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LOI NOI PAU

[ir ngdy 4 thang 10 nam 1957, ngdy ma nguoi Nga
phdng Ién khong gian vé tinh nhan tao Sputnik d3u tien,
nganh khoa hoc khong gian bét diu mé réng va tién xa
wwot bie. Chuyén lén Cung tring hay lén Héa tinh khong
con 13 chuyén khoa hoc hoang dwdng nira mi I chuyén
dawa «dang thye hien. Thiy 6 tim quan trong cua nganh
khong gian nén cic nwée Au chiu va My chau dang
thiét lip cic chvong trinh gidgo duyc khéng gian cho céc
thanh thiéu nién cla xi sé ho.

Déu nwée Viét-Nam ching ta con bi chién tranh
tan pha, diu cho nguwéi Viét-Nam con nghéo nan thap
kém, chiing ta khéng c6 quyén khéng biét dén céc buée
tién cia khoa hoc, la vi ching ta hign sinh séng trong
mot khung cénh khoa hoc, twong lai ching ta tiy thude
vao khoa hoc cia nhan loai.

Khong ngai sy hiéu biét tho thién cda minh, ching
toi c6 gang trinh bay véi qui déc gid, nhit I3 véi céc
sinh vién hoc sinh, mot thuyét khoa hoc néi tiéng bao
trim cac § nigm vé khong gian cia nhan loai ngay nay.
D6 la thuyét Twong-Péi cia Albert Finstein.




Nguwoi ta ké chuyén mot gido sw d3 viét mbt cuén
siach dé giai thich thuyét Twong-Déi cho nguei binh dan
thong hiéu Nhung ho néi thém ring : «Ong gido sw niy
con tai gidi hon Albert Einstein, vi khi 6ng Finstein trinh
bay thuyét cda 6ng thi trén thé giéi con c6 12 nha bac
hoc c6 thé hiéu, bay gio: 6ng gido sw ndy qgiai thich thi
khéng con ai hiéu ndi nivar. Ching t6i hy vong tranh
dirgrc vét chan xwa cda vi gido sw trén va mong ring
sau khi doc hét quyén sach ndy, qui doc gid sé c6 mot
khai niém ré ring vé dién tién khoa hoc cia nhan loai
va vé thuyét Twong-Déi ky quic cia FEinstein.

Sau cing, ching tbi kinh xin qui thiy, qui dbng
nghiép tha thi nhirng cho thi€u sét va kinh mong nhén
dwoc nhirng loi chi din qui héa cda qui vi.
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SO’ LU’Q'C TIEU-SUP CUA
ALBERT EINSTEIN

1879 Einstein sinh ngdy 14 thang
3 tai tinh Ulm, nuwoe Bire,
goc Do-Thai.

1881

1895 Hoc truug hoc & Aaran.
Thuyy.si

1896 Hoc trrdng cao ding Poly-
technicum & Zurich, Thyy-si

1898

1902 Nhéan vién cha vin phong
chitng nhan bing clip phat
minh. Lap gia dinh.

« 1905 Coéng b8 « Thuyét Twong-
ddi Thu-Hep » va mot khio
ciru vé chuyén dong Brown

1906

o

Thi nghiem Michelson-Morley

Roentgen tim ra tia X

Becquerel khim pha sy phéng
xa cia Radium

Ong Bs Curie tim ra Radium

Lee de Forest phat minh éng
chan khéng




1909 Phu t& ging swa vé Vat-ly
Iy-thuy€t & dai hoec Zurich

1912 Gido-su Vat-1y Iy-thuy®t ciia
trrdong Polytechnicum,
Zurich

1914 Nhin vién Han-Lim-Vién
Khoa - Hoe Bue va Vién
Kaiser Wilhelm

1916 Cong bd «Thuyet Tuong-doi
Todng Quat ». Lap gia dinh
lin thi hai

1920 Xuit bin sich -
— The meaning of Relativity
— Relativity : The special
and the general theory

1991 Puoc gidi Nobel Vat-1y
1999

1996 Khio ciu thuyét Trudng
Hop Nhit

1931 Cdug tac voi cac nha bac-
hoc thé gi6i tai vién Kji-
thuat California. Xu#t ban
sach : Cosmic Religion

1933 Doi stng bi dé doa & Burc,
lanh nan tai Bi, r6i sang
Hoa-Ky, Nhan vién Vién
Khéo cltu & Princeton. New
Jersey, Hoa-Ky

Phit minh ra radar

Hitler ¢am quyén va khing
bé ngudi Do-Thai




1936 Vo Linstein m4t

1940 Einstein tré thanh cong dan
M§

1949 Phidn ¢ng nd nguyén-tg day

chuyén diu tién.
Pin Nguyén-té cba Fermi

1945

NG bom nguyén-td diy tién

trong sa mac Alamogordo,
Hoa-Ky

1949 Xuit bian sich :
The world as I see it

1950 Sich : Out of my later years

1951 N6 bom khinh-khi- d3u tién &

quan ddo Eniwetok

1954 Sich : Ideas and Opinions  Tsu /3, nquyén-td d3v tién

Nautilus
1955 Einstein m#t ngay 18 thang
4 tai Princelon, New Jersey,
Hoa-Ky.
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CHUONG 1

NGAY BOM NGUYEN-TU® RA POT

NGi bat trong min dém bao trim trén sa mac 1a mot thap
kim kbf ding sirng sitng, dp linh duoi cac ngon dén xanh
nbal, Mot wit ky la hinh dang thon (dai, nim ngao nghé ‘trén)
dinb thap, ngdm bong minh {rén lan cat triing,

Bén trong cée dai quan sat chch d6 8 cay s0, cdc nhid khoa
hoe va dai dién chinh phit Hoa-Ky dang lo l&ng nhin xuyén
qua bong i6i. Tir trong mot may phat am dil trén trin, phat
ra mot tiéng d€m cham chap: «. .. Bdn, Ba, Hai, Mot. . .» Tiéng
dém vang lén 1ng lon gitta sa mac. Moi ngudi déu nin thé,
hoi hop.

- N& 1

Mot khéi lira khng 10 bt thin toa ra, choi séng giip ngan
lan mit trod, lam d6 rue ca mot viing khoéng gian rong 1on va
tir tir lan rOng ra ngoai sa mac, xuong tén céc ho sau,

Ba muoi gidy sau, mot trdn cubng phong dit doi thdi dén
X0 nga tit cd céc quan sat vien, theo sau mOt loat sfim n6 kinh
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hon, ghