thé gidi vat ly ctia ching ta la mot doi twgng toan hoc khong Io.

Chwong Bon, chuong cudi cung cta tap sach “Pao Phat la Toan hoc”, ban
vé tinh twong déi cua ton tgi. N6i ding hon, chuwong nay trinh bay y twdng
‘Twong do6i Vit ly' (Physical Relativism) nhw mot cach thong dién sy ton tai
(an Interpretation of Existence) ctia Stuart B. Heinrich.

Mac dau vat 1y hoc hién dai thanh cong trong viéc xay dung céac ly thuyét
toan hoc c6 thé duy doan két qua cac thi nghiém quy moé lwong tt, van c6 van
dé la sy thong dién vat ly cac ly thuyét nay khong ngung gay nhiéu tranh bién
nghi ludn. Hau gidi quyét van dé, Heinrich dua ra nhitng luan c 16gic (4.2) dé
ho trg mot cach thong dién mdi vé sy ton tai ma 6ng goi la twong doi vat ly.
Twong doi vat ly dé xwéng chang nhitng mot trd 10i cho cau hoéi ctia Leibniz,
nhung ciing con cung cap mot cach thong dién tinh ngau nhién trong vat ly hoc
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lwgng tir. ROi tir d6 di dén sy phan biét rd rang gitta ton tai vat 1y hoc va ton tai
toan hoc, cho phép chiing ta wéc lwgng quan diém “it from bit” cia Wheeler.

Cudi cung, phan ‘4.3 Bac bé cac phan bac thong thwong’ tap trung vao viéc
bac bo cac phan bac dinh ly bat toan ctia Gddel -Kurt Godel- va ban dén lap
luan dap ng Hitu than luan.

Keét luan co ban cua y twdng twong doi vat ly la cac quan sat vién tw y thic
c6 thé ton tai trong cac hé tién dé chang cé biéu hién khach quan, va sw khac
biét gitta mot vii tru thiwe va mot vii tru tritu twgng dugce dinh nghia theo toan
hoc chi 1a m6t 16i nhin.

Twong doi vat ly khong phai 1a mot ly thuyét vé vat 1y hoc béi vi né6 khong
dwa ra cac phat biéu kha chitng nghiém. Thay vao d6, n6 la mot cai khung dé
thong dién y nghia cta sy ton tai va vai tro cda vat ly hoc. Mdc dau khong dwa
ra cac dy doan cu thé, twong do6i vat 1y 1a mot cha trwong thich dang bai vi né
cung cap céc cau tra 10i don gidn cho mot s6 cau hoi triét hoc sdu sac nhat vé
su ton tai ma cac nha vat ly hoc da phai vat 1on véi: no chi cach tranh nghich ly
trong gidi thich sy ton tai ctia chiing ta; n6 chap thuan mét ¢ng dung rong 16n
hon phwong cach 1y luan vi nhan dé mo ta cac tién dé co ban cda vat ly hoc; n6
cho phép ching ta trd 19i cau hoi ctia Leibniz va né cho phép chiing ta mo té
nhitng y twdng cot 16i cia vat ly hoc, nhuw khai niém khong- thoi gian. Hon
nita, dya trén duy chi don thuan 16gic cua tinh nhat tri, twong doéi vat ly khong
doi hoi chitng minh bang thyc nghiém.

Bai Ké Héi Huéng

Nghia ly rong sau ctua chu Phat

To6i nay tong quat noi da roi

Nguyén dem cong dirc vé Phap tanh

Tat ca ching sanh déu dwgc lgi.

(Phdt Phdp rong sdu rdt nhiém mau, Trdm nghin muén kiép khé tim cdu, ... hoc va hanh Phdt Phdp
thdt tinh tdn, lam sdng t6 nghia ly Nhw Lai thdm diéu. Nam mé Bon sw Thich Ca Médu Ni Phdt!)
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Chuong I: Pao Phat la Toan hoc
1.1 Phat 1a Ly Duyén khai
1.2 Cau hoi Ton tai Nguyén thuay

Pao Phat la Toan hoc
ok @ ke

Trong bai ‘Phat gido la “in nhw sy thdt’”, Thay Tri Quang viét: “dac diém
cta Phat gido la "In nhuw sy thdt": Ly thuyét, phuwong phap cung két qua déu
hop ly, déu nhu that. Phat gido khong chen chi quan cia minh vao truéc hay
trong khi suy nghiém sy that, va chan ly ctia dao Phat la 10i két luan sau sy suy
nghiém trung thuc y. Pao Phat chi thay va chi n6i nhitng sy that ma sy vat co,
khong thém khong bét. Pao Phat, nhan dé, cam doan nhitng tin ngudng va
nhitng hanh dong khong phat sinh ttr sy hiéu biét nhw that, luén theo, dao Phat
khong cong nhan nhitng két qua cta tin nguwdng mé ma, hanh dong manh dong
la hgp ly. Cho nén dao Phat cling goi la dao Nhuw That.” Nhung Phat 1a gi?

1.1 Phat la Ly Duyén khéi

Trong Phat gido tiéng “Phat” c6 rat nhiéu nghia. Tuy nhién & day tiéng ay co
thé dinh nghia y c trén hai cau kinh: “Thé T6n da n6i nhu sau, ‘Ai thay duoc
ly duyén khéi, nguwoi ay thdy dwgc Phép; ai thdy dwgc Phap, nguoi dy thay
duwgc ly duyén khéi.”” (Trung Bo, kinh 28 Dai kinh ddu chdn voi), va “Nay
Vakkali, ai thdy Phap, nguwdi dy thay Ta. Ai thady Ta ngwoi ay thdy Phap. Nay
Vakkali, dang thdy Phéap la thdy Ta. Pang thdy Ta la thay Phap.” (Twong Ung
Bg, Pham Trudng ldo. s 22, 87) Hai cau nay hop lai dan dén két luan Phat la ly
duyén khgi, 1a nguyén ly vé cach thitc van phap dong théi cau khéi. Vi du:
Co6 t6 tin, mudn don ngd thoi phai tin qua quyét “Ta la Phat”. Pia vi so tam
phai 1a dia vi thanh tyu don ngd. Va cau “Ta la Phat” c6 nghia la “Ta 1a ly
Duyén khéi”, va theo thuat ngt Hoa Nghiém, “Ta dong nhat thé vgi Phap
gigi”. Néu theo Bo tat Long Tho, Duyén khdi dwgc minh dinh dong nghia véi
Khong, thoi “Ta la Phat” ham ngu sw thwc chitng van hitu déu Khong. Néu
Phat dong nhat vdi ly Duyén khéi va moi phap hién khdi déu do duyén sinh
thoi moi phap ban nguyén la Phat.
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Nhuw vay, ¢ day, su that vé ton tai (existence) hay thurc té (reality) 1a dinh ly y
tanh duyén khai phap (pratitya- samutpada = ly Duyén kh@i) ma dic Phat da
chitng nghiém trong 21 ngay ngoi tai c6i Bo dé. Duyén khédi c6 thé hiéu la
‘hién khai trong sw ho twong 1é thudc’ hay ‘do cac duyén phoi hgp ma phap
sinh khdi’. Phan dau cta tén (pratitya) loai bd ta kién chap thuwdng, vi phap co
la do cac duyén phoi hgp cho nén khong thwong hang. Phan sau (samutpada)
ngan chan ta kién chap doan, vi cé sy sinh khai cac phap khi duyén hoi da. Ca
hai phan gop lai biéu thi Trung dao, nghia la khéng chdp thuwong khong chap
doan.

Mot cach giai thich khac: ‘Toan b y duyén tanh nay tac dong ho twong 1€
thudc, khai 1én nhitng phap dong dang vGi nhau.” Nhw vay, sy vat trong vii tru
sinh khdi khong do mot quyén nang siéu nhién nhw Thugng BE. Vii tru khong
phai 1a hoi thd, la m6t gidc mong cua dang Pham Thién (Brahman), nghia la
van vat khong phat sinh tir mot Nguyén nhan T6i so, mot Ban thé tuyét doi co
tinh chat thwong tich, vo sinh, va vo try, dong nhat vdi ty thé (dtman) tirc can
dé bat diét ctia hién twgng con nguwdi. Tat ca khong phat xuat tr mot nguyén
nhan cho nén van hitu nhat dinh xuét hién do nhiéu nhan. Né6i khac, tat ca déu
la san pham do ho twong 1€ thudc, hién hitu quan hé trong tién trinh nhan
duyeén.

bung hon, khéi niém Duyén khéi 1a mot khai niém vé Khong, tai vi khong
c6 mot cai gi vugt ra ngoai (siéu nhién), nam bén trong (ban thé), hay &
khoang giita (doi thién trung) cac ho twong 1é thugc. Khong & day khong phai
khai niém ‘khong’ do6i dai vai khai niém ‘c6’. Khong & day la thuc tai cia van
hitu virgt thoat moi khai niém ctia nhan (thitc thong thwong, 1a mot tam vai trén
d6 duyén sinh t6 vé nhitng birc hoa v clng sac s&. Nhw thé, Khong dén truéc
nhung khong phai triede trong thai gian vi thoi gian gia dinh mot chudi duyén
sinh. Cai dén trdc cd nghia la cdi can ban. Khi nguwdi ta cé thé nghi dén duyén
sinh hay twong doi tinh dugc, 1a vi Khéng da san trong ching. (D. T. Suzuki,
Thién luan. Tap Ha) Cau cudi dién td cuing mot y nghia vGi khau quyét lirng
danh cua B6 tat Long Tho: “Di hitu Khong nghia c6/ Nhat thiét phap dac
thanh/”” (trong bai tung Trung luan XXIV. 14). Dich thoat: ‘Moi phap do
Khéng ma cé’ hay “Cac phap phdi Khong (vo ty tinh) thdi méi c6 thé hién
hitu”. Vi do duyén sinh sy hitu ctia van vat 1é thugc nhan duyén, nghia la sy
hitu khong c6 yéu tinh quyét dinh nén toan la gia hitu. B6i véi nhitng sy vat
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cua thé gidi thuwong nghiém, sy gid hitu ciua ching tuy thudc vao nhan duyén
nén khong thé cé ty tinh ma hién hitu dwgc. Diéu nay cho thay cau ndi cua
ngai Long Tho, ‘Phai Khong méi Co’, khong co gi dang goi la nghich ly.

Duyén khéi khong gi khac hon 1a tinh twong doi cua ton tai (the relativity
of existence), thwong duwgce phat biéu la ‘hién khéi twong y twong doi’. Xét vé
mdt l6gic hoc, tinh twong do6i cua ton tai phai sinh tir mot tap hgp cac tién de,
chang phai la sy sang tao ex nihilo céi gi do tiv Khong. Nhw vay, vé mdt 16gic
hoc, duyén khéi la mot cau tric toan hoc, nghia 1a, nhitng ton thé triru tuong
cung vdi nhitng quan hé giita chiing. Néu cuwong diéu tinh cach cau tric toan
hoc ctia Duyén khéi xét theo 16gic hoc, thoi ta cé thé noéi: Duyén khéi hay
Phat la Toan hoc.

Tuy nhién ai cling biét rang Phat gido lay dic Phat lam trung tam dé phat
khai va cling 1ay Phat lam trung tam dé trién khai.' Do d6, d6i vd&i nén gido ly
cua Phat gido, bat luan khao sat vé b6 mon nao, néu khong can ct vao nhan
cach va sy ty giac caa dirc Phat thi quyét khong thé nao hiéu dwgc chan y
nghia ctia né: dé la mot quy tac nhat dinh. Néu néi theo sy ty gidc cua dirc
Phat thi Phat gido 1a két qua cai tri “vo su tw ngd” cia dic Phat, nghia la, Phat
gido dugc thanh 1ap béi cai két qua cda 16i néi va viéc lam cua ditc Phét, cho
nén, noi dén Phat gido ma lia xa ditrc Phat thi mat han cai bao chitng dé nhat vé
théa dang tinh thé nghiém. D6 1a ly do tai sao Phat va Phap von la nhat nhu.
Ditng trén lap treong Phat Phap nhat nhw, dao Phat va Phat la mot. Vay c6 thé
xuwdng 1én, vé mdt logic hoc, “Pao Phat la Toan hoc”. Diéu d6 bao ham lu6n
y nghia “Vi tru la Toan hoc”, bdi vi Nhat thiét phap la Vii tru va “Nhu Lai
thuyét: Nhat thiét phap giai thi Phat phap” (Kinh Kim Cang).

Trong tap Luan gidi Trung ludn Tanh khdi va Duyén khai (2003) c6 dé cap
tai nang toan hoc cta ditc Phat khi dem “thé gian nhap vao nghia s6 Iwgng ma
dic Phat da biét”, tai nang ma Pho diéu kinh (Lalitavistara) ciing ké lai trong
mot cudc thi dém s6 lwgng Ngai da thang giai, dén do vi giam khao phai bai
phuc. Nay xin trich ra trong phan Chu thich doan kinh 4y bang Anh ngi* nhw
mot phu luc.?

1.2 Cau héi Ton tai Nguyén thiy
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Trong qua trinh lich st hién dai, ching ta thay nhitng tién bo trong sinh hoc,
héa hoc, vat ly hoc va vii tru hoc vé mot birc tranh ro rang hon vé cach nhu thé
nao (how) ching ta xuat hién ton tai trong vii tru nay. Tuy nhién, mdc dau tat
ca nhitng tién bo do, dwong nhu ching ta khong tién bo thyc té chit nao doi
vGi viéc trd 10i cau hdi can ban tai sao? (why?).

Nam 510 BCE treéc CN, Parmenides ly luan cho rang ex nihilo nihil fit,
“khong co gi dén tir khong c6 gi”, nghia la, vii tru tai hién tai bao ham mot vii
tru vinh hang chang co6 thdi diém cu thé cta sang tao. Cac triét gia Hy Lap vé
sau, nhw Aristotle va Plato, chia sé quan diém ay, nhung khong thyc sy tra 16i
cau hoi. Nam 1697, Leibniz® tim kiém “mét ly do day du tai sao phai c6 mot
thé gigi bat ky nao hon l1a khéng c6.” Ong tuyén bé 4, “khong cé gi xay ra
ma khong cé ly do du,” cau nay bay gid dugc biét nhw 1a Nguyén tdc Ly do du
(PSR=Principle of Sufficient Reason), va 6ng tong quat héa cau héi can ban:
“tai sao phai c6 mot cai gi do, hon la khong cé gi?”, cau nay bay gio dugc
biét nhw la Cdu héi Ton tai Nguyén thiy (PEQ=Primordial Existence
Question).

Cau hoi Ton tai Nguyén thuy gdy bai rdi cho hau hét cac nha vat 1y hoc ciing
nhw cac nha vii tru hoc. Richard Dawkins goi d6 la mét “cau héi tim kiém doi
héi phai c6 mot cau tra 10i giai thich™, va Sam Harris bao rang “bat ky nguwoi
trung thie tri tué nao cling sé thira nhan ho khong biét tai sao vii tru ton tai.
Cac nha khoa hoc, tat nhién, san sang thira nhan khong biét gi vé chuyén ay.”

Vi tru hoc thong trvdng (= thong hoa banh truéng; inflationary cosmology)
hién dai dwa ra mét so kién gidi mdi vé van dé nay. Mot thudce tinh sinh khéi
(generic property) ctia phép thong trieéng la vii tru khéi dau tir mot dao dong
lwgng tw nhd’. Theo Vilenkin’, “mot lwgng nho nang lwong chita trong cai do
cong (ban dau) ay, phan nao giong nhw nang lwgng cét gitt trong mot day cung.
Nguyén ly bat dinh Heisenberg trong nhitng khodng thdi gian da nho cho phép
vi pham nguyén tac bao toan nang lwgng trong phiit chéc. Cai bong béng sau
dé6 thong triéng theo cap s nhan (inflated exponentially) va vii tru tang treéng
da s6 cdp luwgng chi trong khoanh khac ctia mot gidy.” Stephen Hawking dwa
ra mot kién gidi nham giai dap cau héi cua Leibniz, cho rang “bdi vi c6 mét
dinh luat nhu sy hdp dan (gravity) [va vat ly hoc lwgng tit], vii tru c6 thé va sé
tw tao ra tit khong. Su sang tao tw khdi 1a 1y do cé céi gi d6 hon la khong c6 gi,
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tai sao vii tru ton tai, tai sao ching ta ton tai.” ° No6i cach khac, Hawking tin
rang cau héi cta Leibniz da dugc giai dap.

Khuyét diém cta 16gic trén la ngay ca khi toan hoc vé sy sang tao ty khdi la
chinh xac, toan hoc do thuc ra can ci trén thuyét twong doi rong va vat ly hoc
lwgng tir, hai thit nay dau phai la “khong”. Vi thé, chang phai la sy sang tao ex
nihilo cai gi d6 ti khong, ma noéi cho ding, phai sinh vii try, ngay phut nay, tw
mot tap hop céc tién dé. Day la mot két qua khong c6 gi dac sac, bdi vi cho bat
ky tap hgp cac phét biéu phi mau thuan (non-contradictory statements) nao,
chuing ta lu6n ludn c6 thé phai sinh cac phat biéu do tir mot tap hop cac tién dé
bang cach st dung cac phat biéu nhw tién dé. Hawking trinh bay mot luan diém
vé vii tru c6 thé duge phai sinh tir mét t6 gidm thiéu cac tién dé. nhung 6ng da
khong lam gi dé trd 16i cau hoi tai sao nhitng tién dé ay (ctia M-thuyét, hay cta
thuyét twong doi rong va vat ly hoc lwgng t) la ding, 6ng cling chang chi cho
thdy ching la tdp hgp tién dé co ban nhat kha hitu. Vi vay, 6ng hoan toan
khong dong dén cau héi cta Leibniz.

Hau hét cac nha vat 1y hoc déu nhan thitc dwgc van dé nay. Brian Greene cu
thé chi cho thdy vii tru hoc théng trweéng hién dai khong thé gidi quyét cau hoi
cta Leibniz,va n6i thém rang “Néu mot minh 16gic phan nao doi héi vii tru ton
tai va chi phoi bdi mot bo luat duy nhat v6i cac phéi liéu doc dao, thoi co 1€
ching ta da c6 mot cau chuyén tin phuc. Nhung dén nay, do6 la khong co gi
ngoai mot gidc mong ban ngay!"

Nhu Greene ghi nhan, “Ngay ca khi mot hoc thuyét vii tru hoc tim cach phat
trién sy giai dap cau hoi cua Leibniz, ching ta c6 thé héi tai sao hoc thuyét dac
thu ay - nhitng gia thiét, thanh phan, va phuwong trinh ctia n6 - la thich hgp, do
do6, day cau héi vé nguyén thay thoai mot buwdc xa hon”" Van dé quy thoai vo
han (infinite regress) dy da dugc hiéu biét tir xwa . Trong thyc t€, dé6 khong chi
la mo6t cau héi to mo, bai vi nhitng gia thiét ty nhién cta ching ta vé chu dé
nay dan téi mot mau thuan logic.

Néu cau S la chan (ding) mot cach khach quan, thai “bat S” (not S) 1a mot
mau thuan, va mot mau thuan trong mot hé hitu han céc tién dé nao do6 c6 thé
chitng minh 1a gia (sai). Tuy nhién, mot chitng minh “bat S” la gid dong thoi
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cling chitng minh “S la chan”, nghia la, bat ky phat biéu nao la chan mét cdch
khdch quan thoi c6 thé chithg minh véi mot chitng minh khdch quan.

Chang c6 bao nhiéu sy vat cé thé dugc chitng minh la chan mot cach khach
quan, bdi vi bat ky chithg minh nao y vao céc tién dé la chang khach quan néu
chang ching minh cac tién dé cling chan mot cach khach quan. Mot chiing
minh can phai theo mot chu6i hitu han cac budc, vi thé, né khong thé 1a mot
quy thoai vo han. Vay dé thuc s la khach quan, mot chitng minh phai chang
c6 tat cd moi tién dé. Tuy nhién, nhitng sy vat duy nhat kha di chitng minh la
chan chang c6 tién dé déu la nhitng lap thira (tautologies).

Pinh ly 1. Nhitng su vat duy nhat co6 tinh chan mét cach khach quan la
nhitng sy vat kha di chitng minh la chan chang sit dung bat ky tién de
nao.

Néu sy chiing ta ton tai la mét tinh chan khach quan, thoi theo Dinh 1y 1, tat
phai c6 mot chitng minh khach quan phai sinh sy ton tai ctia ching ta chang s
dung bat ky tién dé nao. Biéu do la bat kha thé, la khong thé dugc, bai vi sy
ton tai cua ching ta chang phdi la mot lap thira 16gic. Do do6, khi gia thiét
chung ta ton tai m6t cach khach quan, chiing ta vap phai mot mau thuan.

Cach gidi quyét duy nhat nghich ly dé la thira nhan gia thiét cho rang sy ton
tai ctia chiing ta c6 tinh chan mét cach khach quan la mot mau thuan phai bac
bé. Biéu dé khdng c6 nghia két luan ndi tiéng cogito ergo sum, hay “T6i tw
lwgng, vi thé toi ton tai” ctia Descartes la sai; néi cho ding, n6 cé nghia sy ton
tai 1a chang khach quan, ma la twong doi do6i véi tap hgp tién dé nao do, va sy
ton tai twong doéi khong tré ngai kinh nghiém ty y thitrc. Nhu thé, dy twéng vé
s ton tai vat ly khong sai biét vGi s ton tai toan hoc * lién quan dén tap hgp
tuy y cac tién dé xac dinh thyc té caa ching ta.

Pinh ly 2. Kinh nghiém ty y thitc c6 thé dugc phai sinh mot cach toan
hoc tir tap hop cac tién dé nao do. Trén quan diém cia tinh ty y thivc ay,
ton tai toan hoc la ton tai vat ly.

bang lwu y 1a m6t hoc thuyét rat gan dat dwoc muc tiéu néi trén da dugc de
xuat béi Tegmark, dugc goi la Gia thuyét Vii tru Toan hoc (The Mathematical
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Universe Hypothesis; MUH) hay Thuyét Toan thé T6i chung (Ultimate
Ensemble Theory).

Chu thich

1. Kimura Taiken. Tiéu thtra Phat gido Tv twdng Luan. Hoa Thugng Thich Quang D0 Viét dich. Phat
hoc Vién Quéc té xuat ban. 2533 - 1989. Tr. 57.
. Story of how the young Buddha passes his maths test
King Suddhodana then asked the Bodhisattva: “Can you, my son, rival the skill of the great

mathematician Arjuna in the knowledge of mathematics?”
“Sire, I can,” he replied. So the Bodhisattva was told to show his ability.

§ I. The Bodhisattva knows up to ten numerations

The great mathematician Aijuna asked the Bodhisattva: “Young man, do you know the procedure of
numeration called kotisatottara, more than a hundred kotis?”

The Bodhisattva answered: “I do.” [usually a koti is ten million or 10*7]

”Weil then, how must one proceed to enumerate more than a hundred kotis?”

I he Bodhisattva replied: “A hundred kotis is called ayuta; a hundred ayutas is called niyuta’, a
hundred niyutas called kankara\ a hundred kankaras is called vivara; and a hundred vivaras is called
akshobhya, a hundred aksobhyas is carried vivaha; a hundred vivahas is called ulsanga; a hundred
utsangas is called bahulcr, a hundred bahulas is called nagabala\ a hundred nagabalas is called titila', a
hundred titilas is calied vyavasthanaprajnapti'’, a hundred vyavasthanaprajnaptis is called hetuhilcr, and a
hundred hetuhilas is called karahu', a hundred karahus is called hetvindriycr, a hundred hetvindriyas is a
samapta lambha\ a hundred samaptalambhas is known as gananagatir, a hundred gananagatis is called
niravaravadycr, a hundred niravaravadyas is called mudrabala’, a hundred mudrabaias is called

sarvabala\ and a hundred sarvabalas is called visaminagati'. a hundred visamjnagatis is a sarvasamjna‘, a

hundred sarvasamjnas is a vibhutangama’, and a hundred vibhutangamas is called tallaksana. [then
100723 kotis would mark 10A53]

“Now with the numeration cailed tailaksana one could take even Meru, the king of mountains, as a
subject of calculation and measure it. And next is the numeration called dvajagravati’, with the help of
this numeration one couid take all the sands of the river Ganges as a subject of calculation and measure
them.

Above this is the numeration called dvajagraitisamani\ and above this is the numeration of

vahanapraginapti', next comes the numeration called ingo; above this is the numeration of kuruta.
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Again above this is the numeration called sarvaniksepa, with the help of which one could take the
sands of ten Ganges rivers as a subject for calculation and measure them all.

.And again above this is the numeration called agrasara, with the help of which one could take the
sands of a hundred kotis of Ganges rivers as a subject of calcuiation measure them all. [these sands of the
Gangeses would be too few for their respective numerations]

“And again above this is the highest numeration called uttaraparamamuajahpravesa, which is said to
penetrate the most subtle atoms. Except for a Tathagata, or a Bodhisattva who has reached the purest
essence of Enlightenment, or a Bodhisattva who has been initiated into all the Dharma, there is no being
who knows this numeration, except myseli or a Bodhisattva like me, who has arrived at his last existence,
but has not yet left home.”

§2. Counting the atoms in a yojana and the Earth’s mass
Arjuna said: “Young man, how must one proceed in the numeration which penetrates the dust of the most
subtle atoms?” [counting back this list of lengths an atom would measure between 1 and 1000 picometer,
in reality its diameter is 60 to 600 pm]

The Bodhisattva said: “Seven subtle atoms make a fine particle\ seven fine particles make a small
particle’, seven small particles make a particle called vatayanaraja\ and seven particles of vatayanaraja
make a particle called sasarajcr, seven particles of sasaraja make a particle called edakaragja\ seven
particles of edakaraja make a particle of gorgicr, seven particles of goraja make a liksargia', seven
liksaraja make a sarsapa; seven sarsapas make an adyava; seven adyavas make an anguli’, twelve anguii
make a parvcr, two parva make a hastcr, four hastas make a dhanu', a thousand dhanu make a krosa of
the country of Magadha; four krosas make ityoiana. [a yojana measures a day's march of a royal army in
distance, here covering about 108*10*12 atoms] And now who among you knows the mass of one
yojana, and how many of these subtle atoms it contains?”

Arjuna said: “I myself am even more astonished than others of lesser knowledge. Let the young prince
show us the mass of a yojana, and explain how many subtie particles are {6und in it.”

The Bodhisattva replied: “In the mass of ayoiana there are a complete niyuta of aksobhyas plus thirty
hundred thousand of niyutas of kotis plus sixty hundreds of kotis plus thirty-two kotis and five times a
hundred thousand and tweive thousand. [a 'mass' of 10003000000000000060320512000 atoms?] Such is
the calculation of subtle particles in the mass of a yojana.

By this procedure, there are here in the land of Jambu seven thousand yojanas; in the land of
Aparagodana, eight thousand yojanas; in the iand Purvavideha, nine thousand yojanas; in the land of

Uttarakuru, ten thousand yojanas. [Earth 34000 yojanas ~ mass 3.4E32 atoms]

§3. Three thousand great thousandiold world in essence incalculable
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( continuing with this method, beginning with the worlds composed of hmr continents, there are a
hundred kotis of yvorlds with four continents and a hundred kotis of great oceans; there are the hundred
kotis of ('ukravalas and of Maha Cakravala', the hundred kotis of Sumerus, kings of mountains; the
hundred kotis of realms of the Four Great Kings* the hundred kotis of realms of the Thitty-three gods\
the hundred kotis of reaims of the Yama gods’, the hundred kotis of Tusita icalms; the hundred kotis of
Nirmanarata realms; and the hundred kotis of Parinimita vasavartin realms. There are the hundred kotis
of Btahma realms; the hundred kotis of Brahmapurohita realms; the hundred kotis of
Brahmaparsadya realms; the hundred kotis of Mahabrahma realms; the hundred kotis of
Parittabha realms; the hundred kotis of Apramanabha realms; the hundred kotis of Abhasvarana
realms; the hundred kotis of Parittasubha realms; the hundred kotis of Apramanasubha realms; the
hundred kotis of Subhakrtsna realms; the hundred kotis of Anabhraka realms; the hundred kotis
of Punyaprasava realms; the hundred kotis of Brhatphala realms; the hundred kotis of
Asangisattva realms; the hundred kotis of Abtha realms; the hundred kotis of Atapa realms; the
hundred kotis of Sudrsa realms; the hundred kotis of Sudarsana realms; and the hundred kotis of
Akanistha realms. [3000 kotis of worlds in total, maybe 3*10*10]

“All together these are said to be the whole of the three thousand great thousands of worlds, spread
out and developed. All the calculations of the essence of the yojana includes the many hundreds of
yojanas of subtle particles in this mass of three thousand great thousands of vvorids, the many thousands
of yojanas, the many kotis of yojanas, and the many niyutas of yojanas.

And how many subtle particles are there? It passes beyond calculation, it is incalcuiable. There are an

incalculable number of subtle atoms in the mass of the three thousand great thousands of worlds.”

84. Admiration of this mathematical lesson

While this lesson on enumeration was being taught by the Bodhisattva, the great mathematician
Arjuna and the multitude of Sakyas listened with pleasure, joy, and happiness. Everyone there was iilled
with great admiration, and each of them presented the Bodhisattva with garments and omaments. The
great mathematician Arjuna then uttered these tvvo verses:

“The hundreds of kotis and the ayutas, the nayutas and the niyutas, the procession of the kankaras, the
vivahas, and the aksobhyas as well: this supreme knowledge I do not have - he is above me.

One with such knowledge of numbers is incomparable!

“And doubtless, o Sakyas, he could calculate the dust of the three thousand worlds, as well as all the
herbs, the woods, the medicinal piants, and even the drops of water, in the time it takes to say ‘Hum’.

How could these iive hundred Sakyas do anything more wonderful?”

Then gods and men by the hundreds of thousands uttered cries of admiration and joy.

And the devaputras in the expanse of the sky recited this verse:
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11.

“The concepts and the ideas, the reasonings good or bad, small or great, the workings of the minds of
all the beings of the three times: all this he knows perfectly through a singie movement of his mind.”

Thus, o monks, the Bodhisattva distinguished himseli by his superiority over ali the other young
Sakyas. And as they continued their contests - in jumping, in swimming, in running and all the rest - the

Bodhisattva again and again demonstrated his superiority...
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Chuwong II: Vi tru Toan hoc

2.1 Khoa hoc Nhan thitc va sy két ndi gitra vat 1y hoc va toan hoc
2.1.1 Tong quat
2.1.2 Vat ly hoc
2.1.3 Toan hoc
2.2 Co6 that Toan hoc la sy dung hgp phtrc tap ctia phat minh va phat
hién?
2.2.1 Nang luc phi thwong caa Toan hoc
2.2.2 Toan hoc = Nghé thuat + Khoa hoc
2.2.3 Mot chuyén tinh toan hoc
2.2.4 Toan hoc duwgc phat minh hay phat hién?
2.2.4a  Sang tao va Kham pha
2.2.4b Chon lva va Tién hoa
2.2.4c  Tinh d6i xttng ctia Ty nhién

Vii tru Toan hoc

2.1 Khoa hoc nhan thi¥c va su két nai giira vat ly hoc va toan hoc'

2.1.1 Tong quat

Tam con ngwoi duge phd cho nhitng cam tri nguyén thuy bam sinh nhw la
khong gian, khoang cach, van dong, bién cach, dong thdoi gian, vat chat. Theo
khoa hoc nhan thitc (cognitive Science), nhitng khai niém trtru twgng ctia toan
hoc khong phai Plato tinh* (Platonic). Ching dwgc dyng 1én trong ndo tir nhitng
cam tri nguyén thuy do, theo phuwong thic st dung cac an du khéi niém’
(conceptual metaphors). Cac co ché nhan thitc di tri phéat sinh ngdon ngit cuwc ky
chinh xac va 16gic caa toan hoc. Do do, tat ca su bao la cta toan hoc, cuing véi
nhitng dinh 1y t6t dep cia nd, la toan hoc nhan loai (human mathematics). N6
tru trong tam, va chang ‘& ngoai do’ (out there).

Vat ly hoc la mot khoa hoc thyc nghiém trong dé két qua thyc nghiém dwgc
mo ta theo phwong thitc cac khéi niém cu thé - nhitng khai niém nay ciing dugc
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dung lén tr nhitng cam tri nguyén thuy cia ching ta. Muc dich cua vat ly hoc
ly thuyét la mo ta tinh tuan quy (regularity) thy'c nghiém quan sat dwoc cia thé
gigi vat ly theo mot phuwong thite ro rang, chinh xac va logic. Bé thyc hién diéu
d6, ndo can st dung nhitng khai niém trtru twgng dwoc xac dinh rd rang ma tam
da an du hoa tir nhitng cadm tri nguyén thuy cta ching ta. BGi vi cu thé va tritu
twgng déu phai sinh tir cai nguyén thuy, sy két noi gitta vat ly va toan khong co
gi huyén bi, nhung tw nhién. Sy két noi d6 duge dyng 1én trong ndo con nguoi,
noi ma mot tap hgp con nhé bé cta toan hoc nhan loai rong 16n dugc trang bi
dé mo ta tinh tuan quy cua vii tru. Vat ly hoc ly thuyét nén duge xét nhu 1a mot
nganh cta toan hoc, ma céc tién dé cta n6 dugc thi thiét la do cac quan sat thé
gigi vat ly lam dong co thic day. Ching ta st dung vi du vé thuyét lwgng tir
(quantum theory) dé chitng minh nhan tinh ctia két néi vat ly-toan hoc: doi khi
hu nhwge, khong hoan my. Nhung nhitng khuyét diém nhuw vay, ching ta
khong cho 1a nghiém trong (b&i vi chang c6 thi nghiém nao dwoc biét la vi
pham thuyét lwgng t¥). Thai do do chitng té tam quan trong co ban cta cac thi
nghiém trong vat ly hoc. Biéu nay khong giong nhu trong toan hoc, muc tiéu la
tam cau cac quan hé 16gic va wu nha gitta cac khai niém tritu twgng do tam
sang tao.

2.1.2 Vat ly hoc: Thi nghiém, Thong nhat Khai niém, va Toan hgc

Toan hoc la mot ngon ngit chinh xac trong dé nhitng phat biéu ding c6 thé
duwogc chitng minh khéi dau tiv mét tap hop tién dé, st dung 16gic. Ca mot 1au
dai nguy nga toan hoc dwgc cung cdp vé6i nhitng dinh ly dep va vi dai, va sy
thong nhat thong qua s6 hoc, dai s6, hinh hoc, va giai tich. Toan hoc tuéng nhw
khong phai la mot noi lam thi nghiém. Mat khac, vat ly hoc la mét khoa hoc
thue nghiém (do dé, tuy thude ki thuat hoc = technology) vé thé gigi ching ta
quan sat, noi ma cac thi nghiém ghép doi véi nhitng budc nhay vot 16n cua s
thong nhat khai niém. Toan hoc dung trong vat ly hoc chi dén vao giai doan
sau, khi ching ta tim ki€m mot ngon ngit chinh xac dé mo ta cac hién twgng
vat ly dugc quan sat.

M0ot cai nhin thoang qua lich st vat ly hoc sé lam chitng cho nhitng nhan
dinh trén. Hang ngan nam trudc, vat Iy hoc cé nhitng khéi dau chat lvgng, phi-
toan hoc trong nhitng cam tri nguyén thdy vé vat chat, anh sang, hinh dang,
thitc biét mau hinh, khéng gian, thoi gian, van dong, va dém s6 co ban. [Dém
sO co ban (elementary counting), hay cam gidc s6 tw (number sense), dat dugc
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bang cac mach két n6i vinh vién (hardwired; nganh tuyén) trong ndo va la mot
khai niém trong yéu chung cho ca vat ly hoc va toan hoc].

Ban dau, mot quan sat/thi nghiém c6 y nghia t6i trong yéu, lién quan dén
chuyén dong cua mat trdi, mat trang, va cac hanh tinh d6i véi boi canh cta
thién cau c6 dinh. Tri thitc nén tang vé cac hinh dang hinh hoc (nhw hinh tron)
duwgc dung dé mo ta chuyén dong ctia ching chung quanh qua dat. Nhiéu thé
ky sau, mot budc nhay vot 16n vé khai niém dwa dén cong nhan rang sy mo ta
tw nhién cua ching ta sé don gian hon néu gia thiét qua dat va cac hanh tinh
chuyén dong chung quanh mat troi. D6 la mot phat trién lich st doc lap vdi
toan hoc. Nho k¥ thuat tién bg, nhitng quan sat phi pham da tao ra hinh dang
quy dao cta Héa tinh. Sau do, cac khai niém veé lyc va gia tdc dugc thi thiét,
tiép theo la mét trong nhitng nguyén ly thong nhat 16n nhat trong vat 1y hoc:
lyc day cac hanh tinh chung quanh mat trgi giong nhw lwc hap dan khién sy vat
trén qua dat roi xuéng nén. Toan hoc nhdy vao khi Kepler suy doan quy dao
ctia Héa tinh 1a mot elip, va khi Newton suy dién tir thi nghiém nhu thé nao luc
va gia toc twong quan vé mat so lwgng, nhw thé nao lwc hdp dan giam stt khi
khoang céach gia tang, va nhw thé nao luat chuyén dong két hop vdi luat hap
dan chi cho thay quy dao cac hanh tinh quanh mat trdi 1a hinh elip. vé dep toan
hoc tuyét voi hién ra trong chitng minh cua Newton, va sy thanh cong dang
kinh ngac cta nhitng chithg minh nhw vay tit nhién la chi dé cia cudc théao
ludn nay. Xin nhan manh mot lan nita, trong vat ly hoc, quan séat/thi nghiém, va
khai niém va sy thong nhat ching dén trudc, va s nhap cudc ctia toan hoc dén
sau nhuwng rat trong theé.

Chac chan, tién trinh do6 lap di lap lai suot lich st vat 1y hoc. Xin trinh bay
tién trinh dé6 nhu sau. Cac thi nghiém tri tuc vé dién hoc va tir hoc qua nhiéu
thé ky, va s phat trién khai niém vé mot trwong (a field), cu6i cung dan dén sy
hiéu biét khai niém céng nhan dién lwc va tir lyc 1a hai khia canh cta cing mot
dién tir trvong, ti€p theo sau la sy lap cong thitc todn hoc chinh xac vé dién
dong lwc hoc Maxwell. Do quan sat thay ro tich s6 do dién tham va do tir tham
bang nghich ddo ctia toc d6 anh sang binh phwong‘, Maxwell nhady vot thém
mot bwde, kham pha anh sang la mot séng dién tir. Sy bat lwc cta vat 1y hoc ¢o
dién dy doan quang pho bitc xa cua hac thé (black-body) dwgc quan séat qua thi
nghiém da goi y cho Planck khai niém md&i vé cac nguyén tr phat xa va hap
thu anh sang theo phwong thitc lwgng tr roi rac (in discrete quanta), ti€p theo
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sau la cong thitc bitc xa ctia Planck. Sy thiéu kha nang cta vat 1y hoc co6 dién
giai thich nhitng dac diém cna hiéu ng quang dién (photo-electric effect) goi y
Einstein quan niém anh sang bao gom nhitng lwgng t roi rac, ti€p sau do la
quan hé toan hoc chinh xac giita nang lwgng va tan s6 cta photon. Bohr dé
xuong khai niem dong luvgng goc lugng tir hoa (quantised angular momentum)
dé gidi thich cadc quang pho cua hydro. Cudi cung, Schrodinger va Dirac dat
cac cong trinh cia Planck, Einstein va Bohr trén mot co sé toan hoc vitng chac,
trong nhitng phuwong trinh cwc ky thanh lich va phé quat. Lu6n luén, thi
nghiém va khai niém trudc, va sau do 1ap cong thic toan hoc.

Doi khi, mot khai niém trd nén 106i thai, lac hau, cho nén phai thay noé di. Thi
nghiém Michelson-Morley khong thanh cong phat hién sy chuyén dong cuaa
qua dat thong qua gia thuyét ether khién Einstein va nhiéu khoa hoc gia khac
budng bd ether, va tam cau mot tap hgp cac bién doéi toa do toan hoc cho phép
toc do anh sang khong bién do6i doi véi tat ca cac quan séat vién khong tang toc
doi vdi cac hé quan tinh (quan sat vién quan tinh; inertial observer). Ngay ca
trong truong hop thuyét twong doi rong, bao rang thuyét ay dwgc xdy dung
thuan tdy trén dién dich Iyc, ching ta than trong khi nhan xét nhw thé. Goc ré
nam trong s that thi nghiém dang lwu y la cac doi twgng dua tat ca khoi lwgng
roi trong trwong trong lwc cung mot gia toc, tit d6 mot bwdc nhdy vot khai
niém dan dén trong lyc la d6 cong khong- thoi gian. Theo sau buéc nhay vot
dé la rat nhiéu nam Einstein phdi vat 1on véi toan hoc, tredc khi dat dugce cac
phwong trinh treong (field equations) chinh xac. Ngay ca sau do, pham vi dé
md& hau c6 bao gom hay khong hang s6 vii tru (cosmological constant), va chi
dén nay, tuobng nhw mot trdm nam sau, mdi tim ra 10i gidi dap theo phuong
thirc quan sat thién van!

Vao nhitng dip khac, mot hoc thuyét toan hoc nhat tri dwgc dyng 1én can c
trén sy hiéu biét thyc nghiém dwong thoi, nhung khong dugce thi nghiém ching
thie. Chang han, hoc thuyét vo huwdng twong doi vé trong lyc (relativistic
scalar theory of gravitation) xem nhu bat kha hanh, b&i vi khong dy doan dwgc
s bé cong 4nh sang. Hodc tredng hop cac phwong trinh Maxwell doi xitng cao
d6é vé6i nhitng don cuc c6 t tinh ma chang cé bang ching gi vé tir lugng
(magnetic charges). Do do, ching ta khong tin cac phuwong trinh 4y mé ta tw
nhién, mac dau ching dep hon dién dong lyc hoc Maxwell thuwong nghiém.
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Toan hoc ma cac nha vat 1y hoc st dung phan 16n la twong doi don gian, chi
mot tap hop con nho cua lau dai toan hoc thuan tiy nguy nga trang 1é. Ciing
can dé y dén toan hoc ma cac nha vat ly hoc dung chang bao gio da dong dén
st lra chon diéu kién dau! Toan hoc mo6 ta cac dinh luat vat ly hoc can dwgc bo
sung b&i nhitng diéu kién dau. Nhitng gi dinh doat nhitng diéu kién dau cua vii
tru? Co6 nhitng quy luat toan hoc cho ching hay khong? Ching ta khong biét,
chwa biét duogc.

Ching ta c6 thé xét xem vat 1y hoc ly thuyét nhw céi tap hop con toan hoc
thuan tiy ma tién dé va khai niém la do cac thi nghiém trén thé gi¢i vat ly lam
dong co thuc day.

Hau qua cac dinh ludt vat 1y hoc gidng nhw cac dinh ly di theo tir cac tién de.
Trén quan diém do, khong c6 gi dang ngac nhién khi thady cac nha vat ly hoc
16n doi luc st dung nhitng phwong trinh ctia ho dé dw doan két qua cda cac thi
nghiém trong twong lai. Chang han, du doan cta Dirac vé phan-vat chat (anti-
matter), va dy doan cda Einstein vé sy bé cong anh sang. Dinh luat 1y thuyét la
mot sy mo ta toan hoc toan dién chinh xac cac hién twgng nam trong linh vurc
cta no, dong co thac day bai thi nghiém, va dw bao cac thi nghiém sé t6i, cho
dén khi c6 mot thi nghiém lam 16 ra giGi han cda luat, budc ching ta phai tim
kiém mdt luat tong quat hon.

2.1.3 Toan hoc: Vat ly hoc Nguyén thiy, Tién dé, Pinh ly, va Vé dep.

Diéu dang noi trude tién la toan hoc giéng nhw vat 1y hoc bat ré tir nhitng
cam tri nhan loai nguyén thuy: hinh dang, thitc biét mau hinh, dém, khong
gian, thoi gian, va bién chuyén. V&i mot di biét dang ké: trong toan hoc, chang
c6 cho cho vat chat (chat liéu), va ma rong ra, cho anh sang! Doi véi ching ta,
dé la sy khac biét to 16n gitra vat ly hoc va toan hoc, tir d6 tat ca cac di biét
khac ndy mam. Vat chat trong toan hoc thich hgp chirng nao n6 gitp trong sy
triru twgng hoa, va dé di dén y twdng tri'c quan vé mat tap hgp (cac doi twong).
Nhung céac loai tdp hgp ma mot nha todn hoc quan tam dén nhu tap hgp cac s
nguyén, tap hgp cac sb siéu viét, tap hgp hét thdy cac tam giac trén mdot phang,

tap hop cac hat co ban ma mot nha vat 1y hoc quan tam dén. Sau day la phan

bién minh cho diém cong dong ctia nhiéu cam tri nguyén thiy ctia con nguoi,
co sO trén do ca vat ly hoc va toan hoc duwgc dung lén, doi v6i ching ta la
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duyén c@ cua “sy cong hiéu bat hgp ly cua toan hoc trong vat 1y hoc” (the
unreasonable efficacy of mathematics in physics)’.

Triru twong tir dém, hinh dang, mau hinh, va khong gian- thoi gian-bién
chuyén, toan hoc nhan dwgc nhitng thue thé co ban chwa dinh nghia nhw cac so6
tw nhién, diém va tuyén. Bang cach cho dinh nghia/tién dé cung véi nhitng
phép todn va quan hé giita chiing, tiép theo la tong quét hda, cac nha toan hoc
phat trién nhitng cha dé c6 dién vé ly thuyét so, dai s6 hoc, hinh hoc va giai
tich. Mot chuwong trinh n6 lwe khuéch dai sy thong nhat thong qua nhitng phat
trién nhuw 1a hinh hoc dai s6, thuyét so dai s6 va hinh hoc s6 hoc hién dang dién
tién.

Vi du n6i bat nhat vé tritu twgng toan hoc va tong quat héa, va déng co thic
day nhw thé nao c6 1é dén tir sy phat trién hé thong s6. Su6t nhiéu thé ky, cac
nha toan hoc c6 gang tim hiéu nhitng gi hién gio dang dwoc giang day tai cac
treong Trung hoc. Duyén c@ ctia cac so ty nhién la nhitng doi twgng trong thé
gigi vat ly, nhung ty ky tritu twgng rat nhanh thanh nhitng thyc thé, chang can
tham chiéu nhitng doi twgng vat ly. Cac dinh luat co ban cta s6 hoc (tinh giao
hoan, tinh két hgp, tinh phan bd) chi phéi cach cong va nhan cac so. Sy tién
dan s zero va phép trir, cing v6i hé thong ky hiéu (notational System) An do
dé biéu tuwgng cac s6 nguyén, va nguyén ly quy nap toan hoc danh dau tién bo
quan trong.

Thé gidi hdp dan va dep cta cac s6 nguyén t6 bao gom chitng minh quan
trong dinh ly s6 nguyén to, gia thuyét cia Goldbach chwa dwge chitng minh
(moi sO chan c6 thé biéu hién nhw mot tong s6 cia hai s6 nguyén t6), va phat
biéu chwa dwgc chitng minh (c6 vo s6 cac cdp s6 nguyén td p va p+2), dinh ly
cudi cung cua Fermat chi dwgc chitng minh gan day, cong trinh ctia nhiéu nha
toan hoc xuat sac trong nhiéu thé ky, Phan so6 lién tuc, phuwong trinh
Diophantine, va nhiéu hon nita. T4t ca nhitng sy bién toan hoc do6 khién chiing
ta tin rang cac s6 c6 mot cudc song riéng cia ching. Nhung ching song & dau?
Sau ddy, ching ta sé tim cach gidi thich, mac dau xuét hién nhuw biéu twong,
ching séng trong ndo con nguoi, va khong noi nao khac.

Cac s6 nguyén am dwgc tién dan nham cho phép trtt mot s6 16n hon tir mot
so0 nhé hon c6 y nghia. Céc s6 hitu ty (rational numbers) dugc tién dan dé cho
phép chia b/a cé y nghia dau s6 b chang phai la mé6t bdi s6 ctia a. Mot lan nita,
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tong quat hoa dwgc thwe hién véi si bdo dam céac tién dé nguyén thiy dwgc
bao ton bdi hé thong rong hon, néu khong thoi chi 1a mot tong quéat hoa vo
dung. Cac s6 vo ty tim thay vi tri cia ching trén dwong thang s6 nhw nhitng so
thap phan phi-trung phitc v6 han (non-repeating infinite decimals). Khai niém
vé gidi han, chu6i v6 han, va Lién tuc thuc (real continuum) dwgc phat minh
va lgi ich bao la cho vat ly hoc ly thuyét. Hinh hoc giai tich xuat hién: moi d6i
twgng va phép toan hinh hoc cé thé anh xa t6i s6. Pen lwot ra mat phan tich
phép toan hoc cai vo han, tinh dém dugc (denumerability) ctia cac s6 hitu ty,
tinh khong dém dwgc ctia Lién tuc (continuum), ban s6 ctia cac tap hgp vo han,
sO siéu han, trang thai bat kha phan dinh cta gia thuyét Lién tuc cua Cantor
(Chang c6 tap hgp vdi ban so6 16n hon ban so6 cua tap hgp cac s6 nguyén, nhung
nho hon ban s6 cta tap hop céac thuc s6). Ngoai ra con c6 thuyét tap hgp phi -
Cantor ctia Cohen, trong dé gia thuyét Lién tuc khong ding. Cho dén nay, khéi
dau tir cam tri nguyén thtuy phép dém, chiing ta da xay dyng nwong trén nang
lyc ctia sy tong quat hoa day y nghia. Pen mot 1anh vye xa la hon, rét can tGi
thé gidi cac phitc s6 (van con tuy thudc cac luat co ban cua s6 hoc) dé cap y
nghia cho 10i gidi cac phwong trinh bac hai. Thuyét ham v&i mét bién s6 phitc
nay nd; tuy nhién gia thuyét Riemann van con la bai toan i tiéng chwa dwoc
gidi quyét trong toan hoc, va sé cé nhitng hé qua quan trong cho sy hiéu biét
cac s6 nguyén to.

Triru twgng cac hinh dang dan t&i hinh hoc, chang vi du nao t6t hon cong
trinh lich st trong Elements ctia Euclid, noi ma phwong phéap dién dich toan
hoc hién dai tir cac tién dé lan dau tién dwgc trinh bay, hon hai ngan nam vé
tredc. V@i tritu twgng hon nita, chiing ta biét duwgce ngoai hinh hoc Euclid,
phang con thira nhan mat hinh hoc afin (affine geometry), bao ton tuyén thang
va tuyén song song, nhung khong khodng cach, va hinh hoc xa anh (projective
geometry) chang bao ton tinh song song. Vit bé dinh dé thit nam cua Euclid,
cac hinh hoc gia phat minh nhitng hinh hoc cong, don dwong cho cong trinh
16n ctia Riemann vé cac siéu dién vGi do cong tuy y, va hinh hoc vi phan. Céac
khong gian vai thi nguyén tuy y (ké ca vo han) dugc tién dan.

Sv khao sat cac hinh dang doc lap vdi cac thudc tinh metric va xa anh phat
sinh truong cua tépo (topology). S6m hon hét 1a cong thitc ctia Euler cho hinh
da dién. Bai todn B6n Mau chi dugc gidi quyét méi day (1977), sau hang ngan
gio thao tac trén may vi tinh va chitng minh dugc gian h6a nam 1997 va sau do
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nam 2005. Khai niém thit nguyén duwgc tong quat héa nhw mot tinh nang caa
topo. Tht nguyén (hinh thé bién lap) Hausdorff xuat hién mat thiét trong
thuyét hinh thé bién lap (theory of fractals) cia Mandelbrot. Trong nghién cttu
tOp0, mot lan nita, ching ta thiy sy tritu twgng lam toan hoc phong phu thém
nhu thé nao.

Su thitc biét mau hinh, véi nhitng kién nhap tir s6 hoc, la co s& ctia dai so
hoc. O day, cac dinh luat co ban cta s6 hoc duwoc tu chinh, phéat sinh nhitng
khai niém vé nhom, trwong, vanh va ly twdng. Mo6i mot trong chiing tw ban
than tré thanh mot nganh toan hoc. Hinh hoc dai s6 1a hién dai hoa hinh hoc
gidi tich cua Descartes nghién cttu phvong trinh cho nhitng duwong cong va mat
trong cac thit nguyén cao hon, sit dung s6 phitc, dan dén dinh nghia cac da
dang dai s6. Serre va Grothendieck dong goép 16n cho thé ky 20. Hinh hoc s6
hoc phéi hgp hinh hoc dai s6 véi ly thuyét s6. Pay la mot treong con cta
thuyét s6 dai sO nghién cttu nhitng cau tric dai s6 lién quan dén cac so dai so.
Sy triru twgng sau sac nay dugc ké tiép bai tong hgp va thong nhat sau sac
trong toan hoc thuan tuy.

Phép tinh vi tich phan (calculus) dwong nhién la tritu twgng tw quan sat van
dong va bién chuyén, va dén vdi khai niém mdi vé cac vo cung bé. Can nguyén
nam trong hai van dé: xac dinh cac tiép tuyén ctia mot dwong cong (su ra doi
cta phép tinh vi phan) va xac dinh dién tich bén trong mot dwong cong (su ra
doi ctia phép tinh tich phan). Thién tai cia Newton va Leibniz la nhan ra sy noi
két gitta hai phép tinh ay. Khong c6 gi la vé phép tinh vi tich phan, dugc phat
minh dé hiéu biét chuyén dong, cach ménh héa co hoc va vat ly hoc. Khai
niém toan hoc va ty nhién hoan toan hoa hgp. Hién nay cac nha vat ly hoc st
dung phép tinh vi tich phan trong cong viéc cia ho c6 1€ hon bat ky nganh toan
hoc nao khac.

Mot tinh nang thong nhét cia toan hoc hién nay la cé thé hoan toan dat co s&
trén mot xr ly thuyét tap hop theo phwong thirc tién dé, va phai sinh ti* mét tap
hop tién dé, chang han ZFC (Zermelo-Fraenkel-Choice). Nhung tai sao cac
tién dé dac thu ay; dac biét tai sao Axiom of Choice (Tién dé Chon)? Godel chi
cho biét néu ZF nhat tri thoi ZFC nhat tri. Mgt s6 toan hoc gia khong wa
Axiom of Choice, nhung phan dong cho rang Tién dé Chon lam toan hoc
phong phi hon. D6i vGi ching ta, ty ban than cia nhitng phong cach nhuw vay
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chitng t6 todn hoc la mét kinh doanh ctia con ngudi, chir chdng phdi mét chan
tinh Plato pho bién ‘6 ngoai kia

Can cw& trén nhitng cdm tri nguyén thuy chdt ché ctia con nguwdi nhw doéi
twong, kich thudc, hinh dang, mau hinh va bién chuyén, loai ngwoi dung 1én
nhitng khai niém triru twong nhw so, diém, tuyén, lwong vo cung bé, vo han,
phuwong trinh, nhém, d6 cong, va nhiéu hon thé nita, trén do6 tinh bao la cta
toan hoc duge xay dung. Ciing cung nhitng cam tri nguyén thay ay phat sinh
nhitng khai niém cu thé vé vat 1y hoc thue nghiém nhw Iyc, khoi lwong, chuyén
dong, dién tich, phép quay, va nhitng khai niém toan/vat ly hoc nhu treong va
doi xing. (Chung ta khong phan biét gitta nhitng khai niém tritu twgng cua vat
1y hoc ly thuyét va toan hoc). Trong khoa hoc nhén thitc, trong tng dung cia
noé vao toan hoc, nham muc dich chithg minh theo phuwong thitc khoa hoc, cac
khéi niém trttu twgng cua toan hoc dwgc xay dung trén cac cam tri nguyén
thay, st dung nhitng gi ching ta dwgc biét nhw dn du khdi niém (conceptual
metaphor). Khi nao chiing ta tim cach mo6 ta chinh xac nhitng twvong ho quan hé
gitta nhitng khai niém cu thé co s@ ctia vat ly hoc thuc nghiém, tat nhién ching
ta phai nwong vao nhitng khai niém tritu tgng cuia toan hoc. Vi cé cai cu thé
va cai triru twgng cung dwoc xay dung trén cung cai nguyén thiy, diéu dé pha
bo tinh chat than bi cta sy thanh cong phi thuong cia toan hoc trong vat ly
hoc.

2.2 Co that Toan hgc la sy dung hgp phitc tap cia phat minh va phat
hién?

2.2.1 Nang lyc phi thwong ctia Toan hoc

Toéan hoc c6 hai loai dac tinh thwong chi duoc lién két véi mot vi than. D6 la
c6 mat khap moi noi ciing mét lic (vo sé bat tai) va van nang (vo s& bat nang).
Nha vat ly hoc ngwdi Anh James Jean (1877-1946) c6 lan viét: “Vi tru duong
nhw dugce thiét k€ bédi mot nha toan hoc thuan tiy.” Toan hoc dwong nhw qua
hitu hiéu trong sy mo6 ta va giai thich khong nhitng vii tru & quy mo 16n, ma
ngay ca mét s6 doanh nghiép t6i hon loan ctia con ngudi.

Trong khi cac nha vat 1y hoc n6 lwc ché dinh nhitng hoc thuyét vé vii tru, cac
nha phan tich thi trwong chitng khoan gai dau du doéan sy sup do vi lai cuaa thi
trrong, cac nha than kinh sinh vat hoc thir tim cach dung 1ap cac mé hinh chitc
nang nado, hay cac nha thong ké tinh bdo quan doi dang c6 gang t6i wu hoa su
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phan phdi tai nguyén, tat ca cac chuyén gia ay déu st dung toan hoc. Hon nita,
madc dau dung nhitng hinh thitc hoc trién khai trong cac nganh toan hoc khac
nhau, cac chuyén gia ay van tham khao cuing chung mon toan hoc toan cau noi
lién thong sudt. Nhitng gi da pha cho toan hoc mét quyén nang kho tin nhw
vay? Hay, nhu Einstein c6 lan ti hoi: “sao c6 thé toan hoc, mot san pham cua
tw twédng cua con ngwoi doc 1ap vai kinh nghiém, phu hgp tuyét voi cac doi
twgng caa thuc té vat 1y?”

Cam giac hét sttc hoang mang no6i trén da c6 tir thoi co Hy Lap. Dac biét la
Pythagoras va Plato, hai vi nay kinh hai nhan thay toan hoc ro rang c6 kha
nang udn nan va dan hwéng vii try, trong khi tuéng nhuw ton tai bén trén quyén
nang cta con ngwoi dé cai bién, dan hudng, hay anh huwdng vii tru.

Hang nghin nam nghién cttu toan hoc day an twgng tot va tw bién triét hoc
tham tham uyén bac goép phan twong doi rat it trong viéc lam sang t6 bi an cta
toan hoc. Roger Penrose, nha vat ly toan hoc noi tiéng ctia Oxford, nhan thay
huyén bi khéng chi don thuin mot ma bdi ba. Ong gidm dinh c6 ba “thé gidi”
khac nhau: thé gigi ctia cam tri c6 y thirc, thé gidi vat ly, va thé gigi Plato cac
hinh thitc toan hoc. Thé gidi dau la nha cta tat ca hinh anh cta nao - ching ta
nhan dién cac con cda chiing ta nhw thé nao, ching ta tan huwdng mot hoang
hon ngoan muc nhw thé nao, hay ching ta phan ng v&i nhitng hinh anh kinh
hoang cta chién tranh nhu thé nao. Pay ciing la thé gi¢i bao ham yéu thuong,
ganh ghét, va dinh kién, cling nhw cadm tri ctia ching ta vé am nhac, vé khi vi
thie pham, va vé sg hai. Thé gidi thit hai la thé gidi ching ta thuwong dé cap
nhv thuc té€ vat ly. Hoa that, nhitng vién aspirin, nhitng ddm may trang, va
nhitng may bay phan lwc déu & trong thé gidi dé, cling nhu cac thién ha, hanh
tinh, nguyén t, tim khi, va ndo nguoi. Thé gidi Plato cac hinh thitc toan hoc,
theo Penrose, c6 mot thue té hién thuce kha di so sanh véi thuce t€ hién thue caa
thé gigi vat 1y va thé gidi tri tué, la qué hwong cta toan hoc. Trong dod, chiing ta
tim thay céac so tw nhién 1, 2, 3, 4, ..., tdt ca cac hinh dang va dinh ly caa hinh
hoc Euclid, cac dinh luat vé chuyén dong ctia Newton, huyén hoc, hoc thuyét
tai bién, va nhitng mo hinh toan hoc céac dac tinh cta thi truong chitng khoan.
Va bay gio, theo Penrose, xuat hién ba huyén bi. Thit nhét, thé gidi caa thyc té
vat ly tuéng nhv tuan theo nhitng quy luat hién tru trong thé gidi cac hinh thirc
toan hoc. Pay la mot nan dé khién Einstein boi roi, Gidi Nobel Vat ly hoc
Eugene Wigner (1902-1995) lac 16ng: “Sw phu hgp ctia ngon ngit toan hoc vdi
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viéc ché dinh cac dinh luat vat 1y hoc la mot ky tich, mot mon qua tuyét voi ma
ching ta khong hiéu va chang xitng dang. Ching ta nén biét on n6 va hy vong
no sé van con c6 gia tri trong cong viéc nghién ctu vi lai va né sé mé rong, tot
hon hodc té hon, cho niém vui cta ching ta, cling mdc dau cé 1é cho sy khong
hiéu noi cta ching ta, cho cac nganh hoc tap rong 16n.”

Thit hai, ban than cta tdm cdm tri - chon & ctia nhitng cam tri cé y thitc cta
chiing ta - bang cach nao do tim cach xuat hién ti thé gidi vat ly. Lam thé nao
tam c6 thé phat sinh tir vdat chat theo ding nghia tirng chit? C6 bao gio chiing
ta c6 thé ché dinh mot hoc thuyét vé hoat dong cta y thitc c6 tinh cach mach
lac va thuyét phuc nhw, chang han, hoc thuyét hién tai cta ching ta vé dién tu?
Cudi cung, vong tron dwgc dong lai mot cach bi an. Cac tdm cam tri ay c6 kha
nang ky diéu tién nhap thé gidi todn hoc bang cach phat hién hay sang tao va
trinh bay rd mot kho tang cac hinh thitc va khai niém toan hoc trttu tugng.

Penrose khong dwa ra 10i giai thich nao cho bat ky mot trong ba huyén bi,
chi két luan mét cach van tat: “Chac chan thwe s khong cé ba thé gidi, ma chi
c6 mét, chan ban tinh tw nhién ctia né ching ta tham chi khong lwét mat qua.”

Xét k¥, ching ta thiy sy thanh cong cua todn hoc trong viéc gidi thich thé
gidi quanh ching ta hién c6 hai dién, mot dién dang kinh ngac hon dién kia.
Th¢ nhat, c6 mdt dién c6 thé goi la “tich cyc”. Khi cac nha vat 1y hoc lac
dwong di vao mé cung cua ty nhién, ho dung phwong thitc toan hoc dé roi sang
bwéc di cia ho - nhitng cong cu ho st dung va phat trién, nhitng mo hinh ho
duwng 1ap, va nhitng giai thich ho can dén, tat ca déu la toan hoc trong ban than
tw nhién. Ty than cta phwong thitc d6 qua that 1a mot phép mau. Newton quan
sat moOt qua tado roi, mat trang va thuy triéu trén bai bién, chang phai la nhitng
phuong trinh toan hoc. Thé ma 6ng ta bang cach nao dé c6 thé trich ra tw tat ca
nhitng hién twgng tw nhién dy nhitng dinh luat todn hoc cda tw nhién minh
bach, ngan gon, va chinh xac dén mitc kho tin. Twong tw nhw vay, James Clerk
Maxwell (1831-79) m@ rong cai khudn kho vat 1y hoc co dién dé bao ham tdt
cd nhitng hién twgng dién va tir dugce biét dén vao nhitng nim 1980. Ong thyc
hién diéu d6 thong qua chi bon phuong trinh toan hoc. Thuyét twong doi rong
cua Einstein tham chi dang kinh ngac hon: dé la mét vi du hoan hdo cia mot
thuyét toan hoc chinh xac phi thwong, tw hgp, vé cai gi do6 co ban nhw cau tric
khong gian va thoi gian.
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Dién thit hai c6 thé goi la dién “tiéu cyc” cna tinh hiéu dung huyeén bi caa
toan hoc. So sanh vdi dién nay, dién tich cyc héa ra mo nhat. Khai niém va
quan hé duwgc cac nha todn hoc tham tac chi trén phwong dién ly tinh thuan tay,
tuyét doi chang nghi dén &ng dung, bién thanh sau nhiéu thap nién (hay déi khi
nhiéu thé ky) nhitng gidi phap bat ngd cho nhitng van dé dat co sé trong thuc
té vat ly! Lam thé nao diéu dy kha di hién thyc? Chang han, 1ay trudng hgp nha
toan hoc khac thwong nguwdi Anh, Godfrey Harold Hardy (1877-1947), rat tu
hao veé sy that 1a cong viéc ctia 6ng bao gom khong co gi trir toan hoc thuan tdy
ma ong tuyén bo ditt khoat trong tap sach “A mathematician’s Apology” cua
ong: “Khong c6 mot kham pha nao cua toi da gay ra, hay c6 thé gay ra, tryc
tiép hay gian tiép, cho t6t hay xau, di biét t6i thiéu vdi tac dung tha vi caa thé
gigi.”” Hardy twéng rang toan hoc cta 6ng thuan tdy ly thuyét, chang phdi va
khong thé dem &ng dung, ma chi dé thuwéng thitc cai dep ctia né. Nhung ong
sai r6i! MGt trong cac cong trinh ctia 6ng tai sinh v6i danh hiéu dinh luat
Hardy- Weinberg, mét nguyén ly co ban dwgc cac nha di truyén hoc st dung
dé nghién citu tién trinh phat trién caa dan s6. Ngay ca thuyét tritu twgng vée
cac s6 (Number theory) ctia 6ng da dwgc nha toan hoc nguwoi Anh, Clifford
Cocks, stt dung dé sang tao mot budc dot pha trong mat ma (cryptography): suw
phat trién ctia ma (the development of code). Cac ma la rat can thiét cho truyén
thong quan su, hoan toan khéng ding véi phat biéu ctia Hardy: “chwa ai kham
pha dugc bat ¢t muc dich chién tranh nao do ly thuyét s6 phuc vu.” Nhu vay,
ngay cd Hardy, mot trong cac nha phé binh 16n tiéng chi trich toan hoc t@ng
dung, ciing bi kéo vao sy san sinh cac thuyét toan hoc hitu dung.

Nhung do chi la dinh caa tdng bang tr6i. Kepler va Newton phat hién quy
dao cua cac hanh tinh cta thai dwong hé c6 hinh elip; la nhitng duwong cong
duwoc nha toan hoc Hy Lap Menaechmus (350 BC) nghién cttu hai ngan nam vé
trdc. Céc loai hinh hoc méi do Bernhard Riemann (1826-66) tién dan bién
thanh cong cu Einstein st dung dé gidi thich cau tric vii tru. M6t “ngbn ngit”
toan hoc goi 1a thuyét Nhém (Group theory) do than dong tré Evariste Galois
(1811-32) khai trién, don gian la dé xac dinh tinh kha gidi cia cac phwong trinh
dai s0, nhung hién nay da bién thanh ngon ngit cac nha vat 1y hoc, ky s, cac
nha ngbn ngit hoc, va ngay ca cac nha nhan ching hoc st dung dé mo ta tat ca
cac do6i xitng cua thé gidi. Hon nita, khai niém nhitng mau hinh toan hoc doi
xitng, theo mot nghia nao do, bién toan bo qua trinh khoa hoc 16n ngwoc. Qua
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nhiéu thé ky, con dwong hiéu biét s van hanh cta vii tru khéi dau véi mot bo
stru tap cac su that thire nghiém hodc quan sat tir d6 bang phép thir va sai, cac
nha khoa hoc ¢6 gang ché dinh cac dinh luat tong quat cua tw nhién. Ké hoach
la bat dau quan sat dia phuwong r6i titng manh mot chap lai v6i nhau nhitng s
that quan sat dugc. Qua thé ky 20, dwoc biét cac thiét ké toan hoc dugc xac
dinh ro rang la ha tang co sé cua thé gidi bén trong nguyén tt, cho nén cac nha
vat 1y hoc hién dai khéi dau bang cach lam nguwgc lai. Ho dwa nhitng nguyén ly
do6i xtng toan hoc 1én dau, nhan manh rang cac dinh luat cta tw nhién va qua
that cac khoi xay dung co ban cta vat chat phai thudn theo mét s6 mau hinh,
va ho suy dién nhitng dinh luat tong quat ti* nhitng yéu cau ay. Lam thé nao ty
nhién hay biét tuan theo nhitng doi xitng toan hoc trtru twgng ay?

2.2.2 Toan hgc = Nghé thuat + Khoa hgc

Vi nhitng tién bo trong sy phat trién hinh hoc phi-Euclid va sy (tng dung n6
vao cac hién twgng vat ly bdi Einstein, chiing ta thay r6 hinh hoc Euclid chang
nhitng khong phai la mot tat yéu caa tw twdng, ma tham chi chang phai la hinh
hoc tién lgi nhat dé ap dung vao khong gian dwong hién. Vi thé, c6 mot sy bién
cai sau sac trong trang thai ching ta gan cho cac thuc thé toan hoc, va mot wéc
tinh khac vé y nghia cac hoat dong ctia nha toan hoc. Ching ta cé thé khai dau
tir bat ky tap hgp tién dé nao tuy thich, vdi diéu kién 1a ching nhat tri ty ban
than va dung nap lan nhau, va tim ra nhitng hau qua l6gic caa ching. Bang
cach lam nhu vay ching ta sang tao mot nganh toan hgc. Cac dinh nghia va
dinh dé cha yéu chang phdi duwgc mang lai bang kinh nghiém, cling chang phai
la tat yéu cuda tu twéng. Nha toan hoc hoan toan ty do, trong gidi han cuaa tri
twong twgng cua minh, dung 1ap nhitng thé giéi minh thich. Nhitng gi nha toan
hoc phai twdng twong la mot van dé cua tinh khi bat thwong cia minh. Bang
cach ay, nha toan hoc khong kham pha nhitng nguyén tac co ban caa vii try,
cling khong tr@ thanh quen biét nhitng y niém vé Thuwong Dé. Néu thong qua
thuc nghiém, 6ng ta tim ra nhitng tdp hop thwc thé tudn theo cung chung
phwong an 16gic nhw nhitng thyc thé toan hoc ctia 6ng, nhién hau ong da ap
dung toan hoc ctia 6ng vao thé gidi bén ngoai: 6ng da sang tao mot nganh
khoa hoc. Tai sao thé gigi bén ngoai phai tuan theo nhitng dinh luat 16gic, tai
sao, trong thuc té, khoa hoc kha thé, khoa hoc c6 thé dwgc, dé la hai cau hoi
khong dé gi gidi dap. Tuy nhién, c6 dau hiéu trong nhitng thuyét vat ly hoc
hién dai khién mot s6 khoa hoc gia nghi ngo liéu vii tru cudi cung sé bién
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thanh ly tinh hay khong, liéu cac hién twgng ty nhién phai tuan theo bat ky
hinh hoc dac biét nao khong.

Vi toan hoc la mot hoat dong hoan toan ty do nhw noéi trén, khong bi diéu
kién bai thé gidi bén ngoai, nén dugc goi la mot nghé thuat thay vi mét khoa
hoc. N6 doc lap vdi thé gigi bén ngoai. Mdc dau né c6 thé dung dé lam sang té
cac hién twgng tw nhién, né ding la “chu quan”, ding la mot san pham cua tri
twong twgng tw do sang tao. Va chang kho khan gi dé kham pha ra cac nha toan
hoc bi khich 1é béi cung mét dong co va kinh nghiém cung do vira long nhw
cac nghé si khac. Van hoc toan hoc day ray thuat ngit my hoc, va nha toan hoc
thwong noéi ho khong may quan tam dén két qua, ma chinh cai dep cta phwong
phap nwong vao dé tim thay két qua mdéi lam cho ho thay thad vi va cé y nghia.

Nhung ndi toan hoc la mot nghé thuat khong c6 nghia toan hoc la mot tro
tiéu khién. Nghé thuat chang phai la ci gi dé ton tai chi dé dap tng mot my
cam. Nghé thuat xitng dang véi cai tén cho thdy ma6t khia canh nao do cua thyc
té. D6 la diéu c6 thé cé duwoc béi vi y thitc cia ching ta va thé gidi bén ngoai
chang phai la hai thyc thé doc lap véi nhau. Khoa hoc tién bé dén miec kha di
cho biét thé gi6i bén ngoai la, it nhat 1a phan 16n, mdt sang tao ctia chuing ta.
Va ching ta hiéu biét phan 16n nhitng gi chiing ta da tao ra bang cach hiéu biét
nhitng quy ludt caa ching ta, nhitng quy luat y ctt vao do chung ta phai sang
tao. C6 vé nhu nha toan hoc, trong viéc sang tao nghé thuat ctia minh, dang
chung bay sw van hanh ctia tdm ching ta da tao ra vii tru vat chat khong-thoi
gian ching ta biét. Toan hoc cling nhv am nhac hay bat ky nghé thuat nao
khac, 1a mét trong nhitng phuong tién dan ching ta t6i mot tw ngd y thic hoan
chinh. Y nghia cua toan hoc ding la nam trong sy that né 1a mot nghé thuat.
Bang cach cho ching ta hay vé ban than ty nhién caa tdm ching ta, toan hoc
cho ching ta hay nhiéu diéu tuy thuéc tam ching ta. Ching ta la nhitng nguoi
theo ding phép cta vii tru. Tham chi c6 thé ching ta kinh nghiém khong gi
khac hon la nhitng gi ching ta sang tao, va sang tao toan hoc t6i vi dai cta
chiing ta la tw than thé gidi vat chat.

Tém lai, todn hoc c6 mdt y nghia sau sac trong vii tru chang phdi vi no
chung bay nhitng nguyén tac chiing ta phdi tuan theo, ma chinh vi n6 chung
bay nhitng nguyén tac chiing ta dp dat. Toan hoc chi cho ching ta nhitng tuw ky
quy luat va nhitng diéu kién can cua kinh nghiém. Chitc nang thyc cia nghé
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thuat 1a gia tang sy ty giac cda chung ta, lam cho ching ta hiéu ré hon vé
chuing ta, va vi thé, hiéu ro hon vii tru trong dé ching ta dang song. Va vi toan
hoc, theo cach riéng cta no, cling thyc hién chitc nang ctia nghé thuat, cho nén
chang nhitng quyén rii vé mat my hoc ma con c6 y nghia sau sac vé mat khoa
hoc. Ngoai tinh hitu ich cia n6 trong doi song thuc té, yéu cau dwgc yéu
chudng cuta toan hoc can ctt trén sy that: Toan hoc la mot nghé thuat, va mot
nghé thuat vi dai.

Toan hoc dugc phét trién nguyén la cho muc dich thuc té, nhw ké toan, do
lwong, va co hoc. Ngay cé nhitng kham pha 16n cuaa thé ky XVII nhu lwgng vo
cung bé va toan tich phan, trwdc hét la nhitng cong cu chinh dé giai cac bai
toan co hoc, thién van hoc, va vat 1y hoc. L& c6 nhién ngay tir dau toan hoc la
mot loai y niém hoa (idealization), nhung trong mot thoi gian dai da khong
duwoc xa ra khoi thuce té, hay, chinh xac hon, khéi nhan thitc ctia ching ta vé
thue té. Khi cac nha toan hoc di xa hon theo huwéng y niém héa, ho cang ngay
cang nhan thitc dugc rang mot khai niém toan hoc cé quyén tén tai mot khi
dwgc dinh nghia mét cach nhat tri vé mat 16gic, chang can c6 mot két noi véi
thé gidi vat ly, va ho c6 quyén nghién cttu né ngay ca khi tuéng nhuw chang cé
tng dung thyc tién nao trong tam tay. N6i van tat, diéu dé dan dan dén “Toan
hoc thuan tuy” (Pure Mathematics) hay “Toan hoc vi lgi ich riéng cta né”
(Mathematics for Its Own Sake).

Nhung néu bo qua chitc nang kiém soat cua tinh thich @ng, tinh thich dung
thye tién, thoi lam thé nao dé phan doan gia tri? C6 chang nhitng tiéu chuan
noi bé co thé dan dén maot hé thong phan cap khach quan hoac nhiéu hodc it?
Hay lwu y cung mot cau héi co ban nhw vay dugc dat ra cho hdi hoa, am nhac,
hay nghé thuat n6i chung: n6 tré thanh mot cau hoi my hoc. Qua vay, mot cau
tra 10i thong thwong la toan hoc trong mot pham vi rong 16n la mot nghé thuat,
mot nghé thuat ma sy phat trién dwge phai sinh tir, duge chi dan bai, va dugc
phan doan can cit trén nhitng tiéu chuan my hoc. Boi v6i ngudi thwong, ho
ngac nhién c6 thé no6i dén nhitng tiéu chuan my hoc trong mot mon hoc hung
togn nhu toan hoc. Nhwng doi véi cac nha toan hoc, cdm giac nay rat manh mac
dau rat kho gidi thich: nhitng gi 1a quy tac ctia my hoc nay? Co that trong do
ham trit cai vé dep ciia mét dinh ly, cia mot hoc thuyét? Chang c6 mot cau tra
161 nao théa man tat ca cac nha toan hoc.
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Cha treong toan hoc twong dong véi nghé thuat dwoc rat nhiéu nha toan hoc
dong y. Chang han, G. H. Hardy da c6 y kién rang, néu toan hoc cé bat ky
quyeén ton tai nao, thoi né chi ton tai nhw mot nghé thuat.® Hoat dong ctia nha
toan hoc c6 nhiéu diém chung véi hoat dong cia mot nghé si. Mot hoa si két
hop mau sac va hinh thitc, mot nhac si két hgp cac am diéu, mot thi si cac ngon
tw, va nha toan hoc cac y niém ctia mot loai nao do.

Cam giac nghé thudt néi trén tré nén manh liét hon khi nghi dén md6t nha
nghién citu lam viéc va tién trién nhu thé nao. Ché c6 nghi rang nha toan hoc
hoat dong hoan toan theo phwong thitc 16gic va hé thong. Toan gia thwong mo
mam trong béng t6i, khong biét c6 nén no6 lwc chitng minh hodc bac bé mot
ménh dé nao do, va nhitng y niém thiét yéu thwong xdy ra véi chinh minh mat
cach hét sirc bat ngo, cé thé n6i dé la mot cam hitng, nhw véi cac nha soan
nhac va cac nghe si.

Tuy nhién, cdc nha todn hoc khac phdn bac quan diém néi trén va cha
trrong mot sy lién quan véi toan hoc ma chang dwge hwéng dan béi cac nhu
cau cua cac khoa hoc ty nhién la nguy hiém. Va gan nhu chac chdn dan dén
cac hoc thuyét c6 thé kha tinh té va c6 thé cung cdp cho tdam mot niém vui dac
biét. Nhwng né biéu twong mot loai guwong tri tué hoan toan khong co gia tri tw
quan diém khoa hoc hodc tri thitc.

Hién c6 mot khai niém toan hoc c6 thé tom tat nhw sau. Mot mat, né la mot
khoa hoc tai vi muc tiéu chinh cia n6 la phuc vu cac khoa hoc ty nhién va ky
thuat. Muc tiéu ay thyc sy la nguén goc cta toan hoc va lién tuc la mét nguén
sudi cta cac van dé. Mat khac, n6 la mot nghé thuat tai vi né cha yéu la mot
sang tao cua tam va tién bo dat dugc la bang cac phwong tién tri tué. Nhiéu
phwong tién ay xudt phat tir chiéu sau cua tam, vdi cac tiéu chuan my hoc la
nhitng trong tai cudi cung. Nhung ty do tri tué ay phdi dwgc chi phoi béi kha
thé cua cac tng dung trong cac khoa hoc ty nhién dé van hanh trong mét thé
gigi cua tuw twdng thuan tdy.

Tuy nhién, 16i nhin nhw thé thye qua hep hoi, nhat la diéu khoan cudi cing
qua han ché. Nhiéu nha toan hoc tuyén bo ditt khoat muén hoan toan tw do
hanh déng, khong quan tam dén nhitng hanh vi ké khac. Lai c¢6 nhitng lanh vuc
toan hoc thuan tdy cé rat it hay chang cé ng dung bén ngoai toan hoc, nhung
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khong thé khong xem nhw nhitng thanh twu vi dai. Chang han, thuyét cac s6
dai s0, thuyét truong cac 16p, ham ty dang cau, so siéu han, V.. V...

Toéan hoc trinh bay c6 mach lac va nhat quan hon trong nghé thuat. Bang
chiing 1a cuing mot dinh ly, thwong dugc chitng minh bdi nhiéu nha toan hoc
doc 1ap vé6i nhau, song trong nhitng vung cach xa nhau nhiéu dam, hay mot s6
lwgng 16n cac tiéu luan c6 hai tac gia, hay doi lic nhiéu hon. Cling c6 thé xay
ra treong hop cac bo phan cia toan hoc duwgc khai trién hoan toan doc lap véi
nhau bong nhién dién thi nhitng lién hé trong tang sdu do anh hwdng bdi nhitng
kién gidi méi. Toan hoc, phan 16n, la m6t cam két tap thé. Pon gian hoa va
thong nhat héa duy tri sy can bang vGi sy phat trién va mé rong khong ngirng
nghi. Ching hién thi bat doan mot sy thong nhat phi thuwong mac dau toan hoc
qua rong dé bi mot ca nhan khong ché.

That kho giai thich day da tat ca nhitng diéu néu trén vGi chi nhitng tiéu
chuan nhw wu nha va dep tri tué, va dong thoi xét k§ cac nhu yéu cta cac khoa
hoc ty nhién va ky thuat. Tat nhién phai tim nhitng tiéu chuan hay phuong
cham khac. Pé don duong dén do, hay dat nhitng cau hoi nhw toan hoc c6 mot
su ton tai riéng cho tw than hay khong? Chiing ta sang tao toan hoc hay kham
pha 1an hoi nhitng hoc thuyét ton tai dau dé doc 1ap véi ching ta? Néu qua nhw
vay thoi thyce té toan hoc ¢ dau?

Nhitng cau héi nhw vay tat nhién khong thuc sy hoan toan rd rang c6 y
nghia. Nhung cai cam giac toan hoc, bang cach nao do, ¢ dau do, ton tai san
trwdc, pho bién rong rai. Chang han, né dugc G. H. Hardy biéu hién sac bén:
“T6i tin rang thyc té todn hoc ndm bén ngoai ching ta, rang cong nang cua
ching ta la phat hién hay quan sat né, va rang nhitng dinh ly chiing ta ching
minh va huénh hoang mo6 td nhv nhitng “sang tao” cia ching ta, don gian la
bt ky ghi lai nhitng quan sat cua chiing ta. Quan diém nay, dwdi hinh thitc nay
hay hinh thitc khac, la quan diém cta nhiéu triét gia noi danh, tr Plato tré di

Do6i v6i mot tin do nhw Hermite, thue té toan hoc ton tai san trong Thugng

Dbé. Nhung maot dan chiéu dén ngudn goc than linh khé man y mot phi tin do.
Tuy nhién, nhiéu ngudi c6 mot cdm giac mo ho toan hoc ton tai mot noi nao
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d6, mac dau moi lic nghi dén todn hoc, ho khong thé tranh khoi két ludn toan
hoc chi la mot sang tao cua con nguoi.

Ching ta c6 thé dap ng ngan gon va don gian khon canh hai chon lya véi
thuyét cho rang ching ta c6 khuynh hwéng thiét dinh sy ton tai trén tat ca
nhitng sy vat thuéc mot van minh hay van héa trong do ching ta chia sé ching
véi nhitng nguwoi khac hay cé thé trao doi y kién vé ching. Cai gi do trd thanh
khach quan (objective; trai ngugc v6i chu quan = subjective) ngay khi chung ta
tin chdc né ton tai trong tam tri cia ngwoi khac trong cung mot hinh thitc nhw
trong ching ta va chiing ta cé thé suy nghi vé né va thao luan véi nhau vé né.
Bdi vi ngon ngit toan hoc rat chinh xac cho nén né rat thich hgp su viéc dinh
nghia cac khai niém dugc sy dong thuan nhw vay. Diéu do ciing du dé gay noi
ching ta mot cdm gidc vé mot ton tai khach quan, vé mdt thuce té€ todn hoc.
Khéi niém cua ching ta vé thuc té vat ly cling c6 nhitng tw twdng giong vay.

Cac nha toan hoc chia sé v6i nhau mat thue té tri tué, mét s6 khong 16 cac y
niém, nhitng doi twong ma thudc tinh dwgc biét r6 mot phan va mot phan
khong 16, cac hoc thuyét, dinh ly, cac van dé dugc gidi quyét va chra dugc gidi
quyét, tat cd dwgc khdo cttu bang nhitng cong cu cta tam. Cac van dé va y
niém dé phan nao do thé gidi vat ly dé xuat. Tuy nhién, nguon goc phat sinh
ching 1a do céac suy cttu toan hoc thuan tiy, nhw nhém hay quaternions. Toan
thé nay, tuy bat nguén tr tam tri con ngwoi, hién hién nhv mot khoa hoc tw
nhién theo nghia thong thuwdong, nhw vat 1y hoc hay sinh hoc, va cling cu thé
nhuw nhitng mon hoc dé. Toan hoc khong chi c6 dién ly thuyét, ma con c6 dién
thuc nghiém nita.

Dién thit nhat qua ro rang. Chuing ta hét sitc thue hién nhitng dinh ly, nguyén
tac, chitng minh va phwong phéap. D6 la dién ly thuyét. Nhung lic khai dau,
ching ta thuwong chang c6 y niém ky vong nhitng gi, va lam thé nao dé tiép tuc,
va ching ta dat dugc tri thitc va tric quan thong qua thuc nghiém, nghia Ia,
thong qua sw nghién citu cac truong hop dac thu. Pau tién, ching ta hy vong
bang cach dy dan dén mat suy doan hgp ly, va thit dén, c6 1é phat hién mot y
niém dwa t¢i mot chitng minh nhat ban. Buong nhién cling c6 thé xay ra ngay
chinh ban than ctia mot s6 treong hop dac thu gay nhiéu hirng tha. D6 la dién
thue nghiém. Sy that ching ta thao tac véi nhitng do6i twgng tri tué nhiéu hon
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v6i nhitng doi twgng thue va thiét bi phong thi nghiém thyc sy khong quan
trong.

Theo truyén thong, cac thi nghiém d6 dwogc thye hién trong ndo hay véi gidy
but, vi thé m@i n6i dén cong cu cia tdm. Ching ta cling phai n6i dén may vi
tinh dong mot vai tro ngay cang gia tang trong viéc mang tGi cho dién thyc
nghiém cua toan hoc mot chiéu kich méi. Hién gio, ching ta da thay nhitng
twong tac hdp dan giita khoa hoc may tinh va toan hoc thuan tuiy.

Twr “khoa hoc” bay gio bao gom khong chi cac khoa hoc tiy nhién ma ca khai
niém ban than ty nhién caa toan hoc xem nhv mot khoa hoc thyc nghiém va ly
thuyét. Nghia 13, nhw mot khoa hoc cua tri tué, véi doi twgng va phuong thic
swu tac, tat ca déu la sang tao cua tam.

No6i dén dong co va my hoc, néu khong st dung cac ttng dung ctia khoa hoc
tw nhién lam thuéc do, chung ta khong quay lai v6i wu nha cua tri lwc. Con c6
nhitng tiéu chuan thiét thwc khac: d6 la tinh thich @ng, thich dung
(applicability) trong ty than toan hoc. Sy xét dén thuc té toan hoc dy, dén cac
van dé khai phéng, cau tric, dén cac nhu cau va két noi giita cac 1anh vie khac
nhau, da cho thdy cdc hwéng tién hanh kha di cé hiéu qua, cé gia tri va cho
phép nha todn hoc tw dinh hwéng va dan két cac gia tri twong doi vdi cac van
dé cling nhw vdi cac ly thuyét. Nhiéu vi du cho thdy cac nha toan hoc thwong
c6 kha nang biét trwedc mot s6 lanh vire toan hoc sé phat trién nhw thé nao,
nhitng van dé nao can dwgc gidi quyét va cé thé dugc giai quyét nhanh chong.
Nhitng phat biéu vé twong lai ctia toan hoc da dwgc chitng minh la duing.
Nhitng dv doan nhuv vay khong hoan hdo, nhung chung da thanh cong chi ra sy
khac biét vai nghé thuat.

Giao su Armand Borel, gido su thuong tryc ¢ Institute for Advanced Study
tai Princeton, da dwa ra y kién khai niém toan hoc nén dugc xem nhw mot khoa
hoc tw nhién vé tri tué, nhw mét trong ba thanh phan cua toan hoc (hai thanh
phan kia la dién ly thuyét va dién thyc nghiém), chang phai nhu toan bg. Cac
khoa hoc ty nhién va ky thudt c6 vo s6 ¢ng dung, phan 16n anh hwdng rat nhiéu
dén cudc song hang ngay, do dé, thi thiét quyén ton tai xa hdi cho toan hoc.
Nhung v6i nha toan hoc thuan tdy, diéu quan trong la phé phan ban than ty
nhién cda toan hoc (an assessment of mathematics in itself). Sw dong gop cta
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cac nha toan hoc khac nhau dung hgp thanh mét két cu tri thitc khong 16 biéu
twgng mot chitng tir gy an twgng sau sac vé quyén ndng cua tw lwgng con
nguoi. Toan gia Jacobi c6 lan da viét: “muc tiéu duy nhat cta khoa hoc la ton
vinh tam tri con nguwdi”". Qua vay, su sang tao noi trén cua cac nha toan hoc da
lam tw twéng con ngwoi vinh hanh phi thuwong.

2.2.3 Mot chuyén tinh toan hoc.

Vi nhitng ai hoc toan dén trinh do cao, két ndi toan hoc vdi dep la chuyén
thong thwong, vé dep toan hoc phat sinh tir sy két hgp cua sw ky la va sw khong
thé tranh khéi. Nhitng trttu twong dwgc dinh nghia mot cach don gian tiét 16
nhitng quai phich (quirks) va nhitng phitc tap tinh (complexities). Nhitng cau
tric duwong nhw khong lién quan nhau bién thanh nhitng twong @ng huyén bi.
Cac mau hinh ky quai xudt hién, va van giit tinh cach ky quai mac dau dugc
bao dung béi tinh chinh xac ctia l6gic.

Nhitng an twgng my hoc ay day nang lyc phi thuwong khién nha toan hoc vi
dai G. H. Hardy tuyén bo vé dep, chit chang phai hitu dung, la 1y do chan chinh
cua toan hoc. Vi Hardy, toan hoc, dau tién va t6i trong yéu, la mot nghé thuat
sang tao. Cac mau hinh ctia toan gia, giong nhw ctia hoa si, hay cta thi si, phai
dep. “Vé dep la khdo nghiém dau tién: khong cé vi tri vinh cttu trong thé gidi

cho toan hoc xau xi.”"

Va nhitng gi la phan &ng thich hgp khi doi dién véi vé dep toan hoc? Khoai
lac, chac chan; kinh 1y, c6 1. Thomas Jefferson viét vao nam 76 tudi rang lang
ngam nhitng tinh chan cda toan hoc da giup ong ltra d6i sy mét méi cia cudc
song dang suy giam. Bertrand Russell cho rang vé dep cda toan hoc “lanh va
khac kho, giong nhuw vé dep ctia diéu khac ...thuan khiét trac tuyét. Doi véi
nhiéu ké khac, vé dep todn hoc c6 thé ggi 1én cam giac am ap ro rét. Nhitng
nguwoi nay cé thé bat chuwdc lam theo nhitng gi n6i dén trong do6i thoai
Symposium cua Plato. Trong doi thoai do, Socrates néi v6i cac khach moi tu
tap tai bita tiéc, mot nit tu, tén Diotima, dan 6ng di vao nhitng bi an cua Eros,
tén goi Hy Lap sw ham muon trong tat ca cac hinh thitc cta né.

Mot hinh thitc cia Eros la sy ham mu6n tinh duc nay sinh bdi vé dep thé
chadt ciia mot nguwoi yéu thich dac biét. Theo Diotima, d6 la hinh thitc thap
nhat. Vi tinh chinh triét hoc, tuy nhién, Eros c6 thé nang lén tdi cac doi twgng
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cao ca. Ap chét ctia nhitng didu ndy -ngoai trir y niém Plato vé vé dep ty than -
la vé dep hoan hédo va vugt thoi gian duwgc phat hién béi cac khoa hoc toan hoc.
vé dep nhu vay goi Ién trong nhitng nguwdi c6 thé nam bat né mot ham muén
tai sdn xuat, chang phai vé madt sinh hoc, nhung tri tué, bang cach tao ra nhitng
y niém va ly thuyét dep dé ruc rd. Vi Diotima, va c6 1€ véi ca Plato, dap tng
phu hgp véi vé dep toan hoc la hinh thitc cua Eros chung ta goi tén la tinh yéu
(love).

Edward Frenkel, mét than dong toan hoc nguwdi Nga, trd thanh gido s tai
Harvard nam 21 tu6i, hién nay day tai Berkeley va theo chu nghia Plato. Eros
tran khap cu6n hoi ky méi rat hap dan cta 6ng, Tinh Yéu va Todn hoc (Love &
Math). Lic con nhd, 6ng mé vé dep ctia toan hoc nhw mot coup de foudre. O
tudi thiéu nién, khi thyc hién mot kham phé toan hoc mdi, thai giong nhw nu
hon dau. Ngay ca khi nhitng hi vong caa 6ng vé nghé nghiép bi chinh sach X6
viét chong Do Thai lam kho héo, 6ng dugc sw nang d& ctia nifm dam mé va
niém vui lam toan hoc. Va 6ng mudn moi ngwoi cung chia sé véi 6ng niém
dam mé va niém vui do.

Trong cau chuyén nay, c6 mot thach thic. Toan hoc la triu twgng va kho
khan, vé dep cia né duwong nhw khong thé tiép can dugc vdi hau hét ching ta.
Thi hao ngwoi Bic H. M.Enzensberger nhan xét toan hoc la mot diém mu
trong van héa cta ching ta - 1anh tho ngoai quoc, chi cé gidi tinh anh, mét s6 it
tri thitc toan hoc ti nhét minh trong dé. Nhitng ngwoi thdng hiéu nhitng moén
hoc khac ty hao thu nhan tinh dung tuc cia minh khi néi dén toan hoc. Theo
Frenkel, nhitng kiét tac toan hoc chwa bao gio duwgc gidgi thiéu vdi nhitng nguoi
nay. Toan hoc day & Trung hoc, va ngay ca ¢ Pai hoc la hang trdm hay hang
ngan nam xwa. Phan 16n 1a gidi quyét cac bai toan thwdng quy bang tinh toan té
nhat.

Khoang gitta thé ky 19 mot cudc cach mang da xay ra trong toan hoc: Trong
diém chuyén ttr tinh todn gidi han trong khoa hoc t6i sy tw do sang tao cac cau
tric mai, ngdn ngtt mdi. Cac chitng minh toan hoc, véi tat ca 1ogic nghiém can
cta chung, coi giong nhu nhitng tuw sy, tinh tiét va tiéu tinh tiét, khic chiét va
quyét nghi. D6 la thit todn hoc phan déng chwa bao gid thay.
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Dé cdp cho nguoi doc mot cai nhin thoang qua vé dep ctia toan hoc cao hon,
Frenkel di thang vao cong trinh phat trién toan hoc day hitng khdi trong nita
thé ky sau: Chuwong trinh Langlands (Langlands Program). Chwong trinh nay
dugc Robert Langlands, mot toan gia nguwoi Canada, & Institute for Advanced
Study tai Princeton (ké thira Van phong cii cua Einstein), thiét 1ap vao nhitng
nam 1960 nham tré thanh mét hoc thuyét thong nhat rong 16n ctia toan hoc.
Hau hét cac nha toan hoc chuyén nghiép khong hé hay biét vé Chuwong trinh
Langlands cho dén nhitng nam 1990, khi chwrong trinh nay hién ra trong tiéu de
gidi quyét Dinh ly Cudi cung cua Fermat (Fermat’s Last Theorem).

Keé ttr d6, pham vi ctia Chwong trinh da mé rong ra ngoai toan hoc thuan tiy
tGi bién gidi cua vat ly hoc 1y thuyét. Frenkel cé 1€ la ngwdi dau tién c6 gang
giai thich Chuong trinh Langlands - theo 6ng, “ma nguén cta tit cd cAc mon
toan” - cho nhitng doc gia khong c6 co sd toan hoc. Vi thé, sach cua ong la ba
si that: mot 14 thw tinh theo khuén Plato giti cho toan hoc; mot no6 lwc giai
thich cho ngoai hanh mot s6 y niém vé mot vé kich-dang-tién hanh toi rong
16n; va mot giai thich ty truyén, khi thoi co6 vii khi thoi khoi hai, ngay chinh
ong da lam thé nao dé trd thanh mot dién vién lanh dao trong vé kich do.

Frenkel 16n 1én thoi Brezhnev tai Kolomna, mot thi tran cong nghiép, cach
Moscow do bady muoi dim. Ong ké réng: “T6i ghét toan hoc khi & Trung hoc.
biéu thyc sy lam t6i hitng tha 1a vat 1y hoc - dac biét la vat ly hoc lwgng ti
(quantum physics).” O tudi thiéu nién, 6ng ham muén doc nhitng cudn sach vat
ly hoc binh dan bao ham nhitng chu dan kich thich thd vi vé nhitng hat & bén
trong nguyén ti nhw “hadrons” va “quarks”. Ong ngac nhién tai sao cac hat co
ban cta ty nhién xuat hién trong nhitng pham chung mé hodc, tai sao chiing roi
vao cac gia dinh c6 kich thwdc nhat dinh. Frenkel dwgc soi sang chi khi hai
than ctia 0ng, ca hai k¥ sw cong nghiép, sap xép cho 6ng gap mot ngudi ban cii,
toan gia Evgeny Evgenievich Petrov. Nha toan hoc nay gidi thich cho 6ng
nhitng gi dem lai trat ty va logic cho nhitng khoi xay dung cda vat chat la cai
gi do, dugc goi 1a mot “nhom doi xing” (symmetry group) - mot con thu toan
hoc Frenkel chwa bao gid gdp & Trung hoc. Ngay khi ay, 6ng c6 mot tam nhin
méi vé mot thé gidi hoan toan khac. Ong ké lai chuyén sdp xép dy va hau qua
cua cudc gap mat nhu sau.
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Me Ong thwong thich néi vé 6ng bat ct gap ai quen biét. Mot ngay kia, me
ong gdp nha toan hoc ay ngoai dwong sau mat thoi gian dai va 6ng la dé tai cau
chuyén. Nghe noi 6ng ham thich khoa hoc, Evgeny Evgenievich bao ngay:
“Toi phai gdp anh ta va c6 gang chuyén hoan anh ta qua toan hoc.” Me tdi lién
n6i “O, khong dugc dau. N6 khong thich toan. N6 cho toan 1a nham chén. N6
muon lam vat 1y hoc lwgng tr.” Evgeny Evgenievich dap lai: “Ping lo. Toi
nghi rang t6i c6 cach cai bién chu y cua anh ta.” M6t cudc gap duwgc sap xép.
Luc ay, ong sap lén 15 tudi va vira hoc xong 16p Chin, nam ap chét & Trung
hoc. Ong mét ndm tré hon ban ciing 16p vi hoc nhay qua 16p Sau.

Evgeny Evgenievich qua c6 mot ké hoach thong minh lam thé nao dé
chuyén hoadn 6ng qua todn hoc. Ngay khi 6ng dén van phong, Evgeny
Evgenievich hoi 6ng: “T6i nghe noi anh thich vat 1y hoc lwgng tt. Anh cé nghe
néi dén phuong thitc tdm mat ctia Gell-Mann va mé hinh quark hay chwa?”
“Vang, toi c6 doc diéu ay trong nhiéu sach binh dan.” “Nhung anh c6 biét
nhitng gi la co s@ cia mo hinh ay hay khong? Lam thé nao Gell-Mann dua ra
nhitng y niém nhw vay?” Trong khi 6ng chang biét tra 10i ra sao, nha toan hoc
héi thém: “Anh c6 nghe néi dén nhém SU(3) hay khong?” “SU gi?” “Lam thé
nao anh c6 thé hiéu biét mo hinh quark néu anh khong hiéu SU(3) la cai gi?”

Tw ta sach, Evgeny Evgenievich véi tay ldy ra mot vai cudn, gid ra, chi cho
ong cac trang day cong thitc todn hoc. Mdc dau 6ng chang biét lam gi véi
nhitng cong thitc dy, nhung 6ng cé cdm giac tinh khén hiéu ngay chung bao
ham cac giai dap ong tim kiém bay lau. Pung la tht cam gidc cia mét tin do
Kit6 gido vao 1é hoi nhd ngay biéu hién Jesus Christ nhw Con cia Thugng Dé
(Epiphany). Ong bi mé hodc béi nhitng gi 6ng dang nhin va nghe. Ong xiic
dong bai cai gi d6 ong chuwa bao gio kinh nghiém trwdc day, cai gi doé bat kha
ngon thuyét, nhung 6ng c6 cam giac la n6 day nang luc, n6 gdy sw hitng thu
giong nhu khi nghe mo6t ban nhac hodc nhin mét birc tranh tao an twgng kho
quén. Tat ca nhitng gi ong c6 thé nghi la 6 1én “Wow!”

“Co 1é anh twong toan hoc la nhitng gi ho day anh & Trung hoc”, Evgeny
Evgenievich néi, r6i lac dau “Khong, day nay” va chi tay vao cac cong thitc
trong sach, “day mdi la toan hoc. Néu anh mudn hiéu thuc sy vat 1y hoc lwgng
t®, thoi day la chd anh can phdi bat dau. Gell-Mann tién doan quarks theo
phuong thitc mot thuyét toan hoc dep. Trong thyc t€, d6 1a mot kham pha toan
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hoc.” N6 trong c6 vé dang so. Ong lo ling héi: “Nhung bét dau nhv thé nao dé
hiéu biét nhitng thit nay?”

“Pirng lo. Diéu dau tién anh phdi hoc 1a khai niém vé mot nhém doéi xing.
Do 1a yéu chi (the main point). M6t phan 16n toan hoc cling nhu cia vat 1y hoc
ly thuyét dat co sé trén do. Pay la vai cudn sach t6i mudn anh doc. Hay bat
dau doc ngay va danh dau cac cau anh khong hiéu. Ching ta sé gdp nhau tai
day moi tuan va ban dén chuyén nay.”

Evgeny Evgenievich dwa cho 6ng mot cuén vé cac nhom doi xirng va mot
vai cu6n khac vé nhitng chu dé khac nhau: vé cac so p-adic (mot hé thdng so
hoan toan khac véi cac s6 quen thudc) va vé topd (topology; mon khéo cttu
nhitng thudc tinh co ban nhat cta cdc hinh dang hinh hoc). Evgeny
Evgenievich qua c6 mot vi dao (taste) khong ché dugc, la tim ra cach phdi hop
hoan hdo cac cha dé kha di gitip 6ng thdy dugc con thd Toan hoc. Cac sach
ong can phai doc theo 10i dan ctia Evgeny Evgenievich bao ham nhitng cai
nhin thoang qua mot thé gidi hoan toan khac biét, mot thé gigi ma ngay su ton
tai 6ng ching c6 thé twéng twong. Ong 1ap tic bi chuyén hoan.

Céc nhom la nhitng phwong thitc do lwong tinh déi xitng ctia mot doi twgng:
mot ban tron, v6i nhom déi xitng vo han cta nd, la doi xitng nhiéu hon mot
ban vuong, c6 nhém do6i xitng chi chita bon hanh dong. Nhung (may thay)
nhom c6 nhiéu tinh nang y vi hon cac diém do. Chiing c6 thé nam bat cac doi
xitng vuot ra khoi hinh hoc don thuan - cac d6i xing an trong mot phuwong
trinh, hay trong mot gia dinh cac hat bén trong nguyén tit. Quyén nang thuc
ctia thuyét nhém duge chitng minh 1an dau tién béi Evariste Galois nam 1832.
Dbiéu Galois thay la mot phwong thic thue sy dep mé rong khai niém doi xirng
trong lanh vuc s6. Thuyét cac nhém ctia Galois da gitp ong gidi dwgc mot bai
toan co dién trong dai s6 da lam cac nha toan hoc nhitc dau trong nhiéu thé ky.
N6i theo ngoén tir ctia Frenkel: “Galois khong giai bai toan. Ong ay bira bai
toan ra (He hacked the problem).” Tam quan trong ctia sy kham pha cua Galois
vugt qua bai toan da truyén cam hing phat hién né. Hién nay, cac “nhém
Galois” pho cap trong van chuwong, va y niém vé nhém da chirng té 1a thong
dung nhat trong tat ca toan hoc, lam ro nhiéu huyén bi sdu xa. Nha toan hoc
16n André Weil khuyén nhua: “Khi cé nghi van, hdy tim dén nhoém!” Nghia 13,
hay tim dén phu nhdn cua toan hoc (the cherchez lafemme of mathematics).
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Frenkel tudi tré say mé toan hoc, no lyc hoc tdn mitc todn hoc ma kha nang
hiéu biét ctia 6ng cho phép. “Pé la nhitng gi xady ra khi nguwdi ta yéu.” Nam
ong lén 16 tudi la ldc 6ng phai ndp don vao Pai hoc. Sy lya chon ly twéng co
nhién la Moscow State University, viét tat theo tiéng Nga la MGU, Moskouskiy
Gosudarstvenny Universitet, phan khoa co hoc va toan hoc, c6 biét danh Mekh-
Mat, 1a mét trong nhitng trung tam I6n cua thé gigi vé toan hoc thuan tady.
Nhung vao nam 1984, mot nam tredc khi Gorbachev nam chinh quyén, sinh
vien Do Thai khong dwgc nhan vao cac lanh vyc hoc thuat lién quan t6i vat ly
hoc, vién c6 ho sé& thu nhan k§ thuat hach nhan va sau dé di cw vé Israel. Ong
nhé o trong budi phéong van dé xét xem c6 thé nhan 6ng vao Pai hoc hay
khong, ngay sau khi 6ng khai v6i mot ba nhan vién Pai hoc 6ng va me ong c6
quéc tich Nga, va cha 6ng 1a Do Théi, ba ay lién bao ngay: “Ong c6 biét dan
Do Thai khong duwgc nhan vao Pai hoc Moscow?”

Tuy nhién, hau gitt bé ngoai c6 vé cong bang, Pai hoc van cho phép 6ng
tham gia khao thi nhdp hoc. Gidi khuyén khich cua Frenkel 1a dwgc nhan vao
Moscow Institute of Oil and Gas (biét danh thiéu kinh trong Kerosinka), noi cé
mot chuwong trinh todn hoc &ng dung chuan bi nhan vién ky thuat cho céc
nganh cong nghé khac nhau. Nhung véi chitng say mé toan hoc thuan tiy, ong
khong ngan ngai leo qua mot hang rao cao 20 feet cia Mekh-Mat dwgc canh
phong can mat dé nhdy vao cac cudc hoi thao. Khong lau, kha nang phi thuwong
cta 6ng dugce Fuchs, mot nha toan hoc noi tiéng & Moscow, nhan biét, 6ng
duwgc giao phé tim 10i gidi cho m6t bai toan chwa duwgce gidi. Bai toan chiém tat
ca thoi gio tim 101 giai ctia 6ng, kéo dai nhiéu tuan 1€, khién 6ng mat ngi. Va
sau d6, dot nhién, 6ng c6 né. Ong nhé lai:* “PAay 1a lan dau tién trong doi toi,
t0i s& hitu cai gi do6 khong ai khdc trén thé gidi s& hiru.”

Mac dau thanh cong phat hién 10i gidi trén va nhiéu 10i gidi cac bai toan kho
khac, Frenkel & tudi tredng thanh, phan nao c6 mau Do Thai, nhan thay nhitng
trién vong thanh gido sw Toan hoc Pai hoc qua &m dam. Nhung tai nang caa
ong da gay su chud y cta cac nha todn hoc ¢ nwdc ngoai. Nam 1989, ong bat
ngo nhan duwgc mot 1a thv cta Derek Bok, Vién truéng DPai hoc Harvard, goi
ong vai chitc danh “Doctor” mdc dau ngay cd hoc vi c¥ nhan 6ng ciing khéng
c6, moi dng lam gido su thinh giang. O tudi 21, ong sé 1a gido sw thinh gidng
toan hoc tai Harvard, khong c6 nghia vu chinh thitc ngoai trv trinh bay cong
trinh khdo cttu cua ong trong nhitng gidng khoa khong dinh truwdc. Thém nita,

https://thuviensach.vn



ong ciing kinh ngac nhan dugc visa xuat canh ctia Lién X6 chi trong vong mot
thang, trd thanh nha toan hoc dau tién mé man cho mét cude di tdn cua céac
toan gia nguwoi Do Thai.trong thoi kyperestroika.

Cudc diéu chinh cta Frenkel nhap vao cudc song ctia ngwoi My khong gap
kho khan. Quan trong nhat la 6ng gap Vladimir Drinfeld, mo6t di dan Nga Do
Thai tai Harvard, gidi thiéu 6ng vai Chuwong trinh Langlands.

Giong nhv véi thuyét Galois, Chwong trinh Langlands bat nguon tir trong
mot 1a thw. La thw dy 1a do Robert Langlands viét vao nam 1967, khi ay tudi
ong do ba mwoi, giti cho mot dong nghiép tai Institute for Advanced Study,
André Weil. Trong thw do, Langlands dé xuat kha thé ctia mot su twong dong
sau sac gitra hai thuyét cé vé nhw ¢ hai dau doi dién cta vii tru toan hoc: thuyét
cac nhém Galois lién quan t6i cac doi xing trong canh gidi cac so, va “giai
tich hoa &m” (harmonic analysis) lién quan t6i cach lam thé nao cac séng phitc
tap (vi du: am thanh ctia mot ban giao hwéng) dugc dyng 1ap trén cac song
don gian (vi du: cac cong cu ca biét). Mot s6 cdu tric trong thé gidi hoa am,
goi la dang tw dang cdu (automorphic forms), bang cach nao d6, “biét” dén
nhitng mau hinh huyén bi trong thé gigi cac s6. Do do, Langlands suy doan c6
thé st dung nhitng phwong phap ctia mot thé gigi dé phat giac cac hoa am an
trong thé gidi khac. Néu Weil khong thay cac trec quan trong 1a thw dang tin,
Langlands ndi thém, “T6i chac 6ng c6 mot gio rac ngay tam tay.”

Nhung Weil, m6t nhan vat uy quyén trong toan hoc thé ky 20 (mat nam
1998 tho 92 tudi), la mot khan gia tiép thu (receptive audience). Trong mét 14
thu nam 1940 gtti cho ¢6 em Simone Weil (1909 - 1943), mot nha triét hoc va
huyeén bi ton gido nguwdi Phap, Weil mo6 ta mot cach song dong tam quan trong
ctia sy twong tuw (analogy; loai suy) trong todn hoc. Am chi dén Bhavagad-Gita
(6ng cling la mot hoc gia tiéng Phan), André gidi thich cho Simone hay rang,
ding nhv than An d gido Vishnu c6 mudi hién than hay héa than (avatars)
khac nhau, mot phwong trinh toan hoc dwong nhw don gian cé thé tw biéu hién
trong cac cau tric tritu twgng ranh ranh khac nhau.

Chuong trinh Langlands la mét phwong an cac suy doan (a scheme of
conjectures) sé bién nhitng loai suy gia thiét nhw vay thanh nhitng chiéc cau
16gic kién c06, két n6i nhitng hon ddo toan hoc khac nhau qua bién khoi cia sy
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thiéu hiéu biét. Hay la, dwgc xem nhw mau da Rosetta” cho phép cac bd lac
toan hoc trén cac hon ddo khac nhau - so ly thuyét gia, t6p6 hoc gia, hinh hoc
dai s6 gia - n6i chuyén véi nhau va tu tap cac tai nguyén khai niém. Cho dén
nay, hau nhw phan 16n cac suy doan Langlands khong dwgc chitng that. Tham
chi c6 that ching ding? s6 dong toan gia qua quyét ching ding. Nhw lan
Stewart nhan xét, Chuwong trinh Langlands la “thit toan hoc phai dung tai vi no
that la dep.” Sy thong nhat né mang lai cho toan hoc cap cao c6 thé mé ra mot
thoi dai hoang kim, trong dé chiing ta c6 thé cudi cung phat hién, theo 16i cua
Frenkel, “nhitng gi toan hoc thuc sy 1a.”

Bai vi khong c6 bang cap Ph. D. (Doctor of Philosophy), Frenkel phai ném
mui “ha bé” tir gido s Harvard xu6ng sinh vién dang soan ludn van tién si.
Ludn van cta ong, hoan tat chi trong m6t nam, chitng minh mét dinh ly gitp
mo mot chwong mai trong Churong trinh Langlands, mé rong tir canh gidi cac
sO dén canh gidi hinh hoc cadc mat cong, chang han, mdt ctia mét qua bong hay
cta mét donut. Nhw thé c6 nghia la, xoan (twisting), thdm chi pha v&
(shattering), nhiéu y niém toan hoc quen thudc, nhv y niém co ban vé cac s6
dém (counting numbers).

Hay xét xem s6 3. N6 khong c6 cau tric noi bo. Qua that nham chan. Nhung
gia st bay gio thay thé s6 3 bang mot “khong gian vecto” c6 3 thit nguyén,
nghia la, mot khong gian moi diém trong d6 biéu twgng mot bo ba sd vai
nhitng quy tac riéng vé cong va nhan. Nhu thé, ching ta c6 cai gi d6 dang chu
y: mot cau tric vGi nhiéu doi xitng hon mot ngdi dén Hy Lap. Frenkel viét:
“Trong toan hoc hién dai, ching ta sang tao mot thé gidi mdi trong dé cac s6
tré nén song dong nhuv nhitng khong gian vecto.” Va cac khai niém co ban
khéac cling tré nén phong pht hon. Nhitng “ham s6” ma ching ta hoc & Trung
hoc, nhv trong y = f(x), déu chuyén bién thanh nhitng sinh vat ky la goi la
nhitng “b6” (sheaves).

bong thai tiép theo la mé rong Chuong trinh Langlands vugt qua bién giGi
ctia ban than toan hoc. Vao nhitng nam 1970, c6 sy nhan thay rang mdt trong
cac thanh phan chinh cia Chuwong trinh, “nhém d6i ngau Langlands”
(Langlands dual group), xuét hién trong vat 1y hoc lwgng tir. Biéu nay xdy dén
mot cach bat ngo. Coé 1€ nao cung mot mau hinh chi c6 thé thay thoang qua 1o
mo trong thé gidi cta s6 va cta hinh hoc ciing c6 doi tac trong thuyét mo ta
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nhitng lwc co ban cua ty nhién? Frenkel nghi rang c6 thé c6 mot lién hé giita
vat 1y hoc lwong tir va Chwong trinh Langlands. Ong va mot s6 dong nghiép
bat tay ngay vao viéc nghién citu né vdi sy yém trg chua tirng thay cua B0
Quoc Phong trg cap hang triéu do la vao nam 2004.

Trong dip nay, Frenkel c6 co hoi hgp tac véi Edward Witten, duwgc nhiéu
ngwoi coi nhw la nha vat 1y toan hoc t6i vi dai con séng (va nhu Langlands,
mot thanh vién ctia The institute for Advanced Study tai Princeton). Witten la
mot nguwdi ranh huyén thuyét (string theory), mot no lyc cua cac nha vat ly hoc
thong nhat tat ca Iyc cda ty nhién, bao gom ca trong lyc (gravity), vao gon
trong mét bao todan hoc. Chinh Witten nhan thdy mot sy twong tu giita cac
“branes” (viét tat chit “membranes”) dwgc cac nha huyén hoc gid dinh trong
huyén thuyét va cac “b6” (“sheaves™) do cac nha toan hoc phat minh. Nhan xét
nay md& ra mot cudc doi thoai phong phu gitta Chuwong trinh Langlands véi
muc tiéu thong nhat toan hoc, va truyén thuyét véi muc tiéu thong nhat vat ly
hoc. Mac dau huyén thuyét thiéu kha nang mo ta vii tru caa ching ta mét cach
hitu hiéu, sy két noi véi Chwong trinh Langlands da mang lai nhitng hiéu biét
sau sac vé hoat dong cua vat 1y hoc cac hat.

bay chang phai la lan dau tién cac khai niém toan hoc dwgc nghién ciu vi
vé dep thuan tiy cta ching sau nay chuyén sang soi sang thé gigi vat ly.
Einstein kinh ngac hoi, “toan hoc chung quy 1a mot san pham cta tv twéng con
ngwoi doc lap véi kinh nghiém, sao lai thich hgp phi thwdong véi cac doi twong
cua thuc té?” Frenkel khong thac mac giong nhw Einstein. Theo Frenkel, cac
cau tric toan hoc la trong s6 cac “doéi twgng cua thue té”. Ching ciling thuc ton
nhw bat cit thi gi trong thé gidi vat 1y hay thé gigi tam thitc. Hon nita, chiing
chang phai la san pham cua tw twéng con nguoi; ding hon, chiing ton tai mai
madi trong mot canh gidi cta rieng chung theo khudn Plato, chd duwgc kham pha
bdi cac nha toan hoc. Hau hét cac nha toan hoc tin rang toan hoc cé mot thuc
té vrgt qua tam tri con nguwdi, dac biét 1a cac nha toan hoc 16n nhuw Frenkel va
Langlands, Roger Penrose va Kurt Godel. Niém tin dy phai sinh tir nhitng mau
hinh va déi ¢ng ky la bat ngd xuat hién, ggi y vé cdi gi do tiém an va huyén bi.
Ai dat nhitng mau hinh ay & d6? Chac chan chang phai la ching ta.

Cac nha triét hoc khong ngtrng tranh luan vé ban thé hoc ctia todn hoc trong
nhiéu thé ky. Chu trwong ctia Frenkel trong Tinh yéu va Todn hoc thuong dugc
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goi la chu nghia Plato toan hoc (Mathematical Platonism). Nén biét c6 nhiéu
loai Platonism, va ciing c6 nhiéu cach thong dién toan hoc. Theo Frenkel, cai
thé gidi thuwong dugce goi thé gidi Plato toan hoc 1a noi cw tra cac khai niém va
y niém toan hoc. Plato la triét gia Hy Lap dau tién tranh luan rang céac thuc thé
toan hoc déu doc lap vdi nhitng hoat dong ly tinh caa ching ta. Nha vat ly toan
hoc rat duwgc hoan nghénh, Roger Penrose, viét trong tap sach The Road to
Reality (Con Puong dén Thuc t€) cia 6ng, nhiing tuyén bo toan hoc thudc vé
thé gidi Plato toan hoc chinh la nhitng khang dinh ding mdot cach khach quan.
Béo rang mot tuyén bé toan hoc nao dé c6 mat ton tai theo khuon Plato, titc nd
ding theo mot nghia khach quan. Gidng vay, cac y twdng toan hoc c6 mot ton
tai theo khuon Plato tai vi ching la nhitng y twdng khach quan.

Frenkel, giong Penrose, tin rang thé gigi Plato toan hoc tach roi khéi ca hai
thé gidi, vat ly va tam thitc. Penrose chi cho thay chu trvong thong dién mot
cach chu quan tat nhanh chéng dan ching ta t&i nhitng khang dinh hién nhién
vo nghia, nhdn manh tinh nang doc 1ap caa tri thitc todn hoc véi bat ky hoat
dong nao cua con nguoi.

Thé gidi Plato toan hoc ciing ton tai doc 1ap véi thuce té vat ly Vi du: Thiét bi
ctia thuyét truong quy pham (gauge theory) ban dau duwgc cac nha toan hoc
phat trién chang can quy chiéu vat ly hoc. Trong thuc té, chi c6 ba trong so cac
mo hinh mo ta cac lyc da biét cta ty nhién (lyc dién tw, yéu, va manh). Ching
twong ng véi ba nhom Lie cu thé (nhém vong tron, SU(2), va SU(3), theo thw
ty), mdc dau c6 mot thuyét treong quy pham cho bat ky nhom Lie nao. Co rat
nhiéu vi du khac vé nhitng ly thuyét toan hoc phong phu khong truc tiép lién
quan dén bat ky loai thue té vat 1y nao.

Nguon goc cta nhitng kha nang vé han caa tri thitc toan hoc chinh la tinh
khdch quan cta né. Tinh nay phan biét toan hoc véi bat ky loai no lwc nao
khéc ctia con ngudi. Sy hiéu biét nhitng gi ¢ dang sau tinh khach quan ay sé
soi sang nhitng bi an sau sac nhat caa thye té vat ly, y thitc, va nhitng twong ho
quan hé giita chiing. N6i cach khac, cang gan thé gigi Plato toan hoc, ching ta
cang c6 nhiéu nang luc hiéu biét thé gidi quanh ta va vi tri cia ching ta trong
do.
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Chang cé gi ngan can ching ta tham nhap cai thuc té Plato dy va két hgp né
v6i cudc song cua ching ta. Diéu thyc sw dang chu y la tinh cach dan cha von
c6 caa toan hoc: trong khi mot s6 bo phan cta hai thé gigi vat ly va tam thirc
€6 thé dwgce nhan thitc hay thong dién khac nhau bdi cac nguwai khac nhau, hay
tham chi chang c6 thé tiép can bdi mot s6 nguwdi trong ching ta, khai niém va
phwong trinh todan hoc déu duwgce nhan. thitc theo cung mot phuwong thic va
thudc vé tat ca ching ta mot cach bang nhau. Khong ai c6 thé c6 doc quyeén vé
tri thitc toan hoc; khong ai c6 thé doi mot cong thitc hay y niém toan hoc nhw
la m6t phat minh cta ho; khong ai cé thé duwgc cdp bang sang ché mot cong
thitc! Chang han, Einstein khong thé xin cdp mot bang sang tao céng thitc E =
me? cia 6ng. Ly do: Néu chinh xac, mot cong thitc toan hoc biéu hién mot tinh
chan vinh hang vé vii tru. Do d6, chang c6 ai c6 thé ti nhan c6 quyén sé hitu
diéu do6; né la cua chiing ta dé chia sé. Giau hay ngheo, den hay trang, tré hay
gia, khong mot ai c6 thé chiém ldy cac cong thitc d6 cta chung ta. Trong thé
gidi nay, khong co gi sau sac va thanh lich bang chung, tuy vay, chiing van cé
san cho tat ca.

Quan diém toan hoc theo Plato c6 van dé ma Frenkel chang bao gio mudn
nhan ra nhu vay; dé la n6 muo6n lam tri thitc toan hoc tré thanh mot phép la.
Néu cac doi twong toan hoc ton tai ngoai chiing ta, tru trong mot thién dwong
khuon Plato vugt qua thé gidi vat 1y cua khong gian va thoi gian, thoi lam thé
nao tam tri con ngwoi lién lac véi cac doi twgng dy va tim hiéu cac thudc tinh
va quan hé cua chung? Cac nha toan hoc c6 ESP* (nhan thitc ngoai cdm) hay
khong? Chu nghia Plato, nhw triét gia Hilary Putnam nhan xét, tuong nhw
khong phu hgp vdi sy that don gian la chung ta suy tw vGi nhitng ndo cua
chung ta, chit chang phai v6i nhitng linh hon phi vat chat.

Co 1€ Frenkel phai dugc phép vui thich cac khong twdng ctia minh. Chung
cudc, moi ngudi yéu déu c6 nhitng do twdng lang man vé nguwdi minh yéu.
Nam 2009, trong lic Frenkel & Paris trong tw cach Chaired’ Excellence cua
Fondation Sciences Mathématiques, 6ng quyét dinh lam mot bo phim ngan
biéu hién niém dam mé todn hoc cia 6ng. Lay cam hitng tir bo phim Rites of
Love and Death ctia Yukio Mishima, 6ng chon tiéu dé cho bo phim ctia 6ng la
Rites of Love and Math (tam dich Nghi thitc Tinh yéu va Toan hoc). Trong b0
phim cam ngu ngon theo kiéu Noh Nhat Ban nay, Frenkel dong vai tro mot
nha toan hoc sang tao mot cong thirc cia Tinh yéu. D€ giit cong thitc khai roi
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vao tay ta ac, 6ng gidu né khoi thé gidi bang cach dung mot que tre sam n6 vao
than ctia nguwdi ong yéu, va sau do chuan bi hy sinh ban than dé bao vé né.

Khi b6 phim ra mat & Paris nam 2010, bao Le Monde goi n6 “moét b6 phim
ngdan tuyét voi cung cdp mét tdm nhin ldng man bdt thwong cta cdc nha todn
hoc.” “Coéng thirc cua Tinh yéu” (the ‘Formula of love”) dugc st dung trong
phim la mét cong thitc chinh Frenkel da phat hién trong qua trinh khao cttu co
s@ caa thuyét treong lwgng tr (quantum field theory). N6 dep, nhung dé sg.
Céc s6 duy nhat trong do6 la zero, mot, va vo han. Tinh yéu dau phdai nhw thé?
DPay la cong thite (5.7) trong tiéu luan Instantons Beyond Topological Theory I
ong viét chung vGi hai nguwoi ban, Andrey Losev va Nikita Nekrasov nam
2006.

Cong thitc cta Tinh yéu
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2.2.4 Toan hgc dugc phat minh hay phat hién?

Phan dong ching ta nghi rang toan hoc thao tac dac biét thich dang va hitu
hiéu - cac nha khoa hoc cé thé thiét ké cac cong thirc d€ mo ta cac bién co6 bén
trong nguyén ti hay cac ky su cé thé tinh todn dwong bay cho phi thuyén.
Chtng ta thira nhan quan diém, nguyén duwgc Galileo chu truong, toan hoc la
ngon ngit cua khoa hoc va ky vong ngit phap cua no6 gidi thich nhitng két qua
thuc nghiém va tham chi tien doan nhitng hién twong mdi. Tuy vay, nang luc
ctia toan hoc luon ludn gay kinh ngac. Chang han, hidy xét xem cac phwong
trinh noi tiéng cta nha vat ly hoc nguwoi x& Scotland James Clerk Maxwell:
bon biéu thitc dy chang nhitng tom tat tat ca nhitng gi biét duwgc vé dién tw
trong nhitng nam 1860, ching con doan trdc s ton tai cia cac song vo tuyén
dién (radio waves) hai thap nién treéc khi nha vat ly hoc Pitc quéc Heinrich
Hertz phat hién ching. Rat it ngon ngit c6 hiéu lwc, c6 kha nang dién dat gia tri
ctia vat chat mot cac ngan gon va véi do chinh xac nhw vay.

Mario Livio, mot nha thién thé vat 1y hoc ly thuyét tai The Space Telescope
Science Institute & Baltimore cho biét nhitng khi 6ng n6 lyc tim hiéu nhitng hé
thong tién than nao san sinh sy bung no cta cac hang tinh loai la hay tinh toan
sO phan cua trai dat khi mat trdi cia ching ta tré thanh mot Hong cu tinh [Red
giant; hang tinh khong con hitré trong hach tdm dé cung cap nhién liéu cho
hach tu bién (nuclear fusion)], cong cu 6ng st dung va nhitng mo hinh 6ng
khai trién déu la toan hoc. Phwong thitc huyén bi toan hoc nam bat thé giGi ty
nhién da thu hut sy cha y dac biét ctia cac nha khoa hoc.

O c6t 16i caa huyén bi nay 1a mot luan diém ma cac nha toan hoc, vat Iy hoc,
triét hoc va khoa hoc nhan thitc da c6 trong nhiéu thé ky: toan hoc la mot tap
hgp cong cu dugc sang tac, nhu Einstein tin twdng? Hay toan hoc hién ton tai
trong mot canh gidi triru twgng nao do va con ngwoi chi kham pha nhitng tinh
chan ctia n6? Nhiéu nha toan hoc néi tiéng - bao gom David Hilbert, Georg
Cantor va nhom Nicolas Bourbaki - chia sé quan diém cua Einstein, lién két
vOi mot treong phai tw twdng goi la Hinh thic chu nghia (Formalism). Nhung
nhitng tw twdng gia xuat chiing khac - trong s6 d6 c6 Godfrey Harold Hardy,
Roger Penrose va Kurt Godel - chu trieong quan diém trai nguwgc, Plato cha
nghia (Platonism).
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Theo Mario Livio, néu chi don gian hdi toan hoc la dwgc phat minh hay phat
hién, ching ta bo quén kha nang ctia mot cau tra 16i phitc tap: ca sang tac va
kham pha dong mot vai tro quan trong. Ca hai gidi thich tai sao toan hoc thao
tac qua tot dep. Tuy nhién, loai bo phép nhi phan gitta sang tac va kham pha
cling chuwa hoan toan giai thich tinh hitu hiéu bat hgp ly ctia toan hoc.

2.2.4a Sdng tao va Kham pha.

Toan hoc theo hai phwong thitc hitu hiéu bat hop ly, mot la tich cuc, hai la
tiéu cuc. Boi khi cac nha khoa hoc sang tao nhitng phwong phéap chi nham dé
dinh lwgng cac hién twgng trong thuc thé gigi. Chang han, Isaac Newton thiét
ché todn vi tich phan (calculus) véi muc tiéu nam bat chuyén dong va bién
chuyén, phan ching thanh nhitng chudi tirng khung mot v6 cung bé. Lé co
nhién, cac thiét ché tich cyc nhv vay déu hitu hiéu; chung ctung, cac céng cu
déu thiét ché theo Iénh. Tuy vay, dang ngac nhién la trong mot s6 trwdng hop,
tinh chinh xac cta ching that phi thwong. Vi du: dién dong lyc hoc lwgng t
(quantum electrodynamics) la thuyét toan hoc dwoc khai trién dé mé6 ta anh
sang va vat chat twong tac nhw thé nao. Khi cac nha khoa hoc dung né dé tinh
momen t¥ cua electron, tri ly thuyét phu hgp véi tri thue nghiém mdi nhat
trong vong maot vai phan nghin ty!

bang kinh ngac hon, c6 1€, doi khi cac nha toan hoc khai trién toan thé lanh
vire nghién citu chang c6 y niém ng dung, nhung sau dé hang chuc nam, tham
chi nhiéu thé ky, cac nha vat ly hoc dwong thoi kham pha nhitng nganh toan do
giai thich cac quan sat ctia ho. C6 rat nhiéu vi du vé phwong thitc hitu hiéu tiéu
cuyc nhu thé. Evariste Galois, ching han, khai trién thuyét nhém dau nhitng
nam 1800 chi v6i muc dich duy nhat dé xac dinh kha nang giai quyét cac
phuong trinh da thitc. N6i rong ra, nhém la nhitng cau tric dai s6 cdu thanh béi
nhitng tap hop doi twogng (chang han, cac s6 nguyén) thong nhat dwdi mot s
thao tac (vi du: phép cong) tuan theo cac quy tac cu thé [trong s6 do, sy ton tai
ctia mot phan t¢ don vi (identity element) nhw 0 (zero), khi cong véGi bat ky so
nguyén nao két qua la sé nguyén do]. Trong vat 1y hoc thé ky 20, 1anh vuc tritu
twgng do bién thanh phwong thitc hiéu qua nhat dé phan loai cac hat co ban -
nhitng khoi xay dung cia vat chat. Vao nhitng nam 1960, hai nha vat 1y hoc,
Murray Gell-Mann va Yuval Ne’eman, doc 1ap v6i nhau, chitng minh mot
nhom cu thé, goi la SU(3), phdn anh cach van hanh cta cac hat bén trong
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nguyén ti¢ goi la hadrons - mot két noi cudi cung dat co sé cho thuyét hién dai
vé s két hgp cac hat nhan nguyén ti.

Sv nghién cttu cac nut (knots) la mot vi du hay khac cta tinh hitu hiéu tiéu
cuc. Nt toan hoc chi khac nit thwong ngay & ché ching khong c6 dau long
léo. Trong nhiéu thap nién cac nha toan hoc khéng ngirng nghién cttu cac nuit
nhv mot nganh toan hoc nghia ly suc tich sau xa. Pang ngac nhién, hién gio
thuyét cac nit cung cap cac kién gidi quan trong vé huyén thuyét (string
theory) va trong luc lwgng tir tudn hoan (loop quantum gravity) - nhitng no luc
dwong tién t6i hdo dé dién dat mot thuyét khong-thoi gian hoa hgp co hoc
lwgng tr va thuyét twong doi rong. Ciing giong vay, nhitng kham pha cua nha
toan hoc Hardy trong thuyét cic s6 dén trudc lanh viec mat ma hoc
(cryptography) ctia quan doi, mac dau Hardy tuyén b6 truedc d6 “chwa ai kham
pha dwgc bat c muc dich chién tranh nao nham st dung thuyét cac s6.” Va
ndam 1854, Bernhard Riemann mo t& cac hinh hoc phi-Euclid - cac khong gian
la ky trong d6 cac duong song song hoi tu hay phan ky. Hon ntta thé ky sau,
Einstein vién dan nhitng hinh hoc d6 dé thiét lap thuyét twong doi rong cta
ong.

Mot mau hinh xuét hién: con ngwdi phat minh nhitng khai niém bang cach
triru twogng cac yéu to tr thé gidi chung quanh - cac hinh dang, tuyén, tap hop,
nhom, va V..V... - hodc cho mot muc dich riéng nao dé hay don gian, cho vui.
Sau do, tiép tuc kham pha nhitng két n6i trong s6 cac khai niém dé. Tai vi
nhitng phat minh va phat hién 1a do ngudi thue hién - khong giong loai phat
minh cha trvong béi phai Plato - toan hoc ctia ching ta cudi cung dat co s@
trén nhitng nhan thitc cua chung ta va trén nhitng hinh dnh tam thitc ching ta
c6 thé goi lén. Chang han, ching ta c6 tai nang bam sinh goi la
“subitizing”,nhan ra s6 lwgng (m6t nhém cac muc) trong nhay mat va khong
dém. so lwgng t0i da cta cac muc dwgc nhan ra tirc thoi la vao khoang nam.
Ching ta rat gioi cam tri bién duyén cua cac doi twgng riéng 1é va phan biét
gitta duwong thang va cong va giita cac hinh dang khac nhau nhw vong tron va
elip - nhitng kha nang kha di dan dén sy khai trién s6 hoc va hinh hoc. Ciing
nhv thé, kinh nghiém 13p lai vé nhan va qua it nhat phan nao dong goép vao
viéc sang tao logic cung vdi y twdng mdot sd phat biéu bao ham tinh hgp ly
(validity) ctia nhitng phat biéu khac.
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2.2.4b Chon Iya va Tién héa.

Michael Atiyah, mdt trong cac nha toan hoc 16n nhat cta thé ky 20, trinh
bay mot thire nghiém tu tuwdng (thought experiment) wu nha cho thay cam tri to
mau nhv thé nao nhitng khéi niém toan hoc chiing ta 6m ap - ngay ca nhitng
khai niém tuéng nhw co ban nhw cac s6. Nha toan hoc Bic Leopold Kronecker
tuyén bo noi tiéng, “Thwong DEé sang tao cac s6 nguyén ty nhién, tat ca nhitng
gl khac la cong tac ctua con ngwoi.” Nhung trong mot moi truong khong co gi
dé dém, thi hoi khai niém cac s6 cé sinh khéi hay khong?

Ching ta chon nhitng cong cu toan hoc 4p dung cho thé gidi cta ching ta -
mot sy that chac chan c6 gép phan vao tinh hitu hiéu cua toan hoc. Cac nha
khoa hoc khong chon cac phuwong phap phan tich mot cach tuy tién, néi cho
dung la can ct trén sy ching dv doan cac két qua thyc nghiém tot nhw thé nao.
Khi m6t cai may béng quan vgt (tennis ball machine) ban ra nhitng qua bong,
ching ta c6 thé dung céc s6 ty nhién dé mo ta lvu dong ctia cac bong. Nhung
khi cac linh cttu héa st dung mot 6ng dan nwéc, ho phai dan dung nhitng khai
niém khac, nhu thé tich hodc trong lwgng, dé sy mo ta dong nuwéc cé y nghia.
Ciling vay, khi cac hat khac nhau & bén trong nguyén t* va cham trong mot
mdy gia toc hat (particle accelerator), cac nha vat ly hoc s dung nhitng
phuong thitc do lwong nhu nang lwong (energy) va dong lwgng (momentum).

Theo thoi gian chi c6 cdc mod hinh t6i hdo ton tai. Chang han, nhitng do
lwong t6i chinh xac mGi nhat vé tu€ sai (precession; tién dong) ctia hanh tinh
Mercury da doi hoi phaéi cai bién thuyét trong lwc cia Newton theo hinh thitc
cta thuyét twong doi rong ctia Einstein. Hét thdy cac khai niém toan hoc thanh
cong déu c6d mot tudi tho dai: cong thitc dién tich cia mot hinh cau hém nay
van ding nhw khi Archimedes chitng minh né vao khoang nam 250 B.c. Két
qua la cac nha khoa hoc thudc bat ky thoi dai nao c6 thé tim kiém thong qua
mot kho chita rong 16n cac hinh thitc luan (formalisms) nhitng phwong phap
thich hgp nhat.

Céac nha khoa hoc chang nhitng chon lya cac hang muc c6 1gi nhét tir nhitng
gi c6 san, ho con c6 khuynh huwéng chon Iwa nhitng van dé c6 thé gidi quyét
theo phirong thitc toan hoc. Tuy nhién, c6 mot loat cac hién twgng chang c6 thé
dy doan theo phwong thitc toan hoc, d6i khi ngay ca trén nguyén tac. Trong
kinh té hoc, nhiéu bién lwong khong lién quan dén sy phan tich dinh lwgng,
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chang han nhu tam ly twong té cia quan ching. Gia tri dy doan cta bat ky hoc
thuyét nao tuy thudc tinh bat bién (constancy) ctia cac quan hé co ban gitta cac
bién lwgng. Nhitng phan tich ctia chiing ta khong nam bat hoan toan cac hé
thong phét trién sy hon loan, trong d6 nhitng bién d6i nho nhat trong diéu kién
ban dau c6 thé san sinh cac két qua cudi cung hoan toan khac biét, cim can bat
ky dy doan dai han nao. Céac nha toan hoc thiét ché cac mon thong ké va xac
suat dé doi pho véi nhitng thiéu sét nhw vay, nhung ban than toan hoc la hitu
han, nhu Gddel da chitng minh.

2.2.4c Tinh doéi xirng cua Tu nhién.

Suw chon lvya can than cac van dé va giai phap chi phan nao giai thich sy
thanh cong cta toan hoc trong sy mo ta cac luat caa ty nhién. Nhitng luat nhw
vay tredc hét phai ton tai! VGi cac nha toan hoc cling nhw vat ly hoc, nhitng
luat pho bién tuéng nhw chi phoi vii tru ctia ching ta: mot nguyén tit cach xa
12 ty quang nién van hanh giong nhw mot nguyén t trén trai dat; anh sang
trong qua khit xa x6i va anh sang ngay nay chia sé nhitng dac diém giong
nhau; va cac lyc hap dan hinh thanh nhitng cau tric ban dau cua vii tru van ngy
tri trén cac thién ha ngay nay. Cac nha toan hoc va vat 1y hoc phat minh khai
niém doi xitng dé mo ta loai mién bién doi do.

Cac luat vat 1y hoc tuoéng nhw hién thi tinh doi xitng déi vai khong gian va
thoi gian: ching khong tuy thudc noi chén, goc dd, hay lic nao ching ta xét
xem ching. Chiing binh dang, bat nhi doi v&i tat ca cac quan sat vién, khong
phan biét cac quan sat vién ay ditng yén, chuyén dong véi toc do khong doi
hay tang toc. Do d6, cac két qua cua chung ta dwgc giai thich béi cung luat dau
cac thi nghiém xdy ra & Trung Qudc, Viét Nam hay & thién ha Andromeda, va
dau ching ta tién hanh thi nghiém ngay hom nay hay c6 ai dé thyc hanh thi
nghiém mot ty nam sau. Néu vii tru khong sé hitu nhitng doi xing do, moi mé
hinh toan hoc thiét 1ap can c trén nhitng quan sat ctia chung ta sé xem nhw
khong co, tai vi chung ta sé khong nging lap lai nhitng thi nghiém tai moi
diém trong khong gian va thai gian.

Chung ta khdi dau véi hai cau héi co ban, ho twong quan hé: toan hoc dugc
phat minh hay phat hién? Va nhitng gi da cap cho toan hoc nhitng quyén nang
gidi thich va dy doan? Giai dap cau héi dau, toan hoc thyc sy 1a mot két hop
phitc tap cac phat minh va phat hién. Cac khai niém, néi chung, déu duwgc sang
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tao, va mac dau tat cd cac quan hé diang gitta chiing ton tai trwdc khi dwoc
kham pha, con ngwoi van chon lya nhitng khai niém nao dé nghién ciu. Cau
héi thi¢ hai tré nén phitc tap hon. Chac chan sy chon lya cac cha dé ching ta
gidi quyét theo phwong thitc todn hoc déong mot vai tro quan trong trong tinh
hitu hiéu dugc biét cta toan hoc. Nhwng chung cudc toan hoc khéng thao tac
néu khoéng c6 nhitng tinh nang phd bién can phai kham pha. Chiing ta c6 thé
héi: Tai sao chung cudc c6 nhitng luat pho bién cta tw nhién? Hay héi twong
dwong, tai sao vii tru cua ching ta bi chi phoi bdi mot s6 doi xitng? Chua ai
tim ra dugc 10i giai dap cac cau hoi ay, tuy nhién, c6 1é can ghi nhan rang trong
mot vii tru chang c6 nhitng thudc tinh ndi trén, tinh phitc tap va cudc song sé
chang bao gid xuat hién, va chiing ta sé khong c6 mat & day dé dat cau hoi.

Chu thich

1. Phéng theo bai viét Cognitive Science and the Connection between Physics and Mathematics ctda
Anshu Gupta Miyumdar va Tejinder Singh. Quan diém cua hai vi nay la todn hoc xuéat phat tir ndo con
ngudi chit khong phai c6 san “@ ngoai kia”.

°. Stanford Encyclopedia of Philosophy. Platonism in the Philosophy of Mathematics. Trong triét hoc
Toan hoc, c6 mét y twdng goi la Mathematical Platonism, danh tr Platonism - tam dich la thuyét Plato -
bat nguon tir thuyét noi tiéng vé y niém cda Plato: Thuyét Plato vé todn hoc (mathematical platonism) 1a
quan diém siéu hinh thira nhan c6 nhitng d6i twgng toan hoc triru twgng ma sy ton tai doc 1ap vdi ching
ta, v@i ngbn ngilt, tw twdng va thyc hanh cua ching ta. Gidng nhw electrons va cac hanh tinh t6n tai doc
1ap v6i chiing ta, cac s6 va tap hop cling nhw vay. Y niém d6 bién minh toan hoc 1a mét thyc thé ddc 1ap
vGi con nguwdi. Do do, con ngudi khéng phat minh todn hoc. Con nguwdi nhan ra va hoc tap toan hoc. Cé 3
diéu kién phai théa man hau dinh nghia thuyét Plato vé toan hoc: Toén tgi (C6 nhitng doi twgng toan hoc),
Tritu twong (Cac déi twgng toan hoc déu tritu twgng) va Ddc Idp. Cdc do6i tuwong toan hoc déu doc 1ap véi
Cac tac vién co tri tug, vai ngdn ngit, tw twdng, va thye hanh cta cac tac vién d6). Nham chitng minh diéu
kién Ton tai, ching ta c6 thé tham khdo khai niém toan hoc, nhw s6, phwong trinh, V..V... Nham chitng
minh diéu kién Tritu twgng, nén biét toan hoc chi la khai niém. Vi vay, né khong cé hinh thitc vat ly. N6
chi ton tai duwdi hinh thitc mot khai niém. Do d6, né la triru twgng. Nham chitng minh diéu kién Doc 1ap,
chiing ta chwa biét nhu thé nao dé chitng minh diéu dy (hay sé chang bao gid). Cac déi twgng toan hoc
déu doc 1ap vdi ngdn ngtt, tw twdng, va thyc hanh cia cac tac vién cd tri tué. Can c trén dinh nghia,
nham chitng minh diéu kién &y, ching ta phai, bang cach nao dé, chitng minh toan hoc trinh hién bat ké

s ton tai cua ngudi, thi vat, hay bat ky dang song nao khac co tri tué. Pen nay, chwa thdy mot chitng
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minh nao vitng chac. Tuy nhién, mgt khai niém tin phuc (convincing concept) khién chiing ta tin thuyét
Plato vé toan hoc. D6 1a ti 1€ hoang kim (p (the golden ratio) dwgc biéu hién trong toan hoc nhw la: Véi

cacsélugnga vab, a>b> 0, g,

.

[ e
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Quan sat su xuat hién cua s6 (p dy trong ty nhién, ching ta khong ngan dwgc niém tin toan hoc la
dwogc phat hién (discovered), chang phai la dwgc phat minh (invented).

°. Mot an du khai niém 1a sy hifu biét mot y niém (idea), hay linh wvirc khéi niém (conceptual
domain), theo quan diém cua mot y niém khac. Vi du: hiéu biét mét s6 lwgng (quantity) theo quan diém

cta phuwong huwéng tinh (directionality), chang han, gia phaéi tra cho hoa binh dang gia tang.

Cape- ¢ => e=1(apo) =299 X 10%s

5. Cau néi phéng theo nhan d@ “The Unreasonable Effectiveness of Mathematics in the Natural Sciences”
ctia mét bai viét nam 1960 cua nha vat ly hoc Eugene Wigner, gidi Nobel vét 1y hoc 1963. Trong bai viét
do6, Wigner nhan xét cau tric todn hoc cia mét hoc thuyét vat 1y thudng chi cho biét phuwong thic phat
trién nhitng tién bo trong hoc thuyét d6 va ngay ca nhitng dy doan kinh nghiém.

6. Eugene Wigner. "The Unreasonable Effectiveness of Mathematics in the Natural Sciences," in
Communications in Pure and Applied Mathematics, vol. 13, No. I (February 1960). New York: John
Wiley & Sons, Inc. Copyright © 1960 by John Wiley & Sons, Inc. “The miracle of the appropriateness of
the language of mathematics for the Tormulation of the laws of physics is a wonderful gift which we
neither understand nor deserve. We should be gratehil for it and hope that it will remain valid in iuture
research and that it will extend, for better or for worse, to our pleasure, even though perhaps also to our
bafflement, to wide branches of leaming.”

7. “No discovery of mine has made, or is likely to make, directly or indirectly, for good or ill, the least

difference to the amenity of the world.”
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8.

10.

12.

13.

G. H. Hardy, A Mathematician's Apology, Cambridge university Press, 1940; new printing with a

foreword by c. p. Snow. “If mathematics has any right to exist at all, then it is only as art.” pp. 139- 140.

. Nhu trén. “I believe that mathematical reality lies outside us, that our

function is to discover or observe it, and that the theorems which we prove, and which we describe
grandiloquently as our "creations", are simply our notes of our observations. This view has been held, in
one form or another by many philosophers of high reputation, from Plato onwards  ” pp. 123-124.
In a letter of 2 July 1830, to A. M. Legendre, cf. c. G. J. Jacobi, Gesammelte Werke, G. Riemer, Berlin,
1881-1891, Vol. 1, pp. 453- 455.

u. Nhu chu thich #20. “Beauty is the first test: there is no permanent place in the world for ugly
mathematics.” P85.
Edward Frenkel. Love & Math. Basic Books. New York. 2013. “For the {irst time in my life, I had in my
possession something that no one else in the yvorid had.” P59.
Mau da Rosetta la manh da phat hién nam 1798 tai Rosetta, Ai Cap, hién gio' nam trong British Museum,
c6 nién dai 196 bc. Ban ghi song song ba thi tiéng ctia n6 — chit twgng hinh Ai Cap (Egyptian
hieroglyphics), mét hinh thitc gian héa cua chir viét ¢6 dién Ai Cap (Egyptian demotic characters), va

tiéng Hy Lap (Greek) - gitp gidi ma chit tvgng hinh Ai Cép.

. ESP la viét tit extrasensory perception, tam dich nhan thitc ngoai cam (nhu trong than giao céch

cam - telepathy; thién ly nhan - clairvoyance; va du tri - precognition), titc la nhan thitc thong tin vé cac
bién c6 bén ngoai ban than ching thong qua cac giac quan va khong thé suy dién tir nhitng kinh nghiém

trwde doé.
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Chuong III: Va tru Toan hoc Tegmark

3.1 Mot budi n6i chuyén veé vii tru, mot cau tric toan hoc.

3.1.1  Nhitng gi cau thanh vii tru?

3.1.2  Toan hoc vé y thitc

3.2 Cam lai va tinh toan di!

3.3 Y thitc 1a mot trang théi vat chat

3.4  Tu twong va Cong trinh ctia Tegmark

3.5  Tap sach ‘Our Mathematical Universe’ cia Tegmark

3.6  Binh luan vé ‘Our Mathematical Universe’

3.7  DPugc lam bang toan hoc?

3.7.1  Toan hoc trng dung

3.7.2  ...so v0i toan hoc thuan tuy

3.7.3  Hai nghia cua “la” ("is"

3.8  Co chang nhitng vii tru song song?

3.8.1  Hiéu toan hoc theo nghia den

3.8.2 Vi tru phan nhanh

3.8.3  Rat vui dugc gap t6i?

3.8.4  Cai toi nao thuc ton?

3.9 Jeremy Butterfield binh luan ‘Our Mathematical
Universe’

3.9.1 Vi tru da trong tang I

3.9.2 Vi tru da trong tang II

3.9.3  Viitru da trong tang III

3.9.4 Vi tru da trong tang IV

3.10  Giai dap mot s6 thac mac

Chau thich

3.1 Mot budi noi chuyén vé vii tru, mgt cau tric toan hoc.

3.1.1 Nhirng gi cau thanh vii tru?
Twr lau cac nha khoa hoc thuwong dung toan hoc dé moé ta nhitng thude tinh
vat ly cua vii tru. Hién nay nha vii tru hoc Max Tegmark, giao su tai
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Massachusetts Institute of Technology (MIT), dé xwéng mot gidi phap “khiéu
khich” cho mot trong nhitng van dé trung tam doi dién vat ly hoc: vii tru la mot
cdu truc toan hoc.

Theo quan diém ctia Tegmark, moi sy vat trong vii try, ké cad con ngudi, la
bd phan ctia mot cau tric toan hoc. Tat ca vat chat la do cac hat cau thanh; hat
c6 nhitng thudc tinh, nhw dién tich (charge) va spin, déu la thudc tinh thuan tiy
toan hoc. Va ban than khong gian cé nhitng thudc tinh, nhv tht nguyén
(dimensions), cu6i cung, van la mét ciu tric toan hoc.

Trong mot cudc noéi chuyén tai The Bell House, ngay 15 thang Giéng 2014,
Tegmark tuyén bd, “Néu cac ngai thtta nhan y niém ca ban than khong gian va
nhitng gi trong do khong c6 thudc tinh nao ngoai trtv nhitng thudc tinh toan
hoc,” thoi y niém moi sy vat la toan hoc “bat dau nghe it dién mét chit.” Cau
chuyén trinh bay hom dy can c trén tap sach “Our Mathematical Universe:
My Quest for the Ultimate Nature of Reality” (Knopf, 2014).

Ong néi, “Néu y niém cta t6i sai Iam thoi vat 1y hoc chiu s6 phan chét.”
Nhung néu vii tru thie sy 1a toan hoc, 6ng néi thém, “Trén nguyén tac, chang
c6 gi ching ta khong thé hiéu biét.” Y niém ty nhién tran day toan hoc 1a do
quan sat thay ty nhién tran day cac mau hinh, chdang han nhw chuéi Fibonacci:

trwde. Cac so dy rat quan trong trong tw nhién, tai vi lién quan t6i van dé hiéu
sudt trong qua trinh tang trudng cua cay. sd canh hoa (petals) trong mot dda
hoa thuong la mot trong cac s6 cua chuoi Fibonacci. Vi du: hoa lily (loa keén)
¢6 3 canh hoa, hoa buttercup (mao Iwong) c6 5, hoa chicory (rau diép xodn) cé
21, hoa daisy (ctc uyén minh) cé 34 hay 55, V..V...

Thé gidi phi sinh ménh ciing van hanh theo phuong thitc todn hoc. Néu
ching ta tung mo6t qua cau lén trdi, n6 sé chuyén dong theo mot quy dao hinh
gan giong nhuw mot parabon. Cac hanh tinh va thién thé vat ly khac chuyén
dong theo quy dao hinh elip.

Tegmark nhan xét, “Trong ty nhién c6 mot don gian va vé dep wu nha dugc
thdu 16 bdi cac mau hinh va hinh dang toan hoc ma tam tri cia chiing ta c6 thé
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tim thdy.” Ong say mé todn hoc dén do déng khung hinh anh cac phwong trinh
noi tiéng trong phong khach cua 6ng.

Mot hau qua cta ban than ty nhién toan hoc cua vii tru la cac nha khoa hoc
c6 thé vé mat ly thuyét tién doan moi quan sat hay do lwong trong vat ly hoc.
Tegmark chi cho thdy toan hoc tién doan sy ton tai ctia hanh tinh Neptune, cac
song radio, va hat boson Higgs véi tinh nang giai thich lam thé nao cac hat
khac cé duge khodi lwgng cta ching. Mot s6 ngwoi tranh luan cho rang toan
hoc chi 1a mo6t cong cu dugc phat minh dé giai thich thé gi6i tw nhién. Nhung
Tegmark qud quyét cdu tric todn hoc tim thiy trong thé gigi tw nhién cho thay
todn hoc ton tai trong thuc té, chi khong chi trong tam tri con nguwdi. Va noi
dén tam tri con ngwoi, thr hdi ching ta c6 thé st dung toan hoc dé gidi thich
b0 ndo hay khong?

3.1.2 Toan hoc vé y thitc

Mot s6 khoa hoc gia mo ta tdm tri con ngwdi nhw cau tric phirc tap nhat
trong vii tru. Qud vay, tam tri con ngwdi da tac thanh kha thé cua tat cd nhitng
bwdc nhdy vot trong viéc hiéu biét thé gidi cta chiing ta. Tegmark tin rang
ngay ca y thtc ciing c6 thé dwoc mé ta theo phwong thitc todn hoc. Ong noi,
“Y thitc c6 18 1a cach théng tin (information) cam thay khi né dang dwoc xit Iy
theo mot s6 phuong thitc rat phitc tap.” Ong chi cho thdy mét s 1én tién bod
trong vat 1y hoc lién quan t6i thong nhat hai sy vat bay lau twéng la roi nhau:
ning lugng va vat chat, khong gian va thdi gian, dién va tit. Ong nghi ring tdm
tirc cdm giac vé mot tw nga cé y thitc cudi cung sé thong nhat vaéi than tirc mot
tap hgp cac hat di dong.

Tegmark két luan bu6i néi chuyén ctia 6ng véi mot 16i kéu goi hanh dong:
“Con ngudi c6 quyén nang chang nhitng hiéu biét thé gidi cua chiing ta, ma
con hinh thanh va cai thién thé gidi dy.”

3.2 Cam lai va tinh toan di!

Tiéu dé cia mot bai viét cia Tegmark 1a ‘Cam lai va tinh toan di’ 1a nham
mo ta mot phuong thic tiép can cuec doan vat ly hoc, trong do6 thuc té vat 1y
ngoai bo cta chuing ta dugc gia dinh la toan hoc thuan tdy. Bai viét dé xuat gia
thiét dong co “tat ca chi la phwong trinh” va thao luan vé nhitng gi duge am chi
trong do.
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Y niém vé vil tru cta chiing ta theo mdt nghia ndo d6 1a toan hoc c6 thé it
nhdt xem nhw xuat hién tir thoi Pythagoras thudc c6 Hy Lap, va dan phat nhiéu
thé ky thao luan gitta cac nha vat ly hoc va triét hoc. Vao thé ky 17, Galileo n6i
tiéng phat biéu vii tru 1a mot “cudn sach 16n” duwgc viét bang ngoén ngit toan
hoc. Gan day, Eugene Wigner, gidi Nobel vat 1y hoc 1963, tranh bién vao
nhitng nam 1960 vé “hiéu lyc bat hgp 1y cta toan hoc trong cac khoa hoc tw
nhién” can phai dwgc giai thich.

Trong bai nay, Tegmark day y niém d6 dén mic cwc doan va bién minh cho
thay vii tru cta chung ta khong chi la dwgc mo td bang toan hoc, ma néi cho
ding, la todn hoc. Mdc dau gia thuyét d6 xem ra trttu twgng va rat kho tin, né
da dan dén nhitng du doan bat ngd vé cau tric cua vii tru kha di kiém chitng
bang cac quan sat. Gia thuyét d6 cé thé xem nhuw mot rit hep nhitng gi xem
giong nhv mot thuyét t6i chung vé Nhat thiét (an ultimate theory of
everything).

Lap luan cta Tegmark can ci trén gia thiét c6 mat thuc t€ vat ly ngoai bo
ton tai doc 1ap véi nhitng con ngudi nhu chiing ta. Ong tin réng da s6 cac nha
vat ly hoc tan thanh y niém lau nam nay mac dau van dang tranh luan. Cac nha
duy nga luan siéu hinh hoc (metaphysical solipsists) nhat dinh tir khuéc né, va
cac nha tan trg cai goi la thong dién co hoc lwgng tit theo truwong phai
Copenhagen c6 thé khong tiép nhan n6 vin cé chang cé thyc té€ ma khong quan
sat (reality without observation). Gia thiét ton tai mot thuc té ngoai bo, cac
thuyét vat ly hoc nham muc dich mo6 ta né van hanh nhw thé nao. Cac thuyét
thanh cong nhat ctia ching ta, nhw thuyét twong doi rong va co hoc lwgng ti,
mo ta chi phan nao thuc té dy: trong luc (gravity), chang han, hay van hanh cta
cac hat bén trong nguyén ti. Nguogc lai, nhitng gi vat 1y hoc ly thuyét dang truy
cau hodc tam cau la mot hoc thuyét vé Nhat thiét, mot mo ta day du veé thurc té.

Tegmark cho biét sy truy cau hoc thuyét vé Nhat thiét ctia 6ng khai dau vai
mot ludn c& cyc doan vé nhitng gi né dugc phép trong giong nhuw. Néu ching
ta gia thiét thyc t€ ton tai doc 1ap véi con ngudi, thoi mudn cho s mé ta dwoc
day du, n6 cling phai dwgc xac dinh rd can c trén cac thyc thé khong phéi con
nguoi - ngwoi ngoai hanh tinh hodc siéu may tinh, chang han - chang hiéu biét
gi vé nhitng khéi niém cta con ngwoi. No6i khac, mot mé td nhw vay phai co thé
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dwgc biéu hién dwdi mot hinh thitc chang c6 bat ky hanh ly nao cia con nguai
nhu “hat”, “quan sat” hay cac tur khac.

Nguoc lai, tdt ca nhitng hoc thuyét vat ly hoc giang day & trwong déu co hai
thanh phan: nhitng phwong trinh todn hoc va nhitng tir giai thich lam thé nao
cac phwong trinh duge két néi vdéi nhitng gi ching ta quan sat va tri'c quan
hiéu biét. M6i lan phai sinh nhitng hdu qua ctia mot ly thuyét, chiing ta thém
vao nhitng khai niém mdi - protons, molecules, stars - tai vi chung tién 1gi. Tuy
nhién, can phai nhg chinh nhitng con ngwdi nhw ching ta sang tao nhitng khai
niém nhw vay; trén nguyén tac, moi sy vat co thé dugce tinh chang can hanh ly
ay. Vi du: mot siéu may tinh da nang lyc can thiét c6 thé tinh lam thé nao trang
thai cua vii tru phat trién theo thoi gian ma chang can thong dién nhitng gi xay
ra theo phwong thirc con nguoi tw lwgng.

Tat ca nhitng diéu noi trén dat ra cau hai: c6 thé nao tim dwgc mot sy mo ta
thure t€ ngoai tai chang lién quan téi hanh ly? Néu c6 thé, mot mo ta nhw vay
cac doi twgng trong thuc té ngoai tai dy va nhitng quan hé gitta ching sé phai
hoan toan trttu twgng, buoc moi tv hay ky hiéu phai chi la nhitng nhan hiéu
chang mang y nghia tién doan nao. N6i cho ding, cac thudc tinh duy nhat ctaa
cac thyc thé ay sé la nhitng gi dugc thé hién bdi cac quan hé gitra chiing.

Dbrng la noi toan hoc tién nhap. Vi mot nha 16gic hoc hién dai, mot cau tric
toan hoc la mot tap hop cac thue thé triru twgng véi nhitng quan hé gitta ching.
Vi du: cac s6 nguyén, hay cac déi twgng hinh hoc nhw khoi mudoi hai mat
(dodecahedron), mot yéu thich cua nhitng ngwoi thudc phai Pythagoras. That
hoan toan trai ngugc véi th toan hoc ¢ Trung hoc ma ching ta ting kinh
nghiém nhu mot hinh thitc tritng phat ngwoc dai, hay nhw mot tdi thu thuat dé
thao tac s6. Giong nhw vat 1y hoc, toan hoc phét trién dé dat nhitng cau héi
rong hon.

Toan hoc hién dai la sy nghién citu chinh thitc cac cau tric kha di dugc dinh
nghia theo m6t phwong thitc thuan tiy tritu twong. Tw lwgng vé cac ky hiéu
toan hoc nhw nhitng nhan hiéu don thuan chang c6 y nghia c6 hitu. Bat luan
ban viét “hai cong hai bang bon”, “2 + 2 = 4”, hay “two plus two equals four”,
diéu d6 khong quan trong. Phép biéu thi dung dé chi cac thyc thé va cac quan
hé la khong thich dang; cac thudc tinh duy nhat ctia s6 nguyén la nhitng gi thé
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hién bdi cac quan hé gitta ching. Nghia 1a, chiing ta khéng phat minh cac cau
triic toan hoc, ching ta kham pha ching, va chi phat minh phép biéu thi dé mo
ta chung.

Nhu vay, day la mau chot cua 1ap luan cta Tegmark. Néu ban tin vao mot
thue t€ ngoai tai doc 1ap v6i con ngudi, thoi ban cling phai tin vao cai ma
Tegmark goi la gia thuyét vé vii tru todn hoc: thyc té€ vat ly cta chiing ta 1a mot
cau truc toan hoc. Néi khac, tat ca ching ta déu song trong mot doi twgng todn
hoc khong 16, mot doi twgng phitc tap hon mot khoi muwsi hai mat, va co 1€
cling phttc tap hon nhitng doi twgng cé tén goi gy kinh sg nhu Calabi-Yau
manifolds, tensor bundles va Hilbert spaces, thuong hién ra trong cac 1y thuyét
tién tién nhat hién nay. Moi sy vat trong thé gidi ctia chung ta, ké ca ban, la
toan hoc thuan tuy.

Néu diung nhu vay, thoi thuyét vé Nhat thiét phai thuan tdy triru twgng va
toan hoc. Mac dau chua biét thuyét do cé hinh dang nhw thé nao, vat ly hoc hat
va vii tru hoc dat dén mot diém tat ca nhitng do lwdng tr tredc dén nay co thé
dwoc gidi thich, it nhat trén nguyén tac, v4i nhitng phuwong trinh sap xép vira
van trén mot vai trang gidy va lién hé tdi chi 32 hang s6 khong gidi thich dugec.
Nhu thé, tuéng nhw c6 kha nang, thuyét vé Nhat thiét chinh xac tham chi c6 thé
trd nén don gian, dia dé mo ta bang maot so6 phwong trinh sap xép vira van trén
mot 4o thun.

Trudc khi ban vé van dé liéu gia thuyét vii tru toan hoc ding hay khong,
twong nén hiéu van dé ay c6 nghia la gi. Muo6n hiéu diéu d6, can phan biét gitta
hai phwong thitc quan sat thyc té vat ly ngoai tai. M6t la tdng quan ngoai bo
ctia mot nha vat 1y hoc nghién cttu cau tric toan hoc cta né, giong nhw mot
con chim dang quan sat phong canh tir trén cao nhin xuong. Hai la 16i nhin noi
bd ciia mot quan sat vién song trong thé gidi cau tric mo ta, giong nhw mot con
éch song trong phong canh con chim quan sét.

Két n6i hai quan diém trén la mot van dé lién quan téi thoi gian. Mot cau
tric toan hoc, theo dinh nghia, 1a mot thuc thé tritu twgng bat bién ton tai bén
ngoai khéng gian va thdi gian. Néu lich st vii tru cia ching ta 1a mot bo phim,
cau truc sé twong &ng chang phai v6i mot khung don nhat ma véi toan bo
DVD. Nhu thé, tir quan diém con chim, cac quy dao cua cac doi twgng chuyén
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dong trong khong-thdi gian bon thit nguyén giong nhw mét mé spaghetti roi
beng. Noi con €ch thdy cai gi d6 chuyén dong vdi van tdéc khong doi, con chim
thdy mot tao spaghetti chwa nau. Noi con éch thady mat trang quay quanh trai
dat, con chim thay hai tao spaghetti két hgp v6i nhau. Véi con éch, thé gidi
dwgc mo ta bdi cac dinh luat chuyén dong va luc hap dan cuia Newton. Vi con
chim, thé gidi la hinh hoc cia mi 6ng.

Mot cach tinh té hon vé sy két noi hai quan diém trén lién quan tGi sy giai
thich 1am thé nao mot quan sat vién c6 thé la thuan tiy toan hoc. Trong vi du
nay, ban than con éch phéi bao gobm mot géi mi 6ng day khit rit, c6 mot cau
tric rat phitc tap twong @ng véi nhitng hat lwu trit va xi 1y thong tin theo mat
phuong thitc phat sinh cam giac quen thudc vé tinh tv y thite (= y thitc).

Bay gio hay héi lam thé nao dé thir nghiém gia thuyét vii tru toan hoc? Khai
dau, gia thuyét ay tién doan con nhiéu quy luat toan hoc phéi dugc phat hién
trong tw nhién. Ké tr khi Galileo cong bd y niém vé mét vii tru toan hoc, da cé
nhitng tién bod vitng chac cia cac kham pha tuy thudc y niém 4ay, bao gobm mé
hinh chuan cua vat 1y hoc hat, nam bat dugc trat tw toan hoc trong thé gigi vi
mo cac hat co ban va thé gi6i vi mo cua vii tru so khai.

Tuy nhién, d6 chwa phai la tat ca. Gia thuyét con tién doan mdt sy that thyc
tha vi: su ton tai cac vii tru song song (parallel universes). Qua nhiéu nam,
nhiéu loai ‘vii tru da trong’ (multiverse) dwgc dé xudt, va vi 1gi ich twéng nén
phan hang ching thanh mot hé théng bon tang. Ba tang dau twong (ng véi
nhitng thé gi¢i song song phi giao lwu trong ciing mot cau tric toan hoc. Tang
I don gian c6 nghia la nhitng ving xa x6i tir d6 anh sang chwa c6 thoi gian dén
tGi ching ta. Tang II bao gom cac khu vire chang bao gio c6 thé dao dat. Tang
IT1, thwong dugce goi la da thé gidi (nhiéu thé gigi = many worlds), lién quan
t6i nhitng bo phan phi giao lwu cta khong gian Hilbert cua co hoc lvgng tw
trong d6 vii tru co thé chia cat trong khodng mot s6 bién c6 lwgng tit. Tang IV
chi cac thé gidi song song trong cac cau truc toan hoc khac nhau, kha di cé
nhitng quy luat vat Iy hoc bat dong trong co ban.

Hién nay nhitng wdc tinh t6t nhat cho thay rang ching ta can mot lwgng
thong tin khong 16, c6 1€ mot Googol (10™) bit, dé m6 ta day du quan diém cua
con éch vé vii tru c6 thé quan sat, xuéng tan vi tri cia moi ngbi sao va hat cat.
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Phan déng cac nha vat ly hoc hy vong c6 mot thuyét vé Nhat thiét don gian
hon nhiéu so v@i nhitng diéu néi trén va c6 thé dugc dinh rd véi mot so6 bit sap
x€p vira van trong mot cuén sach, néu khong trén mot 4o thun. Gia thuyét vii
tru toan hoc ham y mot thuyét don gian nhw vay phdi tién doan mét vii tru da
trong. Tai sao? Tai vi theo dinh nghia, thuyét dy 1a mét sy mo ta day da thyc
té: néu no thiéu mat so bit can thiét dé dinh ro day du vii tru cta ching ta thoi
thay thé vao do, né phai mo6 ta tat ca té6 hgp kha hitu cac sao, cac hat cét, V..V...
thé nao dé cho cac bit bd sung mo ta vii tru cua ching ta 1ap ma vii tru nao ma
ching ta & trong d6. Theo phuwong thitc dy, m6 td mot vii tru da trong c6 thé
don gian hon mo ta mot vi tru don 1é.

bay dén cyc diém caa nd, gia thuyét vii tru toan hoc ham y vii tru da trong
tang IV, bao gom trong no tat ca cac tang kia. Néu c6 mdét cau truc toan hoc
dac thu dang la vii tru ctia ching ta, va nhitng thudc tinh ctia né twong ng vai
nhitng dinh ludt vat ly ctia chiing ta, thoi moi ciu tric todn hoc véi nhitng
thudc tinh khac nhau la vii tru riéng cta n6 v6i nhitng dinh luat khac nhau. Qua
vay, vii tru da trong tang IV la can thiét, khong thé thiéu, bdi vi cac cau tric
toan hoc khong dugc “tao” ra va khong ton tai “noi nao d6”, chiing chi ton tai.
Stephen Hawking c6 lan ty héi: “Cai gi vay da thoi ltra vao cac phwong trinh
va lam ra mot vii tru dé ching mé td?” Trong trwong hop vii tru toan hoc,
khong c6 suw doi héi théi Itra, bdi vi van dé chang phai mdt cdu tric toan hoc
mo td mot vii try, ma la mot vii tru.

Sy ton tai cda vii tru da trong tang IV cling gidi dap mot cau hdi nan giai
dugc nha vat ly hoc John Wheeler cwong diéu: ngay ca khi ching ta tim ra
duwoc phuwong trinh mo6 ta vii tru ctia chiing ta mot cach hoan hao, nhung tai sao
cac phuong trinh dac thu d6, ma chang phai cac phwong trinh khac? Cau tra 10i
la cac phuong trinh khac chi phoi nhitng vii tru song song, va vii tru cta ching
ta c6 nhitng phuwong trinh ddc thu dy béi vi mang lai sy phan bd cac cau tric
toan hoc kha di ho trg nhitng quan sat vién nhu chiing ta, sy ton tai cia ching
la can cit vao thong ké.

Cau hoi cht yéu la liéu cac vii tru song song thudc pham vi cia khoa hoc
hay ching chi 1a tw bién don thuan? Trong tw than, cac vii tru song song chang
phai 1a mét hoc thuyét, ding hon la mét dy doan ctia mot s6 hoc thuyét. Bé
cho mdt hoc thuyét kha di chitng nguy (falsifiable) chiing ta khong can c6 kha
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nang quan sat va thwc nghiém tat ca nhitng dy doan, ma chi moét trong chiing la
du. Chang han, vi thuyét twong doi rong thanh cong dy doan sy vat ching ta co
thé quan sat, nhv mot phan bo vat chat trong vii tru c6 kha nang uén cong anh
sang (gravitational lensing), do d6, ching ta van tiép tuc tin cac du doan sy vat
chung ta khong thé quan sat, nhw cau tric bén trong cac 16 den (black holes).

Cudi cung, tai sao ching ta phai tin twéng gia thuyét vii tru todn hoc? Sy
phan bac cé strc thuyét phuc nhiéu nhat c6 1é la do cam thay phan tryc giac va
bat an. Tegmark cho biét 6ng pht nhan ly do dy, cho rang nguyén c¢ la thiéu
kha nang hiéu biét va phan doan gia tri cta tién héa luan Danvin. Tién hda phu
cho chung ta tryc giac chi danh cho nhitng khia canh nao cta vat ly hoc cé gia
tri song con doi vdi to tién ching ta, nhw quy dao hinh parabol cta cac da bay.
Do d6, tién héa luan Darwin dwa ra dv doan kha kiém chitng: bat c khi nao
ching ta vurgt qua tam c@ ctia con ngudi, trirc giac tién hda cia chiing ta sé tan
V0.

Néu gia thuyét vii tru todn hoc ding thoi dé la tin ming cho khoa hoc. Vi
tru toan hoc chap thuan mot sy thong nhat tot dep vat 1y hoc va toan hoc, mot
ngay nao dé cho phép ching ta hiéu biét thyc té sdu sac hon bao gid hét.

Qua vay, theo Tegmark, vii tru toan hoc véi vii tru da trong cua no6 la hoc
thuyét tot nhat vé Nhat thiét, bdi vi chang c6 dién nao cuia thyc té nam ngoai sy
truy xét khoa hoc cia chiing ta nham phat hién cac quy luat va dy trac dinh
lwgng.

Tuy nhién, mot lan nita, thuyét vii tru toan hoc di chuyén cau hoi vé vii tru.
Chung ta khong con sai lac dat cau hoi nhitng phuong trinh dac thu nao mo ta
tat ca cua thwe té. Lan nay cau hoi coi la ding sé la lam thé nao dé tinh toan
(bang con s0) quan diém ctia con €ch vé vii tru - nhitng quan sat ctia ching ta -
tr quan diém ctia con chim. Tinh todn nhw thé sé cho thay liéu ching ta da
vach r6 cdu tric thyc sy cta vii tru ctia ching ta, va giip ching ta tim ra goéc
nao trong vi tru toan hoc la nha cia chuing ta.

3.3 Y thitc 1a mét trang thai vat chat
Cac nha khoa hoc thyce sy khong néi nhiéu vé y thitc. Ching ta khong thé
nhin thdy n6 hoac cham vao né. Mac dau mot s6 nha nghién cttu da thi no,
ching ta khong thé dinh Iwgng né. Va néu ching ta khong thé do lwong dugc,
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n6 don gian c6 nghia la ching ta sé c6 mot thoi gian kho khan giai thich no.
Nhung tat ca nhitng gi ching ta biét la né ton tai. Va khong chi ton tai ma con
la nhitng phwong dién co ban nhat cia nhitng gi thyc sy lam ching ta la con
nguoi. Dé 1dp day mot s6 16 hong trong sy hiéu biét ctia ching ta vé vii tru va
tw than vat chat, cac nha nghién cttu da dé xwdng vat chat toi (dark matter) va
nang lwgng (energy) va bay gio kha di tw lwgng y thirc nhw mot trang thai vat
chat mdi.

Hoc thuyét dac biét nay nguyén lai dwgc dé xuat vao nam 2004 bgi nha vii
tru hoc va vat ly hoc ly thuyét Max Tegmark tai M.I.T.. 6ng dé nghi rang c6
mot trang thai vat chat duy nhat trong dé cac nguyén ti dugce t6 chivc dé xi ly
thong tin va gay s gia tang tinh chu quan, va cudi cung, y thitc. Trang thai vat
chat dugc dé nghi dé c6 danh hiéu la Perceptronium.

Nhw Tegmark gidi thich trong bai bao tridc khi dem in ctia 6ng: “Nhiéu thé
hé vat ly hoc gia va hoa hoc gia da nghién cttu nhitng gi xdy ra khi ching ta
gop mot sO lwgng 16n cac nguyén tr thanh nhém. Ching ta phat hién ra rang
hanh vi tap thé cta ching tuy thuéc mau hinh trong dé chiing dwgc sap xép: suw
khac biét then chét gitra chat ran, chat long va chat khi khéng nam trong cac
loai nguyén t, nhung trong sy sap xép ching. Trong bai bao nay, tdi suy doan
rang y thitc cé thé hiéu nhuw 1a mot trang thai vat chat khac. Cling giong nhu cé
nhiéu loai chat 16ng, c6 rat nhiéu loai y thitc. Tuy nhién, diéu nay khong ngan
can chung ta xac dinh (identifying), dinh luvgng (quantifying), mo hinh héa
(modelling), va cudi cung hiéu dugc nhitng thudc tinh dac treng ma tat ca cac
dang léng cuda vat chat (hodc tat ca cac dang y thitc cta vat chat) cung chia sé.

O day, Tegmark khong néi ring c6 nhitng khéi vat 1y cta perceptronium tru
noi nao do trong nao va lwu chuyén thdng qua céac tinh mach cta ching ta dé
thong tin mot cdm giac ty ¥ thitc. Ong muén néi rdng ¥ thitc c6 thé dwoc hidu
nhw 1a mot sy sap xép todn hoc - két qua ctia mét tap hgp cu thé cac diéu kién
toan hoc.

Ong lap luan ring, ciing nhw c6 mot s6 diéu kién do d6 cac trang thai vat
chat khac nhau - nhv hoi nwéc, nudc, va nwdc da - cé thé sinh khai, cling cé
thé c6 cac dang thitc khac nhau cta y thitc kha di sinh khdi.
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Tim dugc nhitng gi can thiét dé tao ra nhitng trang thai y thitc khac nhau
theo cac diéu kién c6 thé quan sat va do lwong dwgc c6 thé gitup chiing ta nam
bat dugc nhitng gi thue su dang 1a, va diéu d6 c6 y nghia gi d6i véi mot con
nguoi, con khi, bo chét, hay siéu may tinh.

Y niém ndy lay cdm hing tit cong trinh ctia nha than kinh hoc Giulio
Tononi, University of Wisconsin in Madison, nguoi da dé xuat trong nam 2008
rang, mudn ching minh cai gi d6 c6 y thitc thoi phai chitng minh hai dac diém
sau day.

Theo thuyét thong tin tich hgp (integrated information theory = IIT), dac
diém th nhat 1a mot ton thé c6 y thite phéi c6 kha nang lwu triv (storing), xi ly
(Processing) va thu hoi mot lwong 16n thong tin (recalling large amounts of
information). PBadc diém thit hai 1a théng tin nay phai duwgc tich hgp trong mot
toan thé thong nhat, do d6 khong thé chia thanh cac phan doc 1ap.

biéu nay c6 nghia la y thitc phai dwgc nam bat nhw mot tong thé, va khong
thé chia thanh cac phan doc lap. Tononi 1ap luan rang, mot tén thé hay hé
thong c6 y thitc khong chi cé kha nang lwu trit va x 1y thong tin, ma con phai
lam nhu vay theo phuwong thitc tao nén mot toan bd hoan chinh khéng thé phan
chia.

Nhw George Johnson viét trong The New York Times, gia thuyét cia Tononi
dy doén - v@i rat nhiéu toan hoc - “céc thiét bi don gian nhw mot bo diéu chinh
nhiét (thermostat) hodc mot diode quang dién (photoelectric diode) c6 thé cé
nhitng loé sang cuia y thirc - mot ty nga cht quan.

Trong tinh toan cua Tononi, nhitng loé sang cua y thitc khéng nhat thiét phai
bang maot hé thong c6 y thire, va tham chi 6ng con dé ra mot don vi goi la phi
hay <i>, ma theo 6ng, c6 thé dwgc sit dung dé do lwong y thitc nhu thé nao cta
mot thue thé dac thu.

Sau nam sau, Tegmark dé xudt hai loai vat chat c6 thé dugc xét xem can c
trén thuyét thong tin tich hgp. Mot 1a ‘computronium’, dap @ng cac yéu cau
cta dac diém thit nhat dé cé thé lwu trir, x ly va thu hoi mot lwgng 16n thong
tin. Hai la ‘perceptronium’, lam tat ca cac diéu trén, nhung theo phwong thirc
tao nén toan b khong thé phan chia ma Tononi mo ta.
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Trong bai bao nam 2014 ctia Tegmark, 6ng kham pha ra nhitng gi 6ng xac
dinh nhr nam nguyén tac co ban kha di dugc dung dé phan biét cac van dé y
thitc vGi cac hé thong vat ly khac nhw chat ran, chat 1ong va chat khi - “thong
tin (information), tich hop (integration), doc lap (independence), dong luc
(dynamics), va cac nguyén tac tién ich (utility principles)”.

Sau d6 6ng danh 30 trang dé gidi thich phwong thitc tw lwgng méi cta 6ng
vé y thitc c6 thé cat nghia quan diém doc dao cua con ngudi trén Vi tru.

Nhu blog ctia arXiv.org (e-Print archive) giai thich, “Khi ching ta nhin vao
mot ly nwéc da, chiing ta nhan thdy nuwéc 16ng va nhitng khoi nwéc da ran chac
nhu nhitng sy vat doc 1ap mdc dau ching lién két chat ché nhv mot phan cia
cung mot hé thong. Sy viéc nay xady ra nhu thé nao? Tir tat ca cac két qua kha
hitu, tai sao chung ta nhan thirc giai phap nay?”

Do 1a mot tv twdng khiém khuyét, bai vi Tegmark khong c6 mét gidi phap.
Hay doc bai viét cia 6ng xudt ban trén tap chi Chaos, Solitons & Fractals dé
nhan biét 1ap treong cta 6ng. D6 la van dé vai cai gi dé giong nhw y thitc - néu
chiing ta khong thé do lwong dwgc no luc cta chiing ta dé do lwong nd, lam thé
nao chung ta c6 thé chac chan da do lwong n6?

Theo Matthew Davidson, nha nghién ctu than kinh hoc cta y thitc tai
Monash University, Uc chau, hién nay, ching ta tuy khong biét gi nhidu vé y
thitc nhung c6 khuynh hwéng cang ngay cang ro rét rang y thirc la cai gi do6 can
phéi xem nhu & bén ngoai canh gi6i nhan loai. Ong néi: “Néu y thitc thuc sy 1a
mot tinh nang no6i bat cia mot mang lwdi tich hgp cao, nhw IIT goi y, thoi co 1€
tat ca cac hé thong phic tap - chac chan la tat ca cac sinh vat cé bo ndo - déu
c6 mot dang y thiec t6i thiéu.™

“Bang cach ma rong, néu y thirc duwgc xac dinh badi so lwgng thong tin tich
hop trong mot hé thong, thoi ching ta cling c6 thé can phai di chuyén ra khéi
bat ky hinh thitc nao caa chu nghia nhan 1€ ngoai (human exceptionalism) béo
rang y thitc la déc quyén cho chiing ta.”

3.4 Tw twéng va Cong trinh cia Tegmark

Trong bai twong thuat cudc phong van Tegmark sudt ba ti€ng dong hé qua

dién thoai di dong, trong khi 6ng nay trén dwong vé nha & Winchester,

https://thuviensach.vn



Massachusetts, sau mot hoi nghi tai Stanford University, gido sw Adam Frank,
mot nha vat ly hoc thién van ly thuyét, tai University of Rochester, New York,
cho biét Tegmark dong gop rat nhiéu trong nhitng van dé nhw do luwong chat t6i
(dark matter) trong vii tru va hiéu biét anh sang tw vii tru so khai thong tri cac
mo hinh ctia Big Bang nhu thé nao. Nhung khac vdi da s6 cac nha vat ly hoc,
Tegmark tra citu chang phai nhitng gi cac luat caa ty nhién phat biéu, ma tai
sao cO nhitng quy luat nhv vay.

Theo Tegmark, “chi cé toan hoc; do la tat ca nhitng gi ton tai.” Trong hoc
thuyét ctia 6ng - gia thuyét vii tru todn hoc - 6ng cap nhat vat ly hoc lvgng t
va vii tru hoc v&i khai niém vé nhiéu vii tru song song (many parallel
universes) cu tru tai nhiéu tang thit ctia khong gian va thoi gian. Pua ra gia
thuyét cia ong tai nga tw cua triét hoc va vat ly hoc, Tegmark da quay tré lai
v6i cau hoi 1au doi nhét trong s6 cac cau héi lau doi ctia c6 Hy Lap: Nhitng gi
l1a chan thuc?

Tegmark deo dudi cong trinh nay mac dau cé nhiéu rdi ro cho sy nghiép cta
ong. Ong thtt dén bon Ian trwdc khi mot vin ban dau tién caa gia thuyét vii tru
todn hoc dugc phép xuat ban, va khi cudi cung bai viét xuat hién, mot dong
nghiép 16n tudi canh cao rang “nhitng y niém dién cuéng” (crackpot ideas) cua
ong c6 thé lam ton hai danh tiéng cua 6ng. Nhung thic day bdi tinh lac quan
va niém dam mé, 6ng khong ngirng tién tdi.

Tegmark giai thich: “T6i biét rat s6ém néu t6i chuyén chi duy nhét vao
nhitng dai van dé nay cudi cung t6i sé di lam viéc cho McDonald. Vi thé toi
lap ra sach lwgc Dr. Jekyll/Mr. Hyde, theo phuwong thic chinh thitc va cong
khai, bat c khi nao t6i di xin viéc, t6i xuat trinh cong viéc chinh cua t6i. Va
mat kia, t6i im lang deo dudi nhitng hitng thu triét hoc hon.” Sach lwge ay
thanh cong tot dep. Hién nay, la mot gido suw tai Massachusetts Institute of
Technology, Tegmark di giita cac nha vat ly hoc hang dau thé gi6i. Sy tin
nhiém hoach dac lam hau thuan, nhitng y niém tdo bao cua 6ng bay bong, va
rat cudn hit.

Co phai lén Dai hoc roi ong méi bat dau nghi dén nhitng van dé rong
lén?
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Truong c6 mot va chi mot khoa hoc vat ly hoc lwgng ti, to6i chon 1dy mon
do, va khi dén chuwong vé do lwong t6i cam thdy thiéu cai gi do.

Ong dang no6i dén phuong thitc quan sat vién dwéng nhu kich dong sy
do lwong nhirng gi dang dugc quan sat.

bung. Trong thuyét lwgng t&* c6 mot phwong trinh xinh dep goi la phwong
trinh Schrédinger. N6 dung cai gi dé goi la ham s6 song (wave function) dé mo
ta hé thong ching ta dang nghién cttu - mot nguyén tit, mot electron, bat ci gi -
va tat ca nhitng phuwong thitc kha hitu ma hé thong kha di dién bién. Quan diém
thong thuwong cta co hoc lwgng ti 1a ngay khi chiing ta do lwong cai gi do, ham
sO song thue sw sup do, di tr mot trang thai phan anh tat ca cac két qua tiém tai
dén mot trang thai phan anh chi mot két qua: két qua ma chiing ta thdy ngay
khi hoan thanh do lwong. Sy viéc nhu vay c6 vé dién cuéng doi vdi toi. Toi
chang hiéu tai sao phai stt dung phuong trinh Schrodinger treéc khi do lwong
nguyeén t, nhung sau do, trong luc chung ta do no, phwong trinh lai khong ap
dung. Vi thé t6i 1dy hét can ddm dén go ctra xin gdp nha vat ly hoc ndi tiéng
nhat & Thuy Dién (Sweden), mot Gy vién trong uy ban Nobel, nhung bi xua
du6i. Chi vai nam sau dé t6i mdi phat giac chang phai t6i ma la 6ng ay khong
thu hiéu van dé trén.

That la mot khoanh khac tuyét voi trong su giao duc cia mot nha khoa
hoc khi ong nhan ra rang nhitng ké ay & vi tri cao ciia quyén lyc van
khong c6 tat ca cac cau tra loi. Vi thé ong mang theo cac cau héi ve
phuong trinh Schrodinger va hiéu qua do lwong khi 6ng roi Thuy Dién de
dén Hoa ky va dé lay bang Ph.D. tai Berkeley?

Do 1a noi tat cd moi sy khéi dau déi vaGi téi. Toi c6 ngudi ban, Bill Poirier,
va ching t6i danh nhiéu thoi gian ban vé nhitng y niém dién cuong trong vat ly
hoc. Bill cwdi nhao t6i vi t6i ly luan bat ci¥ mé ta co ban nao mo6 ta vii tru thoi
phai don gian. Dé lam anh dy bywc minh, t6i néi c6 thé c6 mot toan thé vii tru
khong c6 gi ngoai ra mot khéi mwdi hai mat ma ngwdi Hy Lap mo ta 2,500
nam vé trwedc. Lé tat nhién, téi chi phinh choc thoi, nhung sau do, cang suy
nghi vé chuyén nay, toi rat phan khich vé y niém vii tru thue sy khong gi khac
hon la mot doi twgng toan hoc. T do, to6i nghi rang moi doi twgng toan hoc,
theo mot nghia nao do, la mot ty ky vii tru.
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Ngay tir dau, ong da thit tim cach xuat ban y twéng cap tién ay. Ong c6
ngai liéu no sé anh hwdéng dén su nghiép cua ong?

To6i da doan trwdc chuyén dy va chi dé trinh sau khi dwgc b6 nhiém lam thuc
tap sinh hau tién si tai Princeton University. Bai viét dau tién ctia toi bi ba tap
chi tiv chéi. Cubi cung t6i c6 dugc mot bdo cdo phan doan tét tv Annals of
Physics, nhung chu bién ¢ dé tir choi bai viét cho rang qua tw bién.

Cho dé6 — diéu ay khong tat nhién xdy ra. Néu phan doan vién thich
mot bai viét, thoi thong thwong bai ay dugc thu nhan.

T6i cling nghi nhw vay. T6i rat may la ban v6i John Wheeler, mot nha vat ly
hoc ly thuyét tai Princeton va mét trong nhitng anh hung vat ly hoc vi dai nhat
cua toi, gan day da qua doi. Khi tdi dwa 6ng dy xem 14 thw tir chdi, 6ng bdo:
“'Qua tu bién’? Bah!” Sau d6 6ng nhac nhé t6i mot s6 nguyén van bai viét vé
co hoc lugng ti¥ cling bi xem nhw v6 cung tw bién. Vi thé toi viét thu kéu goi
Annals of Physics xin xét lai sy tir choi, kém theo nhitng phé phan cta
Wheeler. Cudi cung chu bién & d6 chap nhéan xuat ban.

Nhung ma, dé chiang phai la banh mi va be cia 6ng. Ong da lam luan
an tién si va thyc tap sinh hau tién si vé vii tru hoc, mét chia dé hoan toan
khac.

That mia mai khi t6i dé cap nhitng quan tam triét hoc ay la vii tru hoc, mot
lanh vire c6 tiéng la dé tan thanh manh (ilaky). Nhung vii tru hoc dan dan tré
thanh kha kinh hon, béi vi ki thuat may tinh, ky thuat khéng gian, va ky thuat
tham trac dwgc t6 hgp dé cung cap cho ching ta mot thac 16n thong tin vé vii
tru.

Hay néi dén no lyc cia ong tim hiéu van dé do lwong bang cach thiét
lap nhitng vii tru song song - hay, nhv ong goi, vii tru da trong
(multiverse). Xin ong giai thich vii tru song song.

Thé gidi da trong c6 bon tang. Ba trong do la do ké khac dé xuat va téi thém
mot tang, tang thi tu: vii tru toan hoc.

Nhirng gi la tang thit nhat cia vii tru da trong?
Vii tru da trong tang 1 don gian la mot khong gian vo han. Khong gian la vo
han, nhung khéng gian vo han - tudi chi 14 ty nam ké tir Big Bang cua ching

https://thuviensach.vn



ta. Vi thé ching ta khong thé thay toan thé ma chi m6t phan ctia khong gian -
phan t* d6 4nh sdng c6 thoi gian dé dén noi day cho dén nay. Anh sang khong
c6 thoi gian dé dén day tir moi noi. Nhing néu khong gian vinh vién tri tuc, tat
c6 nhitng vung khac giong vung cta ching ta - trong thue té, c6 mét s6 vo6 han
vung nhw vady. Dau duong nhw khong c6 mdt hanh tinh nao giong Tréai Pat,
ching ta biét trong mét vii tru v6 han, diéu d6 chac chan sé xdy ra mot lan nita.

Ong bao ring tit ca chiing ta phai c6 doppelgangers’ dau dé ngoai kia
do toan hoc ctia vo han.

Nhuw thé la kha dién, phai khong? Nhung t6i tham chi chwa yéu cau 6ng phai
tin vao bat ctt gi ky quai. T6i tham chi khong yéu cau 6ng tin vao bat ky loai
vat 1y hoc méi dién cuéng nao. Tat ca nhitng gi 6ng can cho mét vii tru da
trong tang I 1a m6t vii tru vo han - di da xa ngoai kia 6ng sé tim thdy mdot Trai
bat khac v&i mot phién ban cta chinh 6ng.

Vi vay ching ta chi ¢ tang I. Nhitng gi la tang tiép theo cua vii tru da
trong?

Tang II xuat hién néu nhitng phwong trinh co ban cta vat ly hoc, nhitng
phuong trinh chi phdi hanh vi cia vii try sau Big Bang, c6 nhiéu hon mot giai
phap. N6 giong nhw nwdc, cé thé 1a mét chat ran, mot chat 16ng, hay mot chat
khi. Trong huyén thuyét, c6 thé c6 10 loai hay tham chi vo s cac loai vii tru
kha hitu. Lé tat nhién, huyén thuyét c6 thé sai, nhung hoan toan hgp ly hay c6
1é rang thay thé né vé&i bat c gi thai cling van c6 nhiéu giai phap,

Tai sao phai c6 nhiéu hon mét loai vii tru xuat lai tiv Big Bang?

Theo vii tru hoc thong trwéng (inflationary cosmology), thuyét tot nhat vé
nhitng gi xdy ra ngay sau Big Bang, mot tiéu khoi khong gian trong vii tru ban
dau gidn nd vdi toc do nhanh hon &nh sang dé trd thanh vii tru ctia ching ta.
N6 trd thanh vii tru da trong tang I. Nhitng khoi khac cling cé thé thong
treéng, tir nhitng Big Bang khac. Pay la nhitng vii tru song song v&i nhitng
quy luat vat ly khac biét, nhitng gidi phap khac biét cia nhitng phwong trinh
noi trén. Loai vii tru song song nay rat khac d6i véi nhitng gi xay ra & tang I.

Tai sao?
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Trong tang I, sinh vién trong cac vii tru song song khac nhau c6 thé hoc hoi
mot lich st khac biét ctia riéng ching, nhung vat ly hoc cta ching van sé la
nhu nhau. Sinh vién trong cac vii tru song song tang II hoc hoi lich st khac biét
va vat ly hoc khac biét. Chung c6 thé hoc biét c6 67 nguyén t6 6n dinh trong
bang tuan hoan, chang phai 80 nhw trong bang chiing ta c6. Hay ching c6 thé
hoc biét c6 4 loai quarks thay vi 6 nhw ching ta c6 trong thé gigi cta chuing ta.

Liéu cac vii tru tang II ¢ trong cac thit nguyén khac nhau?

Khéng, ching chia sé cung khong gian, nhung chiing ta chang bao gio cé
thé giao tiép vdi chiing vi tdt cd ching ta dang bi cudn tréi khoi nhau khi
khong gian gian nd nhanh hon t6c d6 anh sang.

OK, hay tiép tuc lén tang III.

Tang III xuat phat tt* mot 10i gidi cdp tién cho bai toan do lwong dé xuét bai
nha vat 1y hoc Hugh Everett vao nhitng nam 1950. [Everett da roi nganh vat ly
hoc sau khi hoan thanh bang Tién si tai Princeton béi tai mot hoi &ng binh
thuwong doi vdi cac hoc thuyét cia 6ng.] Everett néi rang moi khi mot phép do
lwong dwogc thyc hién, vii tru chia thanh cac phién ban song song cuta ty than.
Trong mot vii tru, chiing ta thay két qua A trén thiét bi do lwong, nhung trong
mot vii tru khac, mot phién ban song song ctia chiing ta sé doc két qua B. Sau
khi do lwong, sé co6 hai chung ta.

Vi thé ciing c6 nhitng phién ban song song cua t6i ¢ tang III.

Chéc chin roi. Ong dugc tao thanh tir cac hat luwgng tit, vi vay néu cac hat d6
0 hai vi tri cung mot lic, thoi ong cling vay. Di nhién, dé la mot y niém gay
tranh bién nghi luan, va moi nguoi thich tranh ludn vé diém dy, nhung thong
dién nhw vay céi dugc goi la “nhiéu thé gidi” (“many worlds™) bao tri tinh toan
ven cua toan hoc. Theo quan diém cta Everett, ham s6 song khong sup do, va
phuong trinh Schrédinger luon luon tri hitu.

Cac vii tru da trong tang I va tang IT déu ton tai trong cung nhitng thit
nguyén khong gian nhu ctia ching ta. Liéu diéu do dang voi tang I11?

Khong. Cac vii tru song song & tang III ton tai trong mdt cau tric toan hoc
triru twgng goi la khong gian Hilbert, kha di c6 nhitng th nguyén khong gian
v0 han. Moi vii tru la thye ton, nhing moi mét trong ching ton tai trong nhitng
thi nguyén khac biét ctia khong gian Hilbert d6. Cac vii tru song song giong
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nhw nhitng trang gidy khac nhau trong mdt cudn sach, ton tai doc 1ap, dong
thdi, va ngay bén canh nhau. Theo mét quan diém, tat ca cac vii tru v6 han tang
I11 ton tai ngay tai day, ngay lic nay.

Piéu dé dwa chiang ta dén tang cudi cung: vii tru da trong tang IV lién
két chat ché vei vii tru toan hoc cia ching ta, cai “y niém dién cuong” ma
¢6 1an o6ng bi canh cao chong lai. Cé 1€ chiing ta nén bat dau & do.

Tbi bat dau véi cai gi d6 co ban hon. Ong c6 thé goi no 1a gia thuyét thuc té
ngoai tai (the external reality hypothesis), tic 1a, gid thiét c6 mot thuc té &
ngoai do, doc 1ap vdi ching ta. T6i nghi rang hau hét cac nha vat 1y hoc sé
dong y vGi y niém nay.

Cau héi sau do sé tré thanh, nhitng gi la ban than ty nhién cia thyc t&€
ngoai tai ay?

Néu mot thye té ton tai doc lap véi ching ta, né phai giai thoat khoi thi
ngodn ngl¥ chung ta st dung dé mo ta nd. can phai khéng cé hanh ly cta con
nguoi.

Toi thay noi ma ong dang huwdng dén. Khong cé nhirng tiv hay biéu thitc
dé mo ta hay nhan ro thai chi toan hoc la con lai véi ching ta.

Nha vat ly hoc Eugene Wigner viét mot luan van noi tiéng vao nhitng nam
1960 dau deé la “The Unreasonable Effectiveness of Mathematics in the Natural
Sciences” (tam dich: Tinh hitu hiéu bat hgp ly ctia Toan hoc trong cac Khoa
hoc Ty nhién). Trong luan van dé 6ng hoi tai sao ty nhién duwgc mo ta bdi toan
hoc chinh xac dén mc d6 nhw vay. Cau héi dé khéng bat dau véi Wigner. Xa
xwra nhw Pythagoras trong thoi dai ¢6 Hy Lap da c6 y niém vé mot vii tru dung
trén co sé toan hoc. Vao thé ky 17 Galileo da viét m6t cach hung hon ty nhién
la mot “cudn sdch vi dai” (“a grand book”) dugc “viét bang ngbén ngit toan
hoc.” Tat nhién phai nhac lai 16i néi cua Plato, nha triét hoc vi dai nguoi Hy
Lap, bdo rang cac doi twgng cta toan hoc thurc sy ton tai.

Gia thuyét vii tru toan hoc cia ong thich wng nhw thé nao?

Vang, Galileo va Wigner va rat nhiéu nha khoa hoc khéc sé cho rang toan
hoc triru twgng “mo ta” thuye té. Plato c6 thé noéi rang toan hoc toén tai ¢ dau do
ngoai kia nhu 1a mét thuc té ly twéng. Toi dang lam viéc & gitta. T6i c6 mot y
niém dién cuong rang ly do tai sao toan hoc mo6 ta thye té hitu hiéu dén mirc do
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chinh xac nhw vay la vi toan hoc la thuce té. D6 1a gia thuyét vii tru toan hoc.
Cac doi twogng toan hoc thyc sy ton tai va chiing thue su la thue té€ vat ly.

OK, nhung ong co y gi khi néi vii tru la toan hoc? Téi khong cam thay
nhw mét bé phwong trinh. Bita an sang caa t6i dwong nhw kha ran. Da so
khé long chap nhan sy ton tai co ban cua hg bién thanh chia dé ma ho ghét
6 truong Trung hoc.

Do6i v6i hau hét moi ngwoi, toan hoc cé vé nhw la mot hinh thite tritng phat
tan bao hodc mot tui tha thuat dé diéu khién s6. Nhung nhw vat ly hoc, toan
hoc da phat trién dé dat nhitng cau héi rong hon. Hién nay cac nha toan hoc
nghi rang lanh vyc cta ho nhw la nghién citu “cau tric toan hoc”
(“mathematical structure”), nhitng tdp hop cac thyc thé triru twgng va nhitng
quan hé giita chung. Nhitng gi xdy ra trong vat 1y hoc la qua nhiéu nam cac cau
truc toan hoc phitc tap va tinh vi hon da chitng t6 1a vo gia.

Xin ong dua ra mét vi du don gian veé cau truc toan hoc.

Céac s0 nguyén 1, 2, 3 1a mé6t cau tric toan hoc néu éng bao gom cac phép
tinh nhw phép cong, trit, va cac phép twong ty. Tat nhién cac s6 nguyén la kha
don gian, cdu tric todan hoc xem nhw vii tru cta ching ta sé phitc tap du dé cho
cac sinh vat nhu ching ta tén tai. Mot s6 nguwdi nghi rang huyén thuyét la hoc
thuyét t6i chung vé vii tru cé tén goi la thuyét vé Nhat thiét (theory of
everything). Néu diéu d6 tré thanh sy that, thoi huyén thuyét sé la mot cau tric
toan hoc phitc tap du dé tu y thitc (self-awareness) c6 thé ton tai bén trong no.

Nhuwng sy ty y thitc bao gom cam giac song dong. Diéu dé duwong nhw
kha kho dé nam bat trong toan hoc.

Dé hiéu khai niém nay, 6ng phai phan biét hai phwong thitc nhin thyc té.
Phuong thitc dau la tir bén ngoai, giong nhw tong quan cua mot nha vat ly hoc
nghién cttu cau truc toan hoc ctia né. Phuong thite thit hai la quan sat bén trong
ctia mot quan sat vién séng trong cau tric. Ong c6 thé nghi vé mot con éch
song trong canh quan (landscape) nhu la cai nhin tr bén trong va vé mét con
chim bay trén cao dang khdo sat canh quan nhu la cai nhin tr bén ngoai. Hai
quan diém nay dugc két n6i véi nhau thong qua thdi gian.

Theo phuong thitc nao théi gian cung cap mot cau noi giita hai quan
diém?
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Vang, tat ca cac cau tric toan hoc déu la nhitng thuc thé tritu twong, bat
bién. Cac so nguyén va nhitng quan hé giita ching véi nhau, tat ca nhitng sy
vat nay ton tai bén ngoai thoi gian.

Ong muén néi rang doi véi nhitng cau tric iy khong cé nhitng sy vat
nhu thoi gian?

Vang, tir bén ngoai. Nhung c6 thé co thai gian bén trong mot s6 cau truc, s6
nguyén chang phai la mot cau tric toan hoc bao gom thdi gian, nhung thuyét
twong doi cta Einstein chac chan c6 nhitng phan twong tng vdi thoi gian.
Thuyét cua Einstein c6 m6t cau tric toan hoc bon chiéu dugc goi la khong-thoi
gian (space-time) trong d6 c6 ba chiéu khong gian va mot chiéu thoi gian.

Vi vay, cau truc toan hoc xem nhv thuyét twong doi co6 mot phan mo ta
ré rang thoi gian, hoac, tot hon, la thoi gian. Nhung cac s6 nguyén khong
c6 bat ci¥ sy vat nao twong tu.

Vang, diéu quan trong can ghi nhd la thuyét cta Einstein, xét toan bg, biéu
twgng quan diém cua con chim. Trong thuyét twong doi, tat ca thoi gian da ton
tai ro6i. Tat cd cac bién co, bao gom toan bd cudc song cta 6ng, da ton tai roi
nhu la cdu tric toan hoc dugc goi la khong-thoi gian. Trong khong-thdi gian,
chang c6 gi xdy ra hay bién chuyén tai vi n6 chita tat ca thdi gian cing mot ltic.
Tt quan diém caa éch thoi gian dwong nhu dang troi, nhung dé chi la mét do
anh. Ech nhin ra va thdy mit tring trong khéng gian, quay quanh Trai Dat.
Nhung tir quan diém ctia con chim, quy dao ctia mat trang la mét xoan 6c tinh
trong khong-thoi gian.

Con éch cam thay thei gian tréi qua, nhwng tit quan diém caa chim, né
chi la mét cau tric toan hoc vinh hang, khong thé thay doi.

Su that 1a nhw vay. Néu lich s vii tru cua ching ta la m6t bd phim, cau tric
toan hoc sé khong twong tng véi mot khung don nhat, ma véi toan bo dia
DVD. biéu do giai thich sy bién chuyén c6 thé la mot do anh.

Tat nhién, co hoc lwgng t& voi nguyén tac bat xac dinh tinh
(uncertainty principle) trit danh va phuwong trinh Schrédinger ctia n6 sé
phai la mét phan cua thuyét vé Nhat thiét.

bung. Sy vat phitc tap hon chi la twong doi. Néu thuyét cta Einstein mo ta
tat ca cta Vat 1y hoc, thoi tat ca cac bién c6 sé dwgc xac dinh tredc. Nhung
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nho co hoc lwgng t, thi vi hon nhiéu.

Nhung tai sao mot s6 phwong trinh mé ta vii tru cia chang ta that hoan
hao va s6 khac thoi khong nhw thé?

Stephen Hawking da titng hoi diéu do6 theo cach nay: “Cai gi vay da thoi Itra
vao cac phuong trinh va lam ra mot vii tru dé ching mo ta?” Néu t6i ding va
vii tru chi la toan hoc, thoi khong can phai thoi ltta. MGt cau tric toan hoc
chang mo ta vii try, né la mot vii tru. Sy ton tai cda vii tru da trong tang IV
cling tra 101 m6t cau hoi lam nhitc dau thién ha trong mét thoi gian dai. John
Wheeler phat biéu theo cach nay: Ngay ca khi chung ta tim ra cdc phwong trinh
mo ta vl tru mot cach hoan hao, thoi tai sao cac phuwong trinh ddc thu nay chw
khong phdi cac phuvong trinh khac? Cau trd 10i 1a cac phvong trinh khac chi
phoi cac vii tru song song khac, va vii tru ciia ching ta c6 cac phwong trinh dac
thu nay tai vi ching chi c6 tinh thong ké, cho phép phan b6 céac cdu tric toan
hoc kha di ho trg cac quan séat vién nhu ching ta.

Pay la nhitng y niém kha rong va 16i cuon. Phai chang do la tram tw
triét hoc, hay la co cai gi dé thuc sy co thé thit nghiém?

Vang, gia thuyét nay tién doan nhiéu hon thyc té€ hon ching ta twéng, vi moi
cau trac toan hoc la mot vii tru khac. Giong nhw mat troi cia ching ta chang
phdi 1a trung tdm cuda thién ha, ma chi la mot ngdi sao khac, thoi vii tru cta
chuing ta ciing chi 1a m6t cdu tric toan hoc trong mot vii tru day cau tric toan
hoc. Tt d6 ching ta c6 thé lam tat ca moi loai dy doan.

Vi vay thay vi kham pha chi vii tru cia ching ta, chiing ta nhin vao tat
ca cac cau trac toan hoc kha hiru trong vii tru 16n hon nay.

Néu gia thuyét vii tru toan hoc la ding thdi ching ta khong con hoi nhitng
phuong trinh toan hoc dac thu nao mo6 ta tat ca caa thyce té nita. Thay vao do,
ching ta phai tim ra cach phan biét quan diém cta con éch vé vii tru - nhitng
quan sat cia chung ta - tir quan diém cta con chim. Mgt khi ching ta phan biét
ching dugc, ching ta c6 thé xac dinh liéu ching ta da vach ro cdu tric thuce su
cua vil tru cua chung ta, va giup ching ta tim ra goc nao trong vii tru toan hoc
la nha cua chung ta.

Max, day la lanh thé xa la doi véi ngwoi dan binh thwong. Trén binh
dién ca nhan, lam thé nao dé ong hoa giai viéc theo duoi tinh chan toi
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chung véi cudc song hang ngay ctia ong?

Dbo6i khi n6 kha hai hwdc. Téi sé tw lwgng vé ban than t6i chung cuia thyc té
va sau do vg toi noi, “Nay, anh quén mang thung rac ra ngoai.” Hinh anh 16n
va hinh dnh nhé vira méi cham nhau.

Vg cida ong la mot nha thién van hoc dugc kinh trong. Cé bao gio ong
noi vé chuyén ctia ong voi hai em bé con ciia ong trong budi an sang?

Ba dy cwoi nhao toi vi “bananas stuff” triét hoc cua t6i. Nhung ching t6i co
gang khong noi vé né qua nhiéu. Ching t6i c6 con phai nuoi.

Liéu cac hoc thuyét cia ong cé giip nuoi day con cai hay khong, hay
ciing tuong nhv hai thé gi¢i khac nhau?

Sy giam 1én nhau v@i cac dita bé that la tuyét voi bdi vi ching ciing dat
nhitng cau hoi giong nhu téi. Toi da lam mot bai thuyét trinh vé khong gian
cho trrong mau gido cua con trai t6i, Alexander, khi n6 1én bon. T6i cho xem
cac doan bang ha canh trén mat trang va mang dén mot tén ltra. R6i mot dira bé
gio tay 1én va noi: “Toi c6 mot cau hoi. Liéu khong gian két thiic hay di mai
mai?” “Yeah, d6 chinh la diéu hién gio t6i dang suy xét.”

3.5 Tap sach “Our Mathematical Universe” ciia Tegmark

Tegmark ndi ro thém: Pay la tam cau cua 6ng vé Ban than ty nhién chung
cuc cua Thuc t€ (My Quest for the Ultimate Nature of Reality). Sdch gom tat
ca la 13 Chuwong. Chuong 1, Loi Gidi thiéu, khéi dau véi cau chuyén vao nam
18 tudi Max Tegmark ngoi trén chiéc xe dap chang bao gio thay chiéc xe tai
can 6ng ngay tai mot nga tw & Stockholm. Tiéng né cia mot cai coi, tiéng thét
cua 16p xe va tiéng bich dang so ké tiép theo nhau rat nhanh, dap tat mot cudc
doi tré day hiva hen.

Lé tat nhién chuyén dy khong bao gio xay ra. Tién si Tegmark, nay 46 tudi,
ké lai chuyén ay trong nhitng trang m& dau tap sach “khiéu khich” nay, ngoat
ngay vao khoanh khac cudi cung va tiép tuc dén treong - va mot su nghiép hoc
thudt dwa 6ng trd thanh gido sw tai M.I.T. va xép 6ng vao hang dau cta cac nha
v tru hoc.

Nhung theo Tegmark, tai nan chét nguoi dy da xay ra. Ong viét, Diing thé.
Ngay ay ong khong bi thwong va 6ng ciling bi can chét, 6ng bi thwong nang, va
bi thwong nhe. Ong chiu dung moi két qua kha hitu, sung swéng va khdng sung
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swong, kha di xdy ra véi mot ngudi di xe dap gap phdi mét chiéc xe tai dang
chay nhanh.

Ong 1ap luan, tat ca nhitng sy viéc nhw vay da xay ra, béi vi moi sy vat kha
di xdy ra déu xay ra - trong it nhat mét trong s6 vo han cac vii tru. If It’s
Possible, It Happened. Bay qua la mot diéu xa voi thuc t€ theo quan diém cua
hau hét moi ngwdi. Y niém vé cac vil try song song, trong dé cac bién cd sai
khac v6i nhitng gi trong thyc té cia ching ta, thuwong la lanh vyce cta tiéu
thuyét huyén (Science fiction). Nhung Tegmark la mot nha khoa hoc, chang
phai 1a mét tiéu thuyét gia, va 6ng da tao ra mot treong hgp day quyeén Iy, dan
chung ta budc theo tirtng budc 16gic tir khoa hoc chinh thong tién vao mot 1anh
tho xa la vo cling.

Ching ta bat dau cudc hanh trinh bang cach khdo sat toan bo boi canh cua
cau hoi “Thuc té 1a gi? (What is Reality?) da dugc bién chuyén bai cac dot pha
khoa hoc gan day, véi vat 1y hoc lam sang té thue té ngoai tai ctia ching ta twr
quy mo 1én nhét (Ch. 2-6) dén quy mo bé nhat (Ch. 7-8). Trong Phan I cua
sach, ching ta sé theo dudi cau hoi “Vii tru ctia ching ta to 16n c¢d nao?” va tim
kiém két luan cudi cung ctia n6 bang cach di dén quy mé vii tru bao la horn,
kham pha ca nguén goc vii tru va hai loai vii tru song song, tim ra dau hiéu
rang khong gian, theo mot y nghia nao do, la toan hoc. Trong Phan II cua sach,
ching ta khong ngirng theo dudi cau héi “Nhitng gi cdu thanh moi sy vat?”
bang cach di vao mo hinh thu nhé cda vii tru vi m6 bén trong nguyén ti, xét
xem mot loai vii tru song song thit ba va tim ra dau hiéu rang cac khoéi xay
dyng cubi cung cta vat chat ciing, theo mdt y nghia nao do, la toan hoc. Trong
Phan 111 cua sach, ching ta lui buwéc, xét xem tat ca sy viéc noi trén cé y nghia
gi cho ban than ty nhién chung cuc cda thyc té. Phan Ba nay cau két mot quan
diém khoa hoc vGi nhitng y niém tw bién ctia Tegmark vé ban than ty nhién
toan hoc cua thyc té. Ching ta sé tham citu sau xa cai y niém cyc doan va gay
tranh bién nghi luan nhat ctia 6ng cho rang thiyrc té€ chung cuye la thuan tiy toan
hoc, pha v& cac y twdng quen thudc nhu tinh ngau nhién, tinh phitc tap, va
tham chi bién chuyén thanh trang thai do twdng, va ngu y cho rang c6 mot tang
th tw va chung curc cac vii tru song song. Bang cach trd vé nha, ching ta cham
dét cudc hanh trinh trong Chuwong 13. Ching ta sé tim hiéu nhitng diéu ban
luan trén c6 y nghia gi doi vai trién vong trong twong lai cia cudc song trong
Vi tru cda chung ta, cho con nguwdi chiing t6i, va cho ca nhan ban.
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Chi tiét cac Chwong trong Ba Phan cia sach:

Phan I

Chwong 2. Vi tri ctia ching ta trong Khong gian. Cac van dé vii tru. Khong
gian 16n cd nao? Kich thudc caa Trai Bat. Khodng cach t6i Mat Trang. Khoang
cach t¢i Mat Troi va cac hanh tinh. Khodng cach t6i cac ngoi Sao. Khoang
cach t6i cac Thién Ha. Khong gian la gi?

Chuong 3. Vi tri ctia chung ta trong Thoi gian. Hé Mat Troi cua ching ta
dén tir dau? Cac Thién Ha dén tr dau? Cac Vi ba bi an dén tr dau? Cac
Nguyén tir dén tw dau?

Chuong 4. Vii tru cta ching ta bang s6. Can dén: Vii tru hoc tinh xac. B6i
canh-vi ba dao dong tinh xac. Tap quan Thién Ha tinh xac. Ban do chung cuc
ctia Vi tru cda chung ta. Big Bang cua ching ta dén tir dau?

Chwong 5: Nhitng ngu6n goc vii tru cda chiing ta. Big Bang ctia ching ta c6
nhitng van dé gi? Thong trudng thao tac nhu thé nao? Lé vat cap 1é vat mét lan
nita. Thong treéng vinh hang.

Chuong 6. Hoan nghénh sy dén ctia vii tru da trong. Vii tru da trong tang 1.
Vii tru da trong tang II. Nghi ntta chitng dé on lai vii tru da trong.

Phan I1

Chuong 7. Legos vii tru (lego = tro choi lap rap). Ché tao séng. Su ky di
khong thé bi han ché. Sy thiéu hiéu biét lwgng tir.

Chwong 8. Vii try da trong tang III. Ao twéng vé tinh ngiu nhién. Kiém
duyét lwvgng tit. Niém vui dugc thdy nhitng nguwdi khac xudt ban nhitng phat
minh ctia minh trwdc khi minh cong bo. Tai sao bd ndo cta ban chang phai la
mot may tinh lwgng t? Chu thé, Doi twgng va Moi treong. Ty sat lugng tu.
Bat ha lwong tir. Vi tru da trong dugc thong nhat. Chuyén quan diém: nhiéu
thé gidi hay nhiéu tir ng{t?

Phan II1

Chuong 9. Thyc té ndi tai, thyre té ngoai tai va thuc té cong thitc. Chan tinh,
toan b chan tinh va chang cé gi ngoai chan tinh. Thyc té cong thirc. Vat ly
hoc: lién két thiyrc té ngoai tai véi thue té cong thikc.

Chuong 10. Thuc té vat ly va Thuce té toan hoc. Toan hoc, toan hoc khap
noi! Gia thuyét vii tru toan hoc. cau tric toan hoc la gi?

Chwong 11. Thoi gian la mot do twdng? Lam thé nao thyc té vat ly cé thé 1a
toan hoc? Ban la gi? Ban & dau? (va ban cdm nghi gi?). Ban & thdi diém nao?
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Chuong 12. Vii tru da trong tang IV. Tai sao toi tin vao vii tru da trong tang
IV? Bang cach nao gia thuyét vii tru toan hoc am thi vii tru da trong tang IV?
Tham hiém vii tru da trong tang IV: cai gi & ngoai d6? Ham nghia cta vii tru da
trong tang IV. Chung ta dang song trong mot sy mo hinh héa (simulation)?
Quan hé gitta MUH (Gia thuyét Vii tru Toan hoc; The Mathematical Universe
Hypothesis). Kiém nghiém vii tru da trong tang IV.

Chuong 13. Cudc séng, Vii tru cua chiing ta va Nhat thiét. Thuc té vat ly cta
chuing ta 16n c& nao? Twong lai ctia Vat ly hoc. Twong lai ctia vii tru caa ching
ta. Twong lai ctia cude song. Twong lai cta ban.

3.6 Binh luan vé “Our Mathematical Universe”

Our Mathematical Universe la mot cudn sach phi hu cu, xudt ban vao nam
2004, cua nha vii tru hoc nguwdi Thuy Dién, Max Tegmark. Pwoc viét dwéi hinh
thitc khoa hoc pho théng, theo Edward Frenkel, mot binh luan gia ctia bdo The
New York Times, sach c6 thé chia lam hai phan, khac nhau nhw ngay va dém.
Mot phan, do Dr. Tegmark, goi la “mot sy quan sat cung cap tri thitc hay y
niém hitu ich vé nhitng phat trién day khich dong méi day trong vat ly hoc
thién van va thuyét lwong t¢”. Phan kia, do Mr. Tegmark, 1a mot cudc thao luan
vé y niém gay tranh bién nghi luan cua 6ng cho rang ban than thuc té la mot
cau tric toan hoc.

Theo Andrew Liddle, binh luan tdc phdm ‘Our Math Universe’ cho bao
Nature, “cyc diém ma Tegmark tim cach dan chiing ta dén la “vii tru da trong
tang IV’. Tang nay khang dinh vii tru khong chi dugc mé ta bdi toan hoc,
nhwng trén thue té, la toan hoc. Tat ca cac cau tric toan hoc kha hitu c6 mot sy
ton tai vat ly, va goi chung, tao thanh mdt vii tru da trong quy nhap hét thay
moi cau tric todn hoc khac. O day, Tegmark dang dwa ching ta vuot xa cac
quan diém dwgc chap nhan, bién ho cho quan diém cd nhan cia 6ng vé viéc
giai thich Vi tru.”

N6i chung, nhitng nhan xét vé cuon sach day nhiét tinh déi v4i kha nang cua
Tegmark da lam cho cac chu dé khoa hoc trd nén thd vi va dé hiéu. Chang han,
Brian Rotman, binh ludn gia ctia bdo The Guardian, viét: “Tegmark, mot gido
si vat Iy hoc tai M.I.T., da viét vé sy tién tién cua vii tru hoc va thuyét lvgng tr
theo thé van xu6i than thién va thodi mai, day nhitng giai thoai tha vi va nhitng
loai suy thyc tién.”
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Phé binh vé cudn sach dwong nhw phan anh hai phé binh néi bat vé gia
thuyét vii tru toan hoc ctia Tegmark: phan bac viéc thong dién co hoc lwgng tir
nhw nhiéu thé gidi va phan bac chd nghia duy tdm tinh Plato (Platonic
idealism) cta Tegmark. Chang han, trong mot bai phé binh cudn sach, c6 tinh
cach tich cuc, néi chung, viét cho t& The Wall Street Journal, Peter Woit bao
rang: “Nhung quyén nang vi dai cta thé gidi quan khoa hoc ludn luén xuit
phat tir sy khang khang cho rang chiing ta nén chap nhan nhitng y niém can c
trén cac bang ching thyc nghiém chit chang phai trén ly luan siéu hinh hay
trén tuyén bo chan tinh ctia cdc nhan vat quyén uy.”

C0 gang can bang ca quan diém tich cuc va tiéu cyc cua tdc pham, Amir
Alexander viét cho t&@ The New York Times: “That kh6 dé néi dugc liéu vii tru
toan hoc ctia Tegmark cudi cung sé dwgc coi la mot thang lgi tinh Einstein
hodc mé6t ngd cut tinh Descartes. Nhitng két luan ctia 6ng that qua xa khoi bién
gidi cua khoa hoc chinh thong ngay nay, va khong c6 hy vong cac bang chitng
két ludn sé sém xudt hién. Tuy nhién, Our Math Universe 1a khong gi ca néu
khong gay cam kich. Lap luan cao minh va 16i td hoa mi, né chang bao gio it
hon kich thich tw duy vé nhitng bi an 1én nhat cta sy ton tai cia ching ta.

Jeremy Butterfield, mot triét gia vé vat 1y hoc tai University of Cambridge,
viét mot loat bai binh luan tdc pham Our Mathematical Universe rat day du va
sau rong. Ong viét cho Plus Magazine, mdt tap chi tai tuyén (online magazine)
ctia ‘the UK’s Mathematics Millennium Project’. Ong phdi hgp ba bai béo tai
tuyén, bai thit nhat thao luan van dé ‘Phuong trinh Schrodinger — céi gi thé?’
(Schrodinger’s equation — what is it?) do Marianne Freiberger, chu bién cta
Plus, viét vdi sy giip d& cta Butterfield. Bai thit hai ‘Duwgc lam bang toan
hoc?’ (Made of maths?) do chinh Butterfield viét. Va bai thit ba, ‘C6 chang
nhitng vii tru song song?’ (Are there parallel universes?), do Marianne
Freiberger viét sau khi phong van nha vat ly hoc Adrian Kent va triét gia vat ly
hoc David Wallace. Véi nhitng su that do sy phoi hgp mang 1ai va s hiéu biét
ca nhan, ButterField c6 mdt s6 nhan xét nhw sau vé tac gia Tegmark va tac
pham Our Mathematical Universe.

Max Tegmark khong chi 12 mot nha vii tru hoc tai ning va néi tiéng. Ong
viét mot cach ro rang va di dom vé nhitng y niém chuyén hoa tri tué ma cuén
sach cua ong giai thich: khong chi vat ly hoc cta thuyét twong déi, vii tru hoc
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va vat 1y hoc lwgng tit ma con ca cac kha nang gay tranh bién nghi luén - bén
phuong thitc chinh theo do6 vii tru 16n hon va xa la hon chung ta twéng twgng -
ma O0ng ay muon thuyét phuc ching ta chap nhan. Bén canh do, ong két hgp
khoa hoc véi nhitng giai thoai ca nhan vé doi song va thoi dai caa 6ng: tw khi
16n 1én & Sweden (Thuy Dién), téi s nghiép sau nay cta 6ng ¢ My. Vi vay,
cudn sach bat dau véi mét tai nan xe dap gan nhw chét ngudi da xay ra khi ong
con la mot thiéu nién (va cac phwong thitc co hoc lwvong ti khac nhau cé thé da
gay tr vong!); va trong sudt cuon sach, cé nhitng giai thoai khac nhau, chang
han, vé viéc gap g& nha vat ly hoc rat hap dan tai Princeton, John Wheeler.
Tom lai, that qua ly twéng cho nhitng ai thich tw truyén ly ky, pha giam nhiéu
giai thoai rat 16i cuén.

3.7 Pugc lam bang toan hoc?

Tegmark chu treong ty than Vi tru la mot cau tric toan hoc. Trong Our
Mathematical Universe, 1ap luan ctia 6ng bat dau vdéi tién dé rang thuc té ngoai
tai hoan toan déc lap véi con ngudi, véi ching ta. Néu diéu ay dung, thoi thuc
té ngoai tai phai c6 m6t mo td hoan toan khéng c6 cac thanh phan cha quan:
nghia 1a hoan toan khong c6 céac yéu to6 phat sinh ti* cac sy that sinh hoc vé
nhan thitc cia con ngwoi, hodc cac sy that van hod, hodc cac sy that vé tam ly
hoc ctia mot ca nhan.

Tegmark c6 mot cdi tén an du song dong cho nhitng thanh phan chu quan
nay. Ong goi chiing 1a "hanh 1y": ti* ¢6 y nghia gdnh ning hoic 16i 1am trong
mo ta thién nhién cta ching ta do nhitng thanh kién tir lich st sinh hoc, van
hod hodc c4 nhan cta chiing ta. Ong c6 mot phép an du séng dong hon cho nd
lyc loai bo cac thanh phan chi quan nhw vay tir mé ta cta ching ta vé ty nhién:
no lyc ma khoa hoc, dac biét la vat 1y hoc, da ting tao ra va nén tiép tuc thuc
hién, dé vugt qua cac thanh kién. Vi vay, ong kéu goi loai bo cac thanh phan
cht quan "giam phu giup hanh ly"

. Mot mo ta thé giéi ma khong c6 hanh 1y, theo luan cit ctia 6ng, 1a thuan tay
toan hoc. N6 bao gom céc thuc thé triru twong va cac moi quan hé gitra ching.

Mot khi hanh ly bi twéc di, ching ta sé khong con gi ngoai toan hoc. Vi vay,
Tegmark cho thdy ching ta nén két luan rang thé gidi la mot cau tric toan hoc.
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Butterfield trd 16i 1ap ludn trén nhu sau. T6i dong y rang khoa hoc, dac biét
la vat 1y hoc, da tirng c6 nhitng no Iyc lién tuc dé vurgt qua nhitng sai 1éch nhan
thitc khac nhau do két cdu cht quan (sinh hoc, van hod hodc ca nhan). Té6i
cling dong y rang dé dat dwgc tién bo trong twong lai, ching ta phai ky vong
vat ly hoc tiép tuc nhitng no6 lwc nhw vay. Nhiéu nha khoa hoc khac, dac biét la
cac nha vat ly hoc, va triét hoc, sé dong y véGi diéu nay. T6i cling tin rdng thyc
té ngoai tai la doc 1ap v6i con nguwoi ching ta - trong triét hoc, y niém nay
thwong dwgc goi la chil nghia hién thuc (realism) - va gia thuyét thuc té ngoai
tai ham y rang thyc té phai c6 mét mo ta hoan toan khong c6 cac thanh phan
chu quan, tir d6 dan dén két luan: ‘Vii tru Ia mot cau tric toan hoc’. D6 la diéu
toi khong dong y. Mot mo6 td hoan toan khong c6 cac thanh phan cht quan
chdng ham y rang ‘ Vil tru la mét cdu tric todn hoc

No6i cach khac, thong diép ctia Butterfield la: phan biét! Chuing ta phéi phan
biét gitta toan hoc ng dung (con goi la vat 1y hoc ly thuyét) va toan hoc thuan
tay.

3.7.1 Toan hoc itng dung

Toan hoc tng dung cung cap - hodc it nhat la nham muc dich cung cép -
nhitng mo6 td dung ctia nhitng hién twgng thyc nghiém, dac biét la hién twong
vat ly, dugc dat trong khong gian va thoi gian. Nhung "ding" khong c6 nghia
la "hoan chinh". Vi dy, t6i do tran ly sita cta t6i va sita lan trén ban. Toan hoc
tng dung thanh céng m6 ta né chdy nhu thé nao theo phuwong thitc s6 lwgng
vat ly lién quan, chang han nhw vi tri, van toc va mat do cua cac khoi lwong
nho cua sita. Nhung ching ta bo qua vo s chi tiét, chang han két cdu nguyén
tir clia stta. Tat nhién, diéu nay dwgc thye hién bang cach tao mau (modelling)
stta bao gom cac khéi lwgng du 16n dé chita nhiéu nguyén ti (va do do, hy
vong khong bi anh hwéng bdi hién twgng nguyén tir); nhung cling nho theo
nhitng tiéu chuan ctda con ngudi, cia ching ta, vi vay sita dwong nhw lién tuc
trong cdu truc cua né

Tinh nang quan trong cta vi du nay la dé cdp dén "s6 lugng vat ly lién
quan": vi tri, van toc va mat do. Tat nhién, dé 1a mot trong nhitng vinh quang
16n cua vat ly hoc ké tiv ngay Galileo da gidi thiéu cac s6 lwgng méi va tinh
ché cac so6 lugng cii - doi khi theo nhitng cach rét tinh té. N6 da két hgp méi va
cli vao mot tap hgp cac luat va cac phwong phap ma mac dau c6 thé sai lam, va
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thue sy thay doi suét nhitng thap ky qua - da di ti thanh c6ng nay sang thanh
cong khac, ca vé su hiéu biét 1y thuyét va sy duw doan dinh lwgng thuc nghiém.

Ching ta da di mot quang dwong dai tir "cac tam giac, vong tron, va dé hinh
hinh hoc khac” cua Galileo. Trong thdi cua ong, that 1a hgp 1y khi ky vong
rang vat ly hoc cé thé diéu hanh chi véi khai niém hinh hoc (nhw dwgc thira
huwéng tir ngwoi Hy Lap) va c6 thé thém mot chit niva - chang han nhw cac y
twdng ve tiép xuc hodc va cham, va khéi lwgng va/hay mat do. Nhung diéu do
da khong xay ra. Tri twédng twong cta thién nhién vugt xa tri twdng twong
ching ta! Vi vat ly hoc tiép tuc nghién cttu cac linh vic méi ké tiép cua hién
twgng, nén né phai dwa ra mot trinh ty cac s6 lwgng méi (va cling phai tinh
chinh céc s6 lugng cii).

D6 la nhitng so6 lwgng vat ly dac thu (va tat nhién, cac tri cua ching doi véi
hé théng dwgc mo td) dugc dé cap dén bdi cac ky hiéu trong cac phwong trinh
vat ly hoc.

Vi vay dé tong hgp: ngay nay, chiing ta nén sita lai cau néi cua Galileo.
Thay vi "Ty nhién la mot cuén sach viét bang ngén ngit toan hoc", chiing ta
nén noéi: "Ty nhién la mot cudn sach dwgc viét bang ca phap cua toan hoc,
nhung vdi nglt nghia cta vat ly".

3.7.2 ... so v0i toan hoc thuan tay
Toéan hoc thuan tuy la gi? Butterfield c6 y gi khi trong doan trén thot 1én:
"phan biét!"?

Vao gitra thé ky XIX, cé nhiéu ly do dé xuat hién y niém cho rang toan hoc
la nghién cttu cac cau tric tuy y. Néi cach khac: moi ngwdi bat dau suy nghi vé
toan hoc nhw 1a nghién cttu hdu qua ctia cac quy tac tiy y ma mot nha toan hoc
gia dinh la chi ph6i mét lanh vire cac yéu t6 nao d6. Nhitng quy tac nay la trtvu
twgng theo nghia chi c6 hanh vi vé mat cau tric la dang ké; va cac yéu to la
tritu twgng theo nghia khong c6 gi dugc gia dinh vé ban than, hodc vé nhitng
twong hd quan hé, ngoai trir viéc chiing tuan thu cac quy tac da cong bo.

Hinh hoc cung cap mdt vi du. Mot hinh hoc bao gom mot tdp hgp cac doi
twgng (diém, dudong va mat phang, V..V...) va mdt so su that co ban vé cac doi
twgng nay (chang han, thong qua bat ky hai diém nao ta c6 thé vé mot dudng).
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Nhung cé nhiéu cdu tric khac nhau dap ng cung sy mo ta d6. Mat phang hai
thi nguyén quen thudc phat sinh mét hinh hoc hoan hao giéng nhw bé mat cia
qua cau ciing thé, v6i cac vong tron 16n dong vai tro cua cac duong thang. Ca
hai cdu tric vé co ban khac nhau, it nhat 1a bgi vi cac tam giac c6 hanh vi khac
nhau: trén mat phang, cac goéc cia ching cong lai luén luon la 180 do, trong
khi trén mat cau tong cong ba goc 1én hon 180 do vi tam giac phinh ra phia
ngoai.

Vao thé ky XIX, cac nha toan hoc ciing phat hién ra mot loai hinh hoc thi
ba, dwgc goi la hyperbolic, trong do6 tong cong cac géc tam gidc la duwdi 180
do. N6 mo td mot khong gian ching ta khong gap trong cudc song hang ngay.
Phat hién nay budc cac nha toan hoc phai phan biét gitta hinh hoc thyc té cia
khong gian vat ly - mot van dé thuwc nghiém dugc tiét 16 bdi hanh vi cta cac
thudc va thude do goc - va y niém vé mot hé thong hinh hoc thuan tiy - cé thé
nhat tri, va dang nghién cttu, mac dau né khong mo ta khong gian vat ly.

3.7.3 Hai nghia caa “la” ("is"

Do d6, ching ta di dén y niém hién dai vé cau tric toan hoc thuan tiy: né
bao gom mot tap hop cac doi twgng, dwgc trang bi mot s6 thudce tinh va quan
hé gia dinh, chang han, m6t phép nhan tuy thudc vao mot s6 quy tac. Cac doi
twgng, thudc tinh va quan hé tat ca déu tritu twong theo nghia 1a khong cé gi
duwgc gia dinh vé ban than ctia ching, ngoai triv hanh vi dwgc gia dinh bai cac
quy tac. Piéu quan trong doi vdi ching ta la sy twong phan cha yéu doi vdéi
toan hoc ng dung va cac cdu tric cta né: trong toan hoc thuan tiy cac so
lwgng vat ly khong dwoc dé cap.

Suv khiém khuyét ndi dung* ctia mot cau tric toan hoc thuan tiy hoan toan
twong thich vGi y niém rang céi gi d6 c6 ndi dung, chang han, cai gi d6 de cap
cac so lugng vat ly, la mot si 1€ (instance) ciia mét cau tric toan hoc thuan tay.
Vi du, & day t6i dang ton tai v6i vo s thudc tinh cuda t6i, vé kich thwdc, hinh
dang, khoi lwgng, nhiét do, V..V... Day la gia dinh t6i vGi v0 s6 thudc tinh va
quan hé - tong khoi Iwgng cta ching t6i, ngwdi nay map hon ngudi kia,

nguwoi kia dang & giita hai nguwoi khac, V..V.... Tat ca nhitng diéu ay déu c6
noi dung. Nhung t6i cling la mot sy 1€ cia nhiéu thudc tinh triru twong khong
c6 ndi dung: vé so, nhé thua hai, chang phai la mot phwong trinh, V..V.... Va
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twong tw nhw vay, gia dinh t6i nhw mot tap hgp cac doi twgng la mot sy 1€ cta
nhiéu thudc tinh va quan hé tritu twgng khong c6 ndi dung: vé so, 16n hon hai,
hinh thanh cac nut trong mot cay gia dinh, V..V....

Nhung trong khi cai gi d6 c¢6 ndi dung c6 thé la mot sy [é cua mot cau tric
khong c6 ndi dung, n6 khong thé dugce coi la ngang bdng véi cdu tric do. "La"
cta sy dong nhat (identity), nhw trong a = b, khong phai 1a "la" ctia phép that 1é
(instantiation), nhw trong "Max la cao 16n". Néu thyc sy a = b, thdi a va b c6
noi dung nhw nhau, néu c6 (theo bat ky nghia nao cta "ndi dung" tuy thich). Vi
chi c6 mot thyc thé a, cling dugce goi la b. Nhung trong treong hop cia "Max la
cao 16n", Max c6 thé c6 v6 s6 thudc tinh, cé ndi dung nhw s@ nguyén (theo bat
ky nghia nao), khéng duwgc chon trén, hodc chang duwgc ma hoé bai, hay khong
phai m6t phan y nghia ctia, vi ti "la cao 16n".

V6i nhitng thao luan trén, phé binh cua Butterfield vé tuyén bo “tw nhién la
toan hoc” tyu trung rat don gian nhung rat quan trong chi c6 mét van dé: phan
biét gitta "la" ctia sw dong nhat (identity) va "la" cta phép that 1é
(instantiation). Butterfield cho biét 6ng rat vui khi thira nhan thé gigi chiing ta
dang song trong do6 thdt I¢é (instantiate) mot cau tric toan hoc, nhung 6ng phu
nhan n6 la mot cau tric toan hoc.

3.8 Cé chang nhifng vii tru song song?

Co vii tru song song khong? Cac vii tru trong do, thay vi doc bai bao nay,
ban dang ngu say, trong d6 ban dang hanh phic, bat hanh phic, giau hon,
nghéo hon, hoac tham chi chét? Cau tra 10i la "c6 thé". D6 la mot chu trwong
gdy tranh bién nghi ludan nhung mot chu trwong da gianh dwgc ngay cang nhiéu
nguoi ung ho trong vai thap ky qua.

Nguon goc ctia sy song song nay nam trong vat ly hoc cta lwgng rat nho.
Vao dau thé ky XX, cac nha vat ly hoc da phat trién co hoc lwgng t dé tim
hiéu thé gigi ¢ nhitng quy mo nhé nhat. Ly thuyét cho thdy trong thé gidi nho
bé nay thuc té la 16 m@. Cac hat nho, chang han, nhw cac electrons, khong can
phai ¢ day hay & do, ching c6 thé & nhiéu noi cung mét lic. Va ching ciling c6
thé dong thoi s@ hitu nhitng thudc tinh khac ma ching ta thwong xem nhw ho
twong loai trv (mutually exclusive). Khi diéu nay xdy ra, cac nha vat ly hoc noi
rang cac hat nam trong mét sy chong chdp cta mot s6 trang thai khac nhau.
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Céc thi nghiém da xac nhan rang su chong chap la c6 that. Ngay cé cac phan t
16n nhu qua buckyball, gom 60 nguyén tir cacbon, thuc sy c6 thé & nhiéu noi
cung mot luc.

MGt cau hoi hién nhién xuat hién: Tai sao, khi t6i tim kiém mot hat, t6i luén
lu6én chi thdy né & mot noi? Pay la bai todn do lwdng noi tiéng cua co hoc
lwgng tit. Sang o hon, vi tat cad ching ta déu lam bang hat, tai sao ty than
chting ta luén luon chi & trong mot cho?

Co hoc lugng tir khong dwa ra mot cau tra 16i cho cau hoi ay. Mot kha thé la
vi hoc thuyét khong cho ching ta hinh dnh day du. Co6 1& c6 mdt co ché khac
trong ty nhién, ma ching ta chwa duwgc biét, budc thue té€ phai nam bat chinh
xac mot trong so6 tat ca cac trang thai chong chap khi chiing ta thuc hién phép
do. Thyc té c6 thé 10 md & nhitng quy mo6 nho nhat, nhwng ngay khi c6 cai gi
dé6 16n hon can dv vao, - mot thuwe nghiém gia hodc mot thiét bi do lwong - thoi
n6 bi ép theo chi mot con duwong. Adrian Kent, nha vat ly hoc lwgng t cta
University of Cambridge, n6i: "Néu ban nghi c6 céi gi d6 phu gia (extra), thoi
ban c6é van dé mo ta nhitng gi la vat phu gia d6.” "Lam thé nao mo ta né theo
phuwong thitc toan hoc, lam thé nao c6 thé trac nghiém no6 theo phwong phap
thire nghiém? D6 la mot chwong trinh nghién citu rong 16n dang dién ra."

3.8.1 Hiéu toan hgc theo nghia den

MGt kha thé khac l1a c6 1€ tat ca cac két qua kha hitu cia mot phép do lwong
déu thuc ton nhw nhau (equally real): khi ching ta thyc hién phép do lwong,
chang han dé xem mot hat & dau, thé gidi chia thanh cac nhanh khac nhau.
Trong moi chi nhanh mot ban sao ctia ban sé thdy hat & tai mot trong s6 nhitng
vi tri kha hitu.

Y niém nhiéu-thé gidi (many-worlds) ndy dwoc dé xuat dau tién bdi nha vat
1y hoc Hugh Everett trong luan éan tién si ctia 6ng xuat ban nam 1957. N6 c6 vé
dién r6, nhuwng né bat nguodn tir cac phép toan can nguyén cua co hoc lugng ti.
Céac phwong trinh cta co hoc lwgng tit khong chi ra rang cai gi dé dac biét phai
xdy ra tai diém do lwong, vay tai sao khong dé ching thao tac subn sé theo
cach cua ching va xem nhitng gi xay ra? David Wallace, mot triét gia vat ly
hoc tai University of Oxford, gidi thich: “Toan hoc sau d6 ndi vdi ching ta
rang néu mot hat 1a [trong sw chong chdp caa hai trang thai A va B], ngudi
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thue hién phép do sé di vao mdot sy chong chap cua su thdy hat trong [trang
thai A] va su thay hat trong [trang thai B]” Vi vay, sy chong chap vi m6 bién
thanh sy chong chap vi mo.

Nhung trong khi khong quyét dinh gitta A va B, toan hoc cling khong pha
tron ching vuot qua sy nhan thite. Biéu thitc toan hoc mo ta tinh huéng c6 thé
chia thanh hai phan, m6i phan m6 tad mét thé gidi trong d6 ngudi thi nghiém
nhin thdy chinh xac mot trong hai kha nang. Néu hiéu biét theo nghia den, thoi
phai thira nhan rang thyc té da chia ré.

3.8.2 Vii tru phan nhanh

Nhung lieu mot nha vat ly hoc thwc hién mot phép do lwong la sy vat duy
nhat kha di lam cho thyc té phan chia? Cau tra 16i la khong. Po lwong mét hé
thong chong chap la mot twong tac véi hé thong do va cé nhitng qua trinh vat
1y hoc khac kha di twong tac v4i né nita. Chang han, céc tia vii tru c6 thé don
vao trong mot s chong chap di theo nhiéu hwéng khac nhau cing mot lic.
Néu mot trong nhitng hwéng nay xuyén qua mot thuy tinh trén trai dat, thi tac
dong cua tia sé dé lai mét vét quy dao trén thuy tinh. Nhw vay, thay tinh do
lwong c6 hiéu qua vi tri cta tia vii tru. Va bdi vi tia & trong sw chong chap cua
sy xuyén qua va sy khong xuyén qua thuy tinh, cho nén thuy tinh & trong sy
chong chap ctia s c6 mot vét quy dao va su khong c6 mot vét quy dao. Va do
do, theo cach giai thich cta Everett, thic té phan chia.

Nha vat 1y hoc Erwin Schrodinger da nghi ra mot thyc nghiém tw twéng
(thought experiment) noi tiéng trong d6 mot con méo trong mot hp nam trong
sw chong chap cua hai trang thai: chét va con song. Theo cach giai thich cta
Everett, khi ban m& hdp va quan sat con meo thé gid¢i chia thanh hai nhanh:
trong mot nhanh, con méo chét va trong nhanh kia, con séng.

Vi sy can thiét d€ mot quan sat vién bi loai, chiing ta c6 thé twéng twgng
tro choi phan nhanh nhuw da tiép tuc tiv dau cta thoi gian. "[Theo quan diém cta
nhiéu-thé gidi] sy that nay da xay ra ngay tir Big Bang", nha vat 1y hoc Adrian
Kent noéi. "Vii tru khéi dau c6 1€ trong mot trang thai lwgng tir don gian, nhwng
n6 nhanh choéng tré thanh sy chong chap cta rat nhiéu mo ta khac nhau cua Vi
try, cda rat nhiéu ciu hinh cta cac thién ha. Trong mot s6 nhitng nhanh nay trai
bat c6 kha nang hinh thanh va trong mot s6 nhanh khac, khong c6 kha nang
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hinh thanh. Va trong mét s6 noi trdi Pat dwge hinh thanh, ching ta c6 kha
nang tién hoéa va trong mot so noi trai Bat dwgc hinh thanh, ching ta khong co
kha nang tién hoa.

3.8.3 Rat vui dugc gap t6i?

Nhung tai sao ching ta chang bao gi¢ nhan thitc dwgc nhitng ban sao khac
cta chinh chiing ta? Tai sao ching ta khong bao gid thidy cac vat 16n nhv ta
lanh hodc dan ching & nhiéu noi cing mot lic? Co thé noi, dé thuyét nguyén
thay ctia Everett khong thé gat bé nhitng thac mac nhw vay. vé nguyén tac,
thuc té c6 thé phan chia mot cach sai lam dé ngudi thit nghiém c6 thé nhin thay
mot electron & vao mot vi tri ky quai khong xac dinh. Nhung Everett da khong
tinh dén thé gidi bén ngoai. Ngay khi electron twong tac véi thé gidi bén ngoai,
vdi cac photon hoac tia vii tru dang vut qua, bat ky sy giao thoa nao nhan thay
duwgc gitta cac trang thai "dién t& & vi tri A" va "dién t& & vi tri B" sé dan dan
tran vao thé gigi rong hon va tan ra. Giong nhw nhitng gon séng gay ra b&i mot
hon da ném xudng hé bién mat dan khi ching lan ra, do d6 sy giao thoa tré nén
qua nho va khong thé nhan thay dwoc - va ngwoi quan sat chi thay mot két qua
xac dinh khi nhin vao electron. Qua trinh nay, dugc goi la sy tiéu tvong giao
(decoherence), xdy ra cwc ky nhanh, trong vong mot phan cta gidy, vi vay
ching ta chang bao gio biét dén né.

Vi moi ngwoi va ti lanh twong tac véi vo s6 cac hat moi thoi moi khac, su
tiéu twong giao ddt co sd vitng chac cho chiing trong mét thé gidi chi c6 don
nhat mot vét quy dao: ching & day hodc ¢ d6. Néu ching ta dang doi phé vai
cai gi dé cyc nhd, nhw mot dién t, thoi ching ta c6 thé ¢o 1ap no tr thé gidi
bén ngoai da dé quan sat sy chong chap. Chang phai nhin n6 mot cach truc
tiép, nhung dé né mot minh va sau do6 tim kiém nhitng dau hiéu bao cho biét
sw chong chap da phai xay ra - d6 chinh la phwong thitc cac nha khoa hoc lam
thé nao dé c6 kha nang xac nhan rang né ton tai. Triét gia vat ly hoc David
Wallace gidi thich: “Nhwng hé thong cang 16n thdi cang kho c6 lap né véi moi
treong bén ngoai. Vi vay, cang lic cang kho phat hién ra rang nhitng gi chiing
ta co la hai sy tinh twong tac thay vi chi c6 mot sy tinh.”

3.8.4 Cai toi nao thyc ton?
Tat ca cac diéu trinh bay trén c6 y nghia gi doi véi ching ta? Kent néi,
“Theo quan diém cta Everett [tat cad cac chi nhanh khac nhau] déu dang & do6
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trén thyc té. Co rat nhiéu ban sao cua chiing ta va chang c6 nghia gi dé hoi
nhitng ban sao nao thyc ton. C6 mot ban sac dan cha trong so nhitng ban sao
do, tat ca ching déu c6 gia tri nhw nhau. Chung ta c6 cung nhitng ky tc [nhw
tat ca cac ban sao khéc cta chiing ta] cho dén diém ma ching ta phan chia. Sau
dé6 c6 thé cé nhitng khac biét rat nho gitra cac ban sao cta ching ta, hodc [sau
mot thoi gian] c6 thé cé nhitng khac biét rat 16n.”

Kent, chang phai la ngwoi dé xwéng quan diém nhiéu-thé gidi, cling chi ra
rang quan diém do phdi c6 nhitng hé qua sau sac doi véi thai do sinh hoat ctia
ching ta. Quan diém nhiéu-thé gigi c6 thé khong hap dan véi 1é thong thwong
nhung nhitng ngudi dé xwdéng né ca nggi tinh wu nha khoa hoc ctia n6: n6 y ¢t
vao cac toan hoc hién hitu cia co hoc lwgng tr. Ching ta khong can phat dong
“cai gi do6 phu gia” bi an hinh thanh thyc té ttr mot trang thai chong chap sup
do bién thanh mot trang thai xac dinh don nhat. Wallace néi, “Chang c6 mot
dinh dé m@&i hay mot nguyén tac vat ly hoc méi. D6 la nhitng gi xuat hién ti
viéc 4p dung hoc thuyét ching ta cé va xét xem né mot cach nghiém tic.”

3.9 Jeremy Butterfield binh luan “Our Mathematical Universe”

Thong diép ctia cudn sach nay la vii tru 16n hon va xa la hon ching ta c6 thé
twong twong. That vay, no 16n hon va xa la hon theo nhitng phuwong thitc ching
ta c6 thé chang hé nghi dén. Tegmark lap luan rang né 16n hon va xa la hon
trong bon phuwong thitc chinh, mo6i phuwong thitc dwgc xay dung trén phirong
thitc ngay truedc d6. Moi phuong thic biéu twgng cho mot mé rong rong 16n
ctia cai ma chung ta thuwong goi la vii try, nhung 6ng dé nghi nén st dung tw vii
tru da trong (multiverse) dé goi caic mé rong nay. Do do, 6ng goi phuong thitc
chinh dau tién 1a vii tru da trong tang I, phwong thitc chinh thi hai la vii tru da
trong tang II; va c nhu thé cho dén khi ching ta tGi tang I'V.

3.9.1 Vii tru da trong tang I

Tang I kha gidng v6i y niém rang cé thé, khi ban sinh ra, ban la mot trong
cap song sinh - nhung nguwdi anh em sinh doi kia da tach ra khéi ban khi sinh
ra, dugc dwa di rat xa, dé ban chang bao gid cé co hoi anh em gap nhau. Ngoai
trir v6i treong hgp Tang I cia Tegmark, viéc sinh ra néi & day khong phdi cta
ban, ma la cta vii tru!
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N6i nhu trén titc 1a dva ra y kién: ngay lic Big Bang, c6 thé cé nhitng manh
vat chat di theo hwéng khac doi vai tat ca vat chat ké tuc hinh thanh thién ha
cta chung ta - va hon thé nita, theo mot hwéng khac doi vai tat ca vat chat tao
ra vii tru hién gio chung ta c6 thé quan sat - hodc tham chi, sé quan sat mai
mai. CO thé thé dugc khong?

Vang, Big Bang la mot cha dé kho dé tim hiéu chi tiét! Nhitng cai khung dé
hiéu biét nd, duwgc goi la vii tru hoc thong trieéng, tra 16i: "Vang, né la nhuw vay
- va khong chi c6 mét vai ‘cap sinh doi bi mat’ cua nhitng bit vat chat ban so,
ma thuc ra 6 nhiéu v6 s6: moi cap phong to chang bao gio dwgc nhin thay bdi
chung ta, va ciling chang bao gio dugc nhin thay béi hau nhw tat ca cac bit khac
nhw vay cua vat chat - hay diung hon, béi bat ky quan sat vién nao nhitng bit
ctia vat chat cudi cung c6 thé tu hgp thanh.” Vay vii tru hoc thong trwéng de
nghi ‘phan tan cac bé so sinh ra khoi nhau’ trén mot quy mo vii tru thuc sy!

Nhung chiing ta nén tin twéng vao vii tru hoc thong treéng dén mirc nao? Co
tin tot va tin x4u. Tin tot 1a trong ba mwoi nam ké tir khi y niém thong treéng
lan dau tién duge phat minh (khodng nam 1980), n6 da c6 nhiéu thanh cong ly
thuyét va tham chi nhiéu thanh cong quan sat. Rat nhiéu thanh cong, bay gio
no6 la quan diém chinh thong ctia cac nha vat ly hoc vé vii tru so khai. Tin xdu
1a, cling nhw moi khi, chiing ta ciing nén lang nghe nhitng 16i khuyén than
trong, tiéng ndi cua chui nghia hoai nghi. N6 ndi: ching ta phai phan biét gitta
cac su that da dwoc thiét 1ap va cac tu bién.

Butterfield xem ddy la 10i canh bdo dau tién cia mot s6 16i khuyén than
trong khi 6ng tién hanh thong qua cac tang ctia Max. T4t nhién Tegmark viét
véi mot phong phwong thite bién ho nhiét tinh. Nhung véi von liéng la ngudi
dwgce tin nhiém, Tegmark nhiéu lic cling ngtrng nghi dé nhan manh rang cac
1ap trwdng cua ong dang gay tranh bién nghi ludn va ciing dé gidi dap chi tiét
nhitng phan bac kha hitu, hodc nhitng binh luan thwc té€. Vi du, 6ng tra 10i
George Ellis trong cac trang 360-336.

Ciing nén lwu y rang cac tranh bién nghi luan pho bién rong rai trong s6 cac
nha vii tru hoc noi tiéng. Vi du, mot binh luan méi day vé thong truéng (va cu
thé caa thi nghiém BICEP2 gan ddy) ctia Paul Steinhardt két ludn rang “mo
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hinh thong treéng vé co ban la khéng thé kiém chitng dugc, va do d6 khong
c6 y nghia khoa hoc” (Nature, vol 510, 5 June 2014, trang 9).

bong y: vii tru hoc hién dai da xac 1ap rang tat ca vat chat trong vii tru ma
hién gio ching ta c6 thé quan sat da mot lan & trong mot qua cau Itta néng, day
ddc, cé kich c@ cia hé mat troi. Sy xac 1ap nay la két qua cta sy két hgp cac
quan sat vii tru chinh xac, vai cac ly thuyét vat ly hoc dwgc thiét 1ap, dac biét 1a
thuyét twong doi rong, va mé hinh chuan vat ly hoc cac hat tir 40 nam nay
ding vitng qua vo so trac thi, chang han, tai LHC tai CER.N, Geneva. Vi vay,
‘m6 hinh chuan’ c6 nghia la treong lwgng t¥ ctia ching ta thuyét minh vé mat
ly thuyét cac hat nhu electron va quark van hanh nhw thé nao ¢ cac nang lwgng
ching ta c6 thé tiép can. Nhitng nang lwgng nay da dat dugc trong vii tru so
khai c6 kich c& ctia hé mat troi, khodng 10” gidy sau Big Bang. Vi vay, su khé
hop gitta vii tru hoc va thuyét treong lwgng tr & nang luwgng cao chac chan la
mot thanh twu khoa hoc ky diéu.

Bén canh do, cac thuyét ctia ching ta m6 ta qua cau ltra néng, day dac c6 thé
duoc ngoai suy lui xa hon nita. Nhung khi ban kinh tré nén nhoé hon, nhiét do,
mat do va nang lwgng tré nén cao hon, chung ta roi bé nhitng sy that da duoc
thiét 1ap va budc vao cac linh vy tw bién. Va trong thoi ky ma thong treéng
dwgce cho la da xdy ra, chiing ta chac chan da vugt xa lanh vue caa vat 1y hoc
da dugc thiét lap. Nghia la, néi cho ding, ching ta da vuot xa nhitng nang
lwgng & d6 ching ta biét ca thuyét twong doéi tong quat, va mo hinh chuan vat
ly hoc céac hat. That vay, vao cudi thoi ky thong trieéng (néu c6 mot!), ban kinh
cta toan thé vii tru hién hitu c6 thé quan sat chi vao khoang 1 mét - wow!

Nhung Max c6 mot dé nghi khac kha di chuyén héa tam tri con ngudi. Mot
s6 mod hinh théng truéng dé nghi c6 vo so cac vii tru nhu vay, nhung bay gio
ching bat kha twong ho phat hién (mutually undetectable). Néu qua that nhw
thé, thoi tuong nhw khéng cé gi dé ngan chdn bat ky tinh hudéng cu thé nao ma
ching ta tin rdng da xdy ra, dang dién tién duwdi hinh thitc mot ban sao trong
mot thé gidgi khac cua vii tru da trong. Qua vay, duwong nhw khong c6 gi dé
ngdn chdn tinh huéng dang dién tién dwdi hinh thitc mot ban sao, xuyén qua
bat ky bao nhiéu lan toan b6 cac vii tru. Qua vay: tham chi v6 han nhiéu lan.
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Hay 14y cudc chién Waterloo (15 thang Sau - 8 thang Bay 1815) lam vi du.
Ban dau, Napoleon Bonaparte chi huy quan doi Phap, nhung 6ng rdi Paris sau
khi 6ng thua tran tai Waterloo. Theo trén, khéng c6 gi dé ngan chdn bat ky tinh
hudng cu thé nao, nhw Napoleon chién thang tai Waterloo, xuat hién vo6 s6 lan
trén vii tru da trong. Va nhitng gi sinh khdi trong mot tinh huéng ma ta cho
rang da xdy ra, cling sinh khéi trong cac tinh huéng ma ta cho rang khong xay
ra. C6 nhiéu phwong thitc kha hitu theo d6 Napoleon c6 thé gianh dwgc chién
thang tai Waterloo ciling sé xudt hién & mét noi nao do trong vii tru da trong
rong 16n nay.

3.9.2 Vii tru da trong tang II

Nhiéu mo6 hinh thong trueéng cua vii tru hoc dé nghi khong chi c¢6 nhitng vii
tru tach biét ma con c6 cac dinh luat vat 1y hoc c6 thé khac nhau trong nhitng
vl tru khac nhau. Trong toan bo cac vii tru do, cac vii tru khac nhau c6 nhitng
dinh luat cling nhw nhitng van dé sy that (matters of fact) dac thu cta ching
khac nhau. Tegmark goi dé 1a vii tru da trong tang II.

Cac nha vat 1y hoc biét mot co ché cé kha nang dan dén cac dinh luat vat ly
hoc khac nhau trong cac bo phan khac nhau cua vii tru da trong, goi la “sy’ pha
v® dbi xitng" (symmetry breaking). Y niém 1a mot luat, hodc tap hop cac luat,
vat ly hoc c6 thé c6 mot doi xirng, trong khi mot giai phap cho nhitng luat do
thiéu n6. Chi can néi dén mot hau qua cda sy pha vo doi xing la cac hang so
cta ty nhién, toc do anh sang, hang s6 hap dan, hodc ty 1é cuwong do luc hap
dan/lyc dién tir, ¢ thé c6 cac gia tri khac nhau trong cac vii tru khac nhau.

3.9.3 Vii tru da trong tang III

Tang III lién quan dén 16i thong dién nhiéu-thé gidi (many-world
interpretation) ctia co hoc lwgng tit. Co hoc lwgng tir dé xwdng mot hat nho,
nhw mot electron chang han, cé thé ¢ nhiéu trang thai cing mot lic. Vi dy, n6
c6 thé c6 vi tri tai nhiéu noi khac nhau cung mot Iic, hodc dong lwgng cua né
c6 thé c6 nhiéu tri khac nhau. Tuy nhién, khi ching ta nhin vao thé gii & quy
mo rong 16n, ching ta khéng thay sy chong chap nay. Trong chin mwoi nam ké
tir khi co hoc lwgng tr dugc thiét lap, sy khong phu hgp gitta vat ly hoc lwgng
t va kinh nghiém cua chung ta khong dugc giai thich.
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Vi vay, chiing ta can mot canh bao & day: ching ta lai dang buwéc vao lanh
thd cta tw bién. Nhung mot trong nhitng giai phap dwgc dé xuat sé san sinh vii
tru da trong tang III. D6 la dé xuét cta Everett (nam 1957, titc hon 60 nam vé
tredc), ndi ngan gon, mot chong chap lwgng tir biéu twgng chang phai la mot
tap hop cac kha nang san c6, ma la mot da ca thuc té. Do do, vii tru chita dung
rat nhiéu "thé gi¢i" (con goi la "chi nhanh") dang Everett, trong d6 moi "thé
gigi" la cai gi do giong canh gigi vi m6é quen thudc, véi tat ca cac ban, ghé,
V..V...O cac vi tri xac dinh, v6i cac dong lwong xac dinh. Nhung cac thé gi6i di
biét gitta chung v&i nhau trén phuwong dién vi tri va dong lwgng cta ching. Lé
di nhién, ching ta chi trdi nghiém mot canh giéi vi mé xac dinh don nhat.
Nghia 13, ching ta vira t6t trong mot thé gidi thay vi mot thé gigi khac.

3.9.4 Vii tru da trong tang IV

Khong giong nhu ba tang dau, dé xudt lan nay doc 1ap véi cac chi tiét caa
vat ly hoc. N6 mang tinh triét hoc riéng biét: n6 1a mot tuyén bd vé phwong
thitc toan hoc mo ta thyc té vat ly. N6 ciling la mot tuyén bo cap tién: thuc té
vat ly khong chi dugc mo ta bdi toan hoc ma dang ra la toan hoc.

Khéng c6 nghi ngd gi veé lich st khoa hoc, va dac biét la vat ly hoc, cung
cap vo sob 1é chitng vé quyén nang ctia ngdn ngit toan hoc trong viéc mé ta cac
hién twgng ty nhién. NGi tiéng, chinh Galileo - cha dé cia mo ta toan hoc cua
chuyén dong - da viét trong The Assayer (1623) rang Vii tru dwgc viét bang
ngon ngtt toan hoc.

L& tat nhién, ké tr thoi Galileo, ngdn ngilt toan hoc da phat trién mot cach
phi thwdong. Néu toan hoc cho ching ta mét ngon ngit day quyén nang dé mo ta
ty nhién, tai sao khong két luan rang ty nhién la toan hoc? Tegmark tan dong
tuyén bo nay. Nhing ong ciing két ndi n6 véi chu dé tong hgp cia 6ng vé mot
vil tru da trong. Nghia la, chiing ta nén tin vao thuyc té binh dang cua tat ca cac
cdu truc toan hoc kha hitu.

Tuyén b6 cua Tegmark sé cam do bat ci ai yéu thich toan hoc, nhung than
0i, Butterfield khong chap nhan né ding néu xét xem né ky hon: giong nhw c6
mot s phan biét gitta khai niém vé mot phwong trinh bac hai va mét vi du cu
thé cia mot phwong trinh bac hai, chiing ta can phai phan biét gitta mot cau
triic toan hoc va mét déi twgng thé hién cau tric nay. Nhung ching ta c6 hay
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khong dong y véi vii tru da trong nhiéu tang ctia Tegmark, mot diéu chac chan
la cudn sach cda 6ng la mét cudn sach rat hap dan.

3.10 Giai dap mot s6 thac mac
Mac dau t6i cam thay rat biét on nhitng phan hoi tich cyc ma t6i nhan dwgc
tir cac dong nghiép, cac nha phé binh va nhitng ngwdi khac trén web, cudn sach
cua t6i cling da nhan dwgc mot s6 phé phan kich liét, tap trung vao cac cau hoi
sau:

Héi: Liéu cac vii tru song song la khoa hoc hay chi la tw bién?

Pap: Trudce hét, xin lvu y cudn sach cua téi khong tuyén b rang cac vii tru
song song ton tai. Thay vao do, tat ca cac 1ap luan cua toi lién quan dén nhitng
gi goi la "modus ponens": rang néu X ham y Y va X la ding, thi Y cling phai
dung. Dac biét, t6i cho rang néu moét ly thuyét khoa hoc X ¢6 da sy ho trg thuc
nghiém dé chdng ta thuyc hién né mot cach nghiém tic, thi ching ta cling phai
nghiém tiic xem xét tat cd cac dy doan ctia n6 Y, ngay cd khi nhitng dy doan
nay la khong thé kiém tra duwgc (vi du nhw cac vii tru song song). N6i cach
khac, t6i cho rang vii tru song song khong phai la mot 1y thuyét khoa hoc, ma
la tién doan cta mot s6 ly thuyét khoa hoc. Cu thé, t6i cho rang c6 bon ham
nghia:

. Thong trwéng vii tru n6i chung ham y vii tru da trong tang I

2. Thong treéng + huyén canh quan (string landscape), néi chung, ham y vii tru
da trong tang II

. Co hoc lwgng tit thong nhat ham y vii tru da trong tang III

. Gia thuyét Vii tru Toan hoc ham y vii tru da trong tang IV

No6i cach khac, diém chinh ma nhiéu nha binh luan bé 1& 1a cac vii tru song
song khong phai la nhitng ly thuyét khoa hoc, ma la nhitng dy doan vé mot so
ly thuyét, nhv thong treéng vii tru hoc, c6 tinh khoa hoc béi vi ching dé ra
nhitng du doan kha di trac nghiém vé nhitng sy vat ching ta quan sat dugc,
nhuw cac do lwong nén vi séng vii tru bang cach st dung vé tinh Planck. Con
nguwoi ching ta khong ngirng danh gia thap kich thwdc vii tru ctia ching ta
bang cach gia dinh rang moi thit duwong thoi kha di quan sat la tat ca nhitng ton
tai s& hitu. Dau chiing ta c6 cam giac thodi mai trong mot thue té€ nho bé nhw
thé nao, chiing ta khong thé tu chon khong tham gia dy doan khoa hoc chi vi
chung ta khong thich ching: cong viéc cua chung ta la cac nha khoa hoc khong
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phai la dé néi vdi vii tru ctia ching ta phai ton tai nhw thé nao, ma la theo 16i di
cta chitng ci thire nghiém bat ¢t noi nao né dan chiing ta.

Héi: Co phai toan hoc chi la mot ngon ngit chung ta phat minh chw
khong phat hién?

Pap: Pay la mot cudce tranh cdi nodi tiéng gitta cac nha toan hoc va triét hoc.
Theo cach t6i nhin, con ngudi ching ta sang tao ngon ngit toan hoc (cac ky
hiéu, tén con ngudi cua ching ta dé biéu twgng, van van), nhung diéu quan
trong la khong nham lan ngdén ngit nay vdi cau tric toan hoc ma t6i tap trung
vao trong cudn sach cta t6i. Vi dy, bat ky nén van minh nao quan tam dén céac
o thé tinh Plato sé kham phé ra rang chinh x4c ching c6 tat ca 5 (thé bon mat,
khoi 1ap phuong, thé tdm mat, thé mwoi hai mat va thé hai mwoi mat). Trong
khi duwgc ty do sang tao bat ¢t tén nao ho muon cho chiing, ho khong thé tao ra
mot tén thit 6 - don gian la vi c6 thé thit 6 khong ton tai. Theo cung mot y
nghia, cac cdu tric toan hoc pho bién trong vat ly hoc hién dai dwgc phat hién
chit khong phat minh, ti* cac da tap gia - Riemann 3+1- thi nguyén cho dén
cac khong gian Hilbert.

Héi: Phdi chang ong da hop lam mot sy mo ta va cai duwgc mo ta khi bao
rang thuc té vat ly “la” toan hoc thay vi chi “dwgc mo ta” bang toan hoc?

Pap: Sy phan biét nay (t6i tim xét chi tiét trong cac chwong 11 va 12) rat
quan trong trong ca vat ly hoc lan toan hoc. Ngon ngit ctia ching t6i dé mo ta
hanh tinh Neptune (r6 rang la do chung t6i phat minh - ching t6i phat minh
mot tir khac cho né & Thuy bién) tat nhién khac biét véi chinh ban than hanh
tinh. Twong tw nhu vay, con nguoi chung ta da phat minh ra ngon ngit toan hoc
(cac ky hiéu, tén con ngwoi cia ching ta cho cac ky hiéu, van van), nhung diéu
quan trong la khong nham lan giita ngdén ngit nay vdi cdu tric toan hoc. Vi duy,
nhuw da dé cap ¢ trén, bat ky nén van minh nao quan tam dén nhitng c6 thé tinh
Plato déu cé thé phat hién ra chi c6 5 cé thé nhw vay (thé bon mat, khoi lap
phwong, thé tdim mat, thé muwdi hai mat va thé hai mwoi mat). Trong khi duwgc
tw do sang tao bat c¥ tén nao ho mudn cho ching, ho khong thé tao ra mot tén
thit 6 - don gian 1a vi co6 thé thit 6 khong ton tai. Theo cing mdt y nghia, cac
cau truc toan hoc pho bién trong vat ly hoc hién dai dugc phét hién chit khong
phat minh, ti* cac da tap gid- Riemann 3+1- th* nguyén cho dén cac khong
gian Hilbert. Kha nang ma t6i tim xét trong cudn sach la mét trong nhitng cdu
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tric cta toan hoc (ma ching ta c6 thé phat hién chit khong phat minh) twong
tng vai thé gigi vat 1y (ma chiing ta ciing phat hién chit khong phat minh).

Hoi: Phai chang y niém vé vii tru toan hoc la chiéc mii cii ti¢ thoi
Pythagoras?

Pap: Nguon goc cta y niém nay thyc s la rat cii, va cuon sach cua toi da
16n tiéng ca tung Pythagoras va Galileo da c6 y niém nay! Nhung ho khong c6
phuc lgi hiéu biét tat ca nhitng manh moi toan hoc ky diéu ma ty nhién sau nay
da to 19, tir thuyét twong doi rong dén co hoc lwgng tit va toan hoc dang sau
Higgs boson, d6 la 1y do tai sao bay gio ching ta c6é thé tim xét y niém va
nhitng ham y ctia n6 mot cach chi tiét hon.

Hoi: Chac chan "cac thit" (“stuff”) khong thé la toan hoc?

Pap: La mot thuc nghiém tv twong, hdy twdng twong mot ngay nao do
chuing ta phat trién cac may tinh siéu tién tién va ban la mét nhan vat trong mot
tro choi may tinh twong lai phitc tap va thyc té dén d6 ban c6 y thitc va nghi
lam rang ban ton tai trong mot thé giGi vat 1y thuc lam bang "cac thi?". Bay gio
ban bat dau nghién cttu thé gidi do cia minh giong nhw mét nha vat 1y hoc va
dan dan kham pha ra rang cac thuc thé trong thé gigi ctia ban duwdng nhu trong
co ban khong c6 cac thudc tinh ngoai trtr cac thudc tinh toan hoc (bdi vi do la
phurong thitc theo do6 thé gidi ctia ban dugc lap trinh) gidng nhw ching ta da
kham pha & day trong thé giGi ctia ching ta. Néu ban cé thé cdm nhan duwgc thé
gidi 4o cia minh lam bang cac thit tham chi con nghi rang d6 1a todn hoc thuan
tuy, thoi ching ta can phai chdp nhan kha nang cung mot thit c6 thé xdy ra &
day trong vii tru cta ching ta. Chac chan, ban than ctia mdy tinh trong vi du
nay lam bang cac thi¥, nhung cam giac cac doi twgng trong tro choi déu lam
bang céc thi 1a hoan toan huyén ao va doc lap véi nén tang trén d6 may tinh
dugc xay dung.

Hoi: Liéu gia thuyét vii tru toan hoc bat kha hoan cai va do doé bat khoa
hoc?

Pap: Khong, né lam du doan cé thé kiém chitng rang vii tru ctia ching ta
khong c6 cac thudc tinh phi toan hoc, vi vay néu ban c6 thé chitng minh mot
khia canh nao dé cuda vii tru cua ching ta khong thé mo ta bang toan hoc, thi
ban da soan cai gia thuyét (falsify the hypothesis).
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Hoi: Chac chan, khong thé mo ta y thivc bang toan hoc?

Pap: Hién nay y thitc khong duwgce hiéu qua toan hoc - cling nhw bat ky cach
tiép can khoa hoc nao khac, cho van dé dé. Liéu mai mai sé nhw vay la mot cau
héi rat dang quan tam. T6i da t6 chitc mot cudc hoi thao vé Vat ly hoc Thong
tin gan day, trong dé khi chiing t6i mdi cac nha than kinh hoc " Giulio Tononi,
Christoph Koch va Larissa Albantakis thuyét trinh, diéu hdp dan la nghe ho
bado ho thuc sy nghi rang cam giac chi quan vé mau do, cam giac vé yéu
thwong, V.. V... ¢6 thé dugc hiéu nhw la nhitng hinh dang toan hoc phtc tap lién
quan dén x@ ly thong tin trong nao. To6i kham pha diéu nay trong chwong 11
ctia cudn sach cua t6i. RO rang la ching ta chwa biét liéu nhitng y niém cta ho
cudi cung c6 thé chitng minh la ding hay khong nhung sy that nghién cttu ctia
ho duge cong dong khoa hoc than kinh cong nhén la thye hién nghiém tdc cé
nghia la ching ta khong thé chac chan 100% rang y thitc chung cuc khong thé
hiéu duoc theo toan hoc.

Hoi: Co phai gia thuyét vii tru toan hoc bi loai triv béi dinh ly bat hoan
bi cia Godel?

Pap: Khong, khong xa nhw ching ta biét. Vi bat ky hé thong hinh thitc da
quyén nang nao, Godel cho biét chiing ta khong thé sit dung n6 dé chitng minh
tinh nhat tri ctia chinh nd, nhung khéng c6 nghia la né khong nhat tri hoac
ching ta c6 mot van dé. That vay, vii tru cua ching ta khong cho thay bat ky
ddu hiéu nao la khong nhat tri hodc khong minh xac, mac dau cé dau hiéu am
chi n6 c6 thé 1a mdt cau tric toan hoc. Hon nita, chiing ta hy vong diéu gi? Néu
mot hé thong toan hoc c6 thé dwge st dung dé chitng minh tinh nhat tri ctaa
chinh né, ching ta van khong tin né thye sw 1a nhat tri, vi mot hé théng khong
nhat tri c6 thé chitng minh bat ¢ diéu gi. Chuing ta chi bi thuyét phuc néu mot
hé thong don gian hon ma ching ta c6 ly do dé tin twdng vao tinh nhat tri caa
no6 co6 thé chitng minh tinh nhat tri cia mot hé théng manh mé hon - nhwng dé
la diéu khong thé dwgc, nhw Godel cling da chitng minh. Trong s6 nhiéu nha
toan hoc ma t6i la ban, t6i chira bao gio nghe thay ai dé nghi rang cac cau tric
toan hoc chi phéi vat 1y hoc hién dai (cac da tap gid-Riemann, cac da tap
Calabi- Yau, cac khong gian Hilbert, V..V...) thuc sy khong nhat tri hodac khong
minh xac.
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Héi: Max Tegmark c6 phdi la mot crackpot (mét tén dién
khing) khong?
Pap: RG rang la khong phai cho t6i dé tra 10i -

Chu thich
*. “If consciousness is indeed an emergent feature of a highly integrated network, as IIT suggests, then
probably all complex Systems - certainly all creatures with brains - have some minimal ibrm of consciousness.”
“By extension, if consciousness is deiined by the amount of integrated iniormation in a System, then we may
also need to move away from any form of human exceptionalism that say s consciousness is exclusive to us.”
Tiéng Dirc doppelgdngers c6 nghia la phédn thdn, gdp doi, hai lan, hay tréng giéng nhau.
Thudt ngir triét hoc “thdt' cé nghia la “néi dung”, déi lai véi “danh”. Vi du: hitu danh vé thdt = chi c6 hinh
thitc bé ngodi nhirng néi dung tréng réng. Vay cé thé hiéu nhitng cum tir “cé néi dung”, “khéng cé néi dung”

nhu la “cé that”, “khong cé that”.
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Chuong IV: Tinh twong doi ciia Ton tai

4.1  Thong dién su ton tai

4.2  Luan ct Logic

4.2.1 Luadn c@ Vi nhan Cu6i cung (The Final Anthropic
Argument)

4.2.3 Luan c Tién de hoa

4.2.3a Thong dién

4.3  Bac bo cac phan bac thong thuong

4.3.1 Khong twong thich v6i cac dinh ly ctia Godel?
4.3.2  Khong twong thich véi tinh Ngau nhién Lwgng tir?
4.3.2  Lap luan dap ttng Hitu than luan

4.4  Kétluan

Chu thich

Tinh Twong déi cia Ton tai

4.1 Thong dién sy ton tai

Dau vat ly hoc hién dai thanh cong trong viéc xay dung cac ly thuyét toan
hoc c6 thé dy doan két qua cac thi nghiém quy mé lwgng t, sw thong dién vat
ly cac ly thuyét nay van con gay nhiéu tranh bién nghi luan. Mac dau toan hoc
vat ly lugng tir dwge hiéu biét ro rang, nhiéu cach théng dién vat 1y lién hé truc
tiép tGi cac cau héi co ban tai sao ching ta ton tai va ton tai c6 nghia la gi, va
da chia ré cong dong khoa hoc thanh nhiéu phai triét hoc khac nhau: nao la
thong dién c6 dién Copenhagen chon ngau nhién va quan sat vién lam trong
diém, - nao la co hoc tinh Bohm, titc quan diém xac dinh va v0 quan sat vién
cta Broglie va Bohm, - nao la ly thuyét ngau nhién va v6 quan sat vién cua
Ghirardi-Rimini-Weber, - nao la quan diém 'it from bit' cia Wheeler, - nao la
cac thong dién khac nhau vé Nhiéu Thé gigi nhw thuyét Ultimate Ensemble.
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4.2 Luan cr Logic

4.2.1 Luan c& Vi nhan Cuoi cung (The Final Anthropic Argument)

Tinh kha cu tru (habitability) ctia mot hanh tinh tuy thudéc mot sy tu tap cac
nhan t0 tr 16p phu tinh (parent star class) va bién héa hang tinh (stellar
variation) dén khoi lvgng hanh tinh (planet mass), cach t6 thanh (composition),
khoang cach quy dao (orbit distance), tinh 6n dinh (stability), diéu kién dia hoa
(geochemistry conditions) ban dau, va nhiéu nhan t6 khac.

Néu tat ca nhitng thudc tinh (properties) ay duwgc tuy co lwa chon chang cé
bat ky anh hwéng hay muc dich nao hwéng dan toan thé, thoi kha nang tinh
thong ké hoc (statistical likelihood) cua diéu kién (achieving conditions) dan
dén cudc song tat phai cuc ky nho. Hon nita, ngay ca trong mot thé gidi kha cw
tru trén ly thuyét, khi ching ta xét xem kha nang tinh ctia cac twong tac hda
hoc ngau nhién phat sinh sw ty tai ban (self-replication) va su tién héa thuc té
ctia cudc song, sy xét dinh cua ching ta vé kha nang toan thé cta bat ky hanh
tinh ngau nhién nao chita dyng cudc song tham chi con nhé bé hon nita.

Chang biét dwgc nhitng chi tiét chinh xac cta tat ca cac twong tac hda hoc
xuat hién dé phat sinh cudc séng trén trai Dat, thdi kho dwa ra nhitng dy doan
chinh xac kha nang tinh trong thuc té nhé bé dén thé nao. Tuy nhién, mac dau
nhitng quan sat md&i day cac thai dwong hé ngoai hanh tinh (exoplanets) tiém
tai kha cw tru' va nhitng m6é hinh ban so t6t hon cta sinh vat héa hoc
(biochemistry) cho thdy cudc song khong thé hiém nhw ngudi ta twdng?, chi c6
cach duy nhat 1a phai tinh dén hang ty trén hang ty lan quan sat cac hé thong
sao khac, thoi mai cé thé giai thich sy hién dién ctia cudc séng nhw céi gi dé
thue sy mong dogi.

Bang cach, ly luan theo nguyén tac vi nhan (the anthropic principle), “cac
diéu kién duwgc quan sat thay trong vii tru phdi cho phép quan sat vién ton tai”
(conditions that are observed in the universe must allow the observer to exist)’,
chi can cé it nhat mot trong s6 v6 han cac hanh tinh trong vii tru chita cudc
song, hau giadi quyét bi an ly do tai sao, khi ching ta nhin quanh, ching ta thay
dwgc mot hanh tinh vdi tat ca diéu kién thich hgp cudc séng.*

Tuy nhién, bi an van chwa dwoc giai quyét hoan toan, bdi vi né chi don
thuan minh hoa tinh hoan hdo vuwgt byc ciia cac luat co ban cta vat 1y hoc phat
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sinh mot vii tru bao ham nang luwc sinh hoat (capacity for life). Tt nhitng thudc
tinh phan ti* cia nwdc® tdi sy can bang chinh xac cua cac lwc nhw trong luc
(gravity) va dién ti luc (electromagnetic forces)’, téi so0 cac thit nguyén
(number of dimensions) va céac tri tinh xdc cta tit cd hang s6 co ban
(fundamental constants), tat ca nhitng cai dé déu ton tai trong mot sw can bang
hoan hdo.

Nhu Paul Davies phat biéu, “Hién gio c6 mot sy théa thudn rong rai giira
cac nha vat ly hoc va cac nha vii tru hoc, rang vii tru trong mot s6 khia canh
dwgec tinh chinh (tinh t€ diéu chinh; fine-tuned) cho cudc song.’” Theo Stephen
Hawking, “Cac dinh luat ctia khoa hoc, nhw ching ta hiéu biét ching hién nay,
bao ham nhiéu s6 co ban, nhw d6 16n cua dién tich (electric charge) cua
electron va ty 1€ cac khoi lwvgng ctia proton va electron ... va sy that dang chu y
la tri cac s6 ay dugc tinh chinh dé c6 thé phat trién cudc séng.””

Vi du: Néu sttc manh cua lyc hat nhan manh (strong nuclear force) bién
chuyén chirng 2%, thoi vat ly hoc cac sao cai bién manh mé dén noi tat ca
hydro ctia vii tru sé bi tiéu hao trong vai phut dau tién sau Big Bang’.

Néu c6 mot s6 v6 han (hay gan nhw v6 han) cac vii tru khac nhau véi nhitng
tri khac nhau cta cac hang so6 vat ly, 1y luan theo nguyén tac vi nhan ciing cé
thé dugce st dung dé giai thich tai sao ching ta quan sat thay cac hang so vat ly
thich hop cudc song, ng dung thit hai nay dwgc biét nhw 1a nguyén tac vi nhan
“manh” (the “strong” anthropic principle (SAP)". Tuy nhién, mot ¢ng dung lan
thit hai doi héi bang chitng biéu minh mot s6 lwgng rat 16n, c6 1€ v6 han, cac
vii tru khac nhau c6 nhitng dinh luat vat ly hoc khac nhau.

Co6 mot so tin rang sy hién than héa hién dai (modem incarnation) ctia thuyét
siéu huyeén (superstring theory), dwgc biét nhw M-thuyét (M-theory)", dap tng
diéu kién nay. Theo M-thuyét, c6 11 thit nguyén khong-thagi gian, 7 trong s6 do
ubn quan lén tao thanh mot da tap Calabi-Yau®”va cac hang s6 co ban cé thé
dwoc phai sinh tir phwong thitc theo dé cac thit nguyén uén quan 1én®.

B&i vi ¢6 it nhat 10 * phwong thitc thi nguyén uén quan lén* va hoc thuyét
khong bdo r6 phwong thitc nao la chinh xac, cho nén tin rang tit ca phuong
thitc déu hitu hiéu nhw nhau va nang luc chon lwa cuia SAP gidi thich tai sao
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chuing ta ton tai trong mot vii tru cé nhitng hang s6 co ban thich nghi vGi cude
song. Cac cdu hinh (configurations) khac nhau déu dwoc thong dién hodc nhw
cac vii tru song song (parallel universes) trong vii tru da trong (multiverse)®,
hodc nhw cac lich st song song cua cung mot vii tru.'

Van dé vdi nhitng giai thich nhw trén can ¢ trén M-thuyét 1a ching chi giai
dap phan nao van dé tinh chinh. Dau tat cd cau hinh M-thuyét chap nhan dugc
biéu hién, diéu d6 chang giai thich tai sao toan hoc co ban ctia M-thuyét la
ding. Ching ta cling c6 thé dé dang hoi tai sao cac tién dé cia M-thuyét da
duwgc Iwva chon mot cach ky diéu dé phat sinh mot vii tru da trong c6 kha nang
ho trg cudc song.

Chi mot hoc thuyét thira nhan tat ca hé tién dé kha hitu méi c6 thé giai quyét
mot cach toan ven van deé tinh chinh, bdi vi chi khi nao chiing ta ngung sung
bai cac tién dé ctia vii tru cta ching ta xem nhv dac biét khach quan
(objectively special) thoi ching ta m&i ngung hai tai sao ching la ddc biét. B6
la nhitng gi tinh twong do6i cda ton tai dé xwdéng: N6 noi vdi chiing ta khong co
gi dac biét vé vii tru cua chung ta, bdi vi bat ky hé tién dé nao kha di phai sinh
tinh ty y thitc sé thye ton (real) theo quan diém cua tinh ty y thite do.

Néu vii tru khong ton tai theo nghia khach quan thdi loai tinh chan duy nhat
con lai v&i ching ta 1a tinh chan theo nghia kién 1ap (dung 1én), va loai ton tai
duy nhat sé la ton tai toan hoc.” Nghia la, su ton tai ctia cac sy vat trong vil tru
chi Ia ton tai toan hoc twong quan v@i hé thong hinh thitc nao d6 dinh nghia
thuc té.

Néu day la trudng hgp, thoi su that 1a ching ta ty y thitc sé chitng minh rang
st ty y thitc c6 thé khong nhitng dwoc phai sinh theo phwong thitc tién dé, ma
rang s ton tai toan hoc don thuan ctia mét cau tric ty y thive 1a mot diéu kién
da cho cau tric ty y thite d6 nhan thitc hé thong cia né nhw la mot thyc té
chang can phai c6 sy biéu hién khach quan cua hé thong dé.

Do dé, sé khong cé sw phan biét khach quan gitta cac hé tién dé ‘thuc’ véi
cac hé tién dé ‘phi thyc’ (mdc dau & mirc do nglt nghia ching ta c6 thé dé danh
thuat nglt ‘thwc’ dé quy chiéu hé tién dé riéng ctia mét ngwdi nao do, hodc c6
1é bat ky hé tién dé nao c6 chita mot quan sat vién ty y thitc). Tuy nhién, tit ca
cac hé tién dé sé dugc thiét 1ap trén co sé binh dang, va vi thé 1y luan vi nhan
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c6 thé dugce trao quyén dé gidi thich tdt cd cac luat vat ly hoc bang cach chon
tir tap hgp tat ca cac hé tién dé kha hitu. Nhu thé cudi cung sé gidi quyét van de
tinh chinh téng quat va trd 16i cau hoi cia Leibniz. BGi vy, méi goi day la
“nguyén tac vi nhan cubi cung” (FAP).

4.2.2 Nguyén tac wa song toi da (Maximally Biophilic Principle)

Pugc biét rang nguyén tac vi nhan (The Anthropic Principle) “khong phan
biét gitta cac vii tru wa song t6i thiéu (minimally biophilic universes), trong do
cudc song dugc cho phép nhung chi cé kha nang mét cach toi thiéu, va cac vii
tru wa song toi giai (optimally biophilic universes), trong dé cudc song thinh
vurong bdi vi sy phat sinh sinh vat (biogenesis; si hinh thanh cac sinh vat song
tlr t6 tién cta ching va cac co quan t tir cac tién thé cta ching) xuat hién
thwong xuyén”. Mdc dau nguyén tac vi nhan tw né khong phan biét giita cac vii
tru wa song toi thiéu va toi giai, 16gic dang sau nguyén tac vi nhan c6 thé dugc
tong quat hoa thanh mét nguyén tac nhiéu nang lwc hon kha di phan biét gitta
hai vii try wa song toi thiéu va t6i giai. s. B. Heinrich da chitng minh sy that ay
trong bai ‘Physical Relativism as an Interpretation of Existence’ 0ng viét va
trinh bay ngay 26 thang Séau, 2013, c6 thé ha tdi tir Internet.

No6i cach khéc, y twéng twong doéi vat ly (Physical Relativism) ctia Heinrich
cho chiing ta biét rang bat ky quan sat vién nao ciing nén ky vong, chi can ct
trén 16gic thoi, rang vii tru cia minh la mét vii tru wa song da giai. Va néu quan
sat vién nay phai doan xem vii tru da giai d6 thudc hé thong nao, thoi s doan
tot nhat sé la hé thong dinh nghia hau hét cac quan sat vién. Hé thong dy duwoc
goi la nguyén tac wa song to6i da (MBP=Maximally Biophilic Principle).

4.2.3 Luan cit Tién dé hoa

Mot hé thong khong nhat tri khong thé phan biét gifta tinh chan va tinh gia
vi bat ky phat biéu nao ciing c6 thé dugc chitng minh la ding. Do do, kha nang
phan biét gitra tinh chan va tinh gia trong thuc té cia ching ta ham y rang thuc
té ctia chiing ta phai nhat tri [ngay ca khi chiing ta khong thé chithg minh dwoc
bat ky hé thong hinh thitc® (formal System) cu thé nao dw dinh mo ta thuc té la
nhat tri].

Cac ly thuyét hién dai vé vii tru hoc thong treéng doi hoi vii tru phai c6 nang
lwong tich cue va tiéu cue hitu han. Hon nita, gidi han Bekenstein tirc gidi han
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thong tin (information limit), phai sinh ti tinh nhat tri gitta nhiét dong lwc hoc
va thuyét twong doi rong, ham y rang bat ky vung hitu han nao cia khéng gian
phai chita nang lwgng hitu han. Do d6, chiing ta gia thiét vii tru c6 ndi dung
thong tin hitu han.

Bat ky hé thong nhat tri nao vdi ndi dung thong tin hitu han c6 thé dwgc hinh
thitc hoéa thanh mot hé tién dé, chang han, bang cach st dung mot tién dé dé
khang dinh tinh chan cia m6i mau théng tin doc 1ap. Do dd, chiing ta gia thiét
c6 mot hé tién dé dang cau (isomorphic) vai thyce té€ caa ching ta, trong d6 moi
phat biéu dung veé thuyc té cé thé dugce chitng minh nhw mot dinh 1y tr cac tién
dé cua hé thong do, va nguoc lai bat ky dinh 1y nao caa hé thong dé twong tng
v6&i mot phat biéu dung vé thuc té.

Cac dang song tu y thitc (self-aware life forms), nhw con nguwoi, ton tai trong
thure té cua chiing ta. Boi vi sy i y thite d6 1a mot phan nhat tri caa thuc té ciua
chung ta, va béi vi thyc té cta chiing ta dwgc hoan toan mo ta bdi mot hé tién
de, diéu dé c6 nghia la, sw ty y thitc cia ching ta c6 thé dugc phai sinh trong
hé tién dé do. Vi vay, tat nhién cé thé phai sinh sy tv y thitc nhw mét dinh 1y tw
cac tién dé cua thuc té€ cta chung ta. Hon nita, mac dau kién thitc han hep vé
vat ly hoc va sinh hoc cua ching ta van chwa c6 thé giai thich dwgc kinh
nghiém hay nhan thitc vé sy ty y thitc, nhung kinh nghiém nay thé nao ciing cé
thé phai sinh tit cach nao do.

Vi bat ky dinh 1y nao kha di phai sinh tir m6t hé tién dé, tat c6 cac hé tién
dé khac cling c6 thé phai sinh dinh ly d6. Chang han, mot hé tién dé méi co thé
dwoc thiét 1ap bang cach don gian bao gom thém mot tién dé mGi ma khong
mau thuan vdi bat ky tién dé nao hién c6. Qua vay, tat thé nao cling c6 mot so
v6 han phuwong thitc cai bién mét hé tién dé trong khi van giir bat ky dinh ly
ddc thu nao nguyén ven.

No6i cach khac, sy that 1a sy ty y thitc c6 thé phai sinh tit cac tién dé trong
thue té€ cia ching ta ¢ nghia la ¢6 mot s6 vo han cac hé tién dé khac nhau
cling phai sinh cac quan sat vién ty y thitc dang dat cau héi vé sy ton tai ctaa
chiung, mdc dau khéng c6 mét biéu hién khach quan. Néu kinh nghiém ty y
thitc khong doi héi sy biéu hién khach quan, thdi khong con bat ¢t 1y do gi dé
gia thiét vii tru cua chiing ta c6 mot sy biéu hién khach quan.
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Do sy ty y thitc, doi vGi mot thye thé ty y thite, cac han ché xung quanh
duwgc nhan thitc dwong nhw mot thye té. No6i cach khac, tir quan diém ctia mot
thure thé ty y thitc trong mot hé tién dé khac, cac dinh 1y va tién dé cua hé khac
d6 duge nhan thitc nhw nhitng han ché vat ly thuc ton. Nhw vay, sw khac biét
duy nhat gitta thue té vat ly va tiém nang trivu twong la quan diém twong doi
ctia mot quan sat vién ty y thitc. Nhw vay, mot hé tién dé khac kha di phai sinh
cudc song tu y thirc khong gi khac hon 1a mot tiém nang triru twong chang bao
gio duoc thuce hién. T quan diém dé, thuc té ctia ching ta khong gi khac hon
la mot tiém nang chang bao gid duwgc thuc hién.

Hiéu biét nhu trén, gidi dap cudi cung cau héi tai sao thuc té cua ching ta
ton tai tré nén khong can thiét: béi vi sy tw y thitc co thé dugce biéu twgng theo
phwong thic tién dé cho nén bat ky hé tién dé nao co thé phai sinh sy t y thic
sé dugc nhan thitc nhu thye ton chang can mot biéu hién khach quan. Nhuw thé,
chang cé gi dac thu vé thyc té cta ching ta, va chang c6 ly do dac biét tai sao
do6i nghich véi mot tap hop tién dé nao khac, nhitng tién dé cta thuc té cta
ching ta déu ding, bai vi tit ca cac hé tién dé kha hitu déu ding nhw nhau tw
nhitng quan diém khéc nhau.

4.2.3a Thong dién

Theo y twdng twong doi vat ly (physical relativism), s khac biét gitta mot
vii tru thye va khai niém triru twong ctia mot vii tru chi 1a mot quan diém: thyc
té 1a nhitng gi kha di phai sinh ti* nhitng tién dé dinh nghia mo6t quan sat vién
ty y thitc, va moi sy vat khac dwong nhw chi 1a mot tiém luce tritu twong, chwa
dwoc thue hién. Sy ton tai vat ly c6 thé dugc coi 1a tap hogp con cua thyc té
dinh nghia nhitng cau trtic trong khong-thoi gian.

John Wheeler tin rang thé gigi vat chat 1a mot hw cau cua tri twdng twong, va
su ton tai ctia moi sy vat vat ly déu bat ngudn tir nhitng quan sat ctia cac quan
sat vien. Theo Wheeler, “moi ‘it’ - moi hat, moi lyc trwong, ngay ca tw than
cta lién tuc khong-thoi gian - phdai sinh chitc nang, y nghia, sy ton tai hoan
toan ctia nd t cac cau tra loi nhitng cau hoi yes-or-no, nhitng lwa chon nhi
phan, nhitng bit.”

Theo md6t nghia nao do, diéu nay phu hop véi y twéng twong doi vat ly, bai
vi ching ta khang dinh rang tit cd ‘nhan thitc’, va do d6 ‘y nghia’ 1a hoan toan
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do céac quan sat vién. Tuy nhién, twong doi vat ly khong chdp nhan vii tru tén
tai trong tri twong twong ctia mot quan sat vién, bdi vi nhitng mong twong va
twong twong cda ching ta khong phéi la cac hé thong hinh thitc. N6 ciling
khong chdp nhan cac hé thong hinh thitc can phéi dugc hinh thitc hoa, duwgc
viét ra, hodc n6i mot cach khac, dugc cau twdng bdi mot tri tué nao dé6 nham dé
ching dwgc tri nhan la cé that tt* mot quan diém noi bo.

Mot cau héi triét hoc théng thwdng la liéu vii tru c6 tén tai theo mot nghia
khach quan chang c6 sy hién dién cia cac quan sat vién tw y thitc. Tuy nhién,
st that la nhitng tw twdng tw y thitc ctia chiing ta c6 kha nang kiém soét cac co
thé vat chat ctia chiing ta la bang chitng cho thdy nhitng tw twdng cta ching ta
la mo6t phan khong thé tach roi caa vat ly hoc dinh nghia vii tru caa ching ta.

Vé Gia thuyét Vii tru Toan hoc ctia Tegmark (MUH), theo d6 “tat ca cac cdu
tric ton tai vé mdt toan hoc cling ton tai vé mat vat ly hoc”, sy ham y 1a tit mot
quan diém khach quan, ton tai todn hoc twong dwong véGi ton tai vat ly hoc,
nghia 1a, cac vii tru vat ly mau thuan khac nhau cé thé hién hitu. Néi cach
khac, MUH la twong dwong mdt cach khach quan véi twong doéi vat ly, mac
dau ching ta wa tw lwgng khac di: thay vi tw lwgng vé cac vii tru toan hoc triru
twgng nhw ton tai trong mot loai vii tru da trong khach quan nao dé, chiing ta tw
lwgng cac vii tru nay nhw don gian la khong ton tai theo mot nghia khach quan.

4.3 Bac bo cac phan bac thong thuong

MGt s6 phan bac MUH da dugc tém lwgc va bac bé béi Tegmark, va nhiéu
trong sO nhitng bac bo ay ciing la bac bd béi twong doi vat ly. Phan nay sé tap
trung vao viéc bac bé cac phan bac dinh ly ctia Godel va ban dén Lap luan dap
tng Hitu than luan.

4.3.1 Khong twong thich vai cac dinh ly caa Godel?

vé mdt hinh thitc, mot hé tién dé duwgc goi la nhdt tri (consistent) néu no
khong thé chitng minh bat ky phat biéu nao cung v6i sw phti nhan n6é (mot mau
thuan), va hoan bi (complete) néu moi cau kha di biéu hién bang ngén ngir c6
thé dugc chitng minh hodc bac bé. Binh ly dau cua Godel xac nhan trong bat
ky hé tién dé nao chita mot lwgng s6 hoc sé bat hoan bi (incomplete); va dinh
ly thit hai cua 6ng xac nhan bat ky hé tién dé nao chita mét lwgng s6 hoc sé
khong thé chitng minh tinh nhat tri ctia n6 (gid thiét né qua that nhat tri). Hién
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tai, tat cd cac hoc thuyét vat 1y hoc déu rat toan hoc, do do, ca hai dinh ly déu
ap dung.

Sy nham lan can ban vé dinh ly vé tinh bat hoan bi phat sinh tir gia thiét sai
lam rang, véi moi cau kha di dugc ché dinh bang ngon ngit cia mot hé thong,
phai c6 m6t quan sat noi b6 ma mét quan sat vién duwgc mo ta béi hé thong do
c6 thé thuce hién, két qua cta quan sat noi bo ay lién quan dén kha nang quyét
dinh cda cau. Trong thyc t€, ching ta c6 thé chitng minh gia thiét nay la sai
(Pinh 1y 1).

DPinh ly 1. Néu mot hé thong “bat hoan bi” dinh nghia mot quan sat vién tu
y thitc va nhitng quan sat ciia quan sat vién 4y, thoi tat nhién quan sat vién ay
khong thé nao tao dwng mot thi nghiém tuy thudc vao tinh kha quyét dinh
(decidability) cua bat ky phat biéu bat kha quyét dinh nao dwgc biéu hién bang
ngon ngit cta hé thong do.

imheorem 1. If an ‘incomplete’ System defines a self-aware observer and his observations, it must be
impossible for the observer to construct an experiment that depends upon the decidability of any

indecidable Statement expressible in the language of that System.]

Chitng minh. Gia thiét c6 mot hé tién dé e 0 phai sinh m4t quan sat vién ty
y thitc va tat cd cac quan sat clia quan sat vién ady, la nguwoi da tao dwng mot thi
nghiém vé&i mot két qua nhi nguyén duy nhat tuy thudc vao tinh kha quyét dinh
ctia mGt phat biéu dwgc viét bang ngén ngit ctia hé e 0.

Néu két qua quan sat dugce la tich cwe hodc tiéu cue, thdi quan sat vién sé
thdy minh khong thé phai sinh két qua nay tir e 0, bdi vi theo dinh nghia thoi
n6 bat kha quyét dinh. Vi vay, mau thuan dat dwgc bai vi gia thiét rang e 0
phai sinh tat cd cdc quan sat cia quan sat vién ay la sai, va do d6 e 0 khong
thé 1a m6t mo ta chinh xac vé thyc té cia quan sat vién.

Néu két qua quan sat dwgc 1a mot loai chong chap ky la khac véi két qua nhi
nguyén du kién, thoi giad thiét nguyén so rang ta c6 thé tao duyng mot thi
nghiém tuyén chon nhi nguyén tuy thudc vao tinh kha quyét dinh ciia mét phat
biéu bat kha quyét dinh la sai. Du bang cach nao, gia thiét nguyén so la sai,
nghia 13, sy hién dién cda nhitng phat biéu bat kha quyét dinh khong anh
hwéng dén nhitng quan sat cia mot quan sat vién ndi bo.
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Tegmark bay té sw nghi ngo d6i vdi dinh ly thit hai ctia Godel, phan nan
rang, “Mo6 hinh tiéu chuan vat 1y hoc ctia chiing ta bao ham nhitng cdu tric
toan hoc hang ngay nhu s6 nguyén (dinh nghia bai cac tién dé Peano) va thuc
s0. Nhung dinh ly thit hai ciia Godel ham y ching ta chang bao gio cé thé chac
chan 100% toan hoc hang ngay dé la nhat tri: Godel vach ro kha thé ctia mot
chitng minh d6 dai hitu han ngay bén trong ly thuyét s6 (number theory) biéu
minh 0 = 1. S& dung két qua d6, moi phat biéu minh xac khac trong hé thong
hinh thitc c6 thé dwgce chitng minh la diing va toan hoc nhw chiing ta biét sé sup
d6 nhw mot ngdi nha cac con bai.”

[“Our Standard model of physics includes everyday mathematical structures such as the integers
(defined by the Peano axioms) and real numbers. Yet Godel’s second incompleteness theorem implies that
we can never be 100% sure that this everyday mathematics is consistent: it leaves open the possibility
that a finite length proof exists within number theory itself demonstrating that 0 = 1. Using this result,
every other well-defined statement in the formal System could in turn be proven to be true and

mathematics as we know it would collapse like a house of cards”]

Nham tranh van dé trén, hau thay thé Gia thuyét Vi tru
Toan hoc (Mathematical Universe Hypothesis = MUH),

Tegmark da dé ra Gia thuyét Vii tru Kha ké toan (Computable Universe
Hypothesis = CUH), chi bao gom cac hé tién dé don gidn du dé chitng minh
tinh nhat tri cia ching. Theo Heinrich, nhitng lo ngai cia Tegmark d6i v&i
dinh ly thit hai 1a vo can cu.

Nhv dugc giai thich béi Franzén” "Dinh ly khong hoan bi thi hai la dinh ly
vé kha nang biéu hién cho trudc, chi ra rang ... mot ly thuyét nhat quan T
khong thé dwa ra sy thong nhat cia n6, mac du tinh nhat quan cta T c6 thé
duwgc dua ra trong mot ly thuyét nhat quan. "

No6i cach khac, mot quan sat vién ndi bo khong thé chitng minh sy vitng
chéc caa bat ky hé tién dé nao dugc gia thuyét dé mo ta thye té cia 6ng ta. Tuy
nhién, thyc té la ching ta khong thé chitng minh ly thuyét ctia ching ta la
chinh thitc nhat quan, hodc chitng minh rang chiing mo ta day da cac khia canh
khong quan sat dugce cua thuce té, khong bao ham trwdc sy ton tai cia mot hé
thong ria mo ta day du va mo ta thuce té. That vay, két qua gan giong vdi cach
ma van dé Halting [47, p. 173], cho thdy rang chiing ta khong thé viét mot
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chitng minh chiéu dai hitu han ma bat ky chwong trinh may tinh nao ciing sé
dirng lai, khong ngan can sy ton tai cia mot khoang thoi gian tuy tién chwong
trinh may tinh ma khong dung lai.

4.3.2 Khong twong thich véi tinh Ngau nhién Lugng ti?

Tegmark than thé MUH cta 6ng khong twong thich v@i chan tinh ngau
nhién lwgng ti bdi vi khong thé tao ra mot chudi cac chan s6 ngau nhién néu
chi stt dung cac quan hé tién dé *. Mac dau s that la ngau nhién khong thé
duwogc tao ra theo thuat toan, diéu nay khong ngan can sy ton tai ctia mot hé tién
dé dinh nghia hanh vi xuat hién hoan toan ngau nhién can ci trén cac quan sat
han ché ctia mot quan sat vién ndi bo.

Nhue mot vi du cu thé vé diéu néu trén, hdy xem xét tap tién dé sau day, mo
ta vi tri cia mot hat c6 toa d6 X duwgc tham s héa béi thoi gian 6 tri nguyén t

I X(t) - X(t+1) || = 1
X (0) =1

X(1)=2

X(2)=3

X@3)=2 ...

Gia st hé tién de nay bang cach nao dé dinh nghia mot quan sét vién, vao
thoi diém t = 2, c6 gang ché dinh m&t luat mo ta vi tri caa hat &y nhw mot ham
sO cua thoi gian dua trén cac quan sat cua 6ng vao lic t=2. R6 rang, quan sat
vién khong thé tién doan mot cach chac chan rang X (3) = 2. Tuy nhién, 6ng c6
thé ly thuyét rang: “Néu mdt hat duge quan sat tai X (t), thi X (t + 1) sé duwgc
lwa chon ngau nhién dong déu tir tap hop {X(t-I); x(t+1)}”.

Trong treong hgp nay, xac suat trong ly thuyét biéu twgng tinh bat xac dinh
co ban cua quan sét vién trong kha nang du doan mot so tién dé ctia hé thong
ong chwra bao gio nghi dén. Do d6, tinh ngau nhién quan sat dwgc trong vat ly
hoc lwgng ti cling twong thich véi y twdng thie té ctia ching ta duwgc mo ta béi
mot hé tién de.

4.3.2 Lap luan dap &ng Hitu than luan
Twong doéi vat 1y chac chan la phu hgp v6i y twdng vé mét thyc té vo than,
bdi vi n6 chi cho chiing ta thdy rang mét thue té€ c6 thé dwgc nhan thite tr mot
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ho tién dé nao d6 ma khong can mdt Thugng DE. Tuy nhién, sy thira nhan rang
su ti y thitc ¢é thé dugc tao dyng theo phuwong thitc tién dé ciing la bang
chitng thuyét phuc dé tin rang c6 mot s thuc té€ co cai gi dé giong nhw mat
Thuwong DE. Bdi vi néu sy ty y thite c6 thé dwge phai sinh trong mot hé tién de
thong qua cac hién twgng xuat hién, thoi cling phdi c6 mot hé tién dé phai sinh
su tw y thitc mot cach true tiép hon ma khong st dung hién twgng xuat hién.

Sv that con nguwdi cé thé c6 nhitng tw twdng dwge chuyén thanh hanh vi vat
ly 1a bang chitng cho thay tw twéng la mot phan cta hé tién dé dinh nghia thyc
t€. Theo nhitng ngwoi thudc phai thong dién Copenhagen, vai tro ctia cac quan
sat vién la bang chitng trye tiép hon vé sy that nay. Vi vay, khong c6 1y do tai
sao mot hé tién dé khong thé dwgc dinh nghia tap trung vé nhitng tw twdng cta
mot thue thé ty y thite don nhat, thé nao dé cho nhitng tw twéng cua thue thé dé
c6 thé anh hwdng hodc chi phdi thyc té caa hé tién dé dé dén bat ky mirc do tuy
y nao can thiét hau dat dwgc tat ca cac tiéu chuan cua ching ta dé trd thanh
mot Thuong DE.

4.4 Két luan
Keét luan co béan cua y twdng twong doi vat 1y la cac quan sét vién ty y thirc
c6 thé ton tai trong cac hé tién dé chang c6 biéu hién khach quan, va sy khac
biét gitta mot vii tru thire va mot vii tru tritu twong duoc dinh nghia theo toan
hoc chi 1a m6t 16i nhin.

Twong doi vat ly khong phai 1a mot 1y thuyét vé vat ly hoc béi vi né khong
dwa ra cac phat biéu kha chitng nghiém. Thay vao d6, n6 la mot cai khung dé
thong dién y nghia cua sy ton tai va vai tro cta vat ly hoc. Mac dau khong dwa
ra cac dy doan cu thé, twong doi vat ly 1a mot y twdng thich dang béi vi no6
cung cap cac cau tra 10i don gian cho mdt s6 cau hoi triét hoc sau sac nhat vé
S ton tai ma cac nha vat ly hoc da phai vat 10n véi: n6 chi cach tranh nghich ly
trong giai thich sy ton tai ctia chiing ta. N6 chap thuan mot (tng dung rong 16n
hon phwong cach ly luan vi nhan dé mo td cac tién dé co ban cua vat ly hoc,
no cho phép chung ta tra 10i cau hoi cta Leibniz, va n6 cho phép chung ta mo
ta nhitng y twdng c6t 16i caa vat ly hoc, nhuw khai niém khong- thdi gian. Hon
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nita, dva trén duy chi don thuan 16gic cua tinh nhat tri, twong doi vat ly khong
doi hoi chitng minh bang thuwc nghiém.
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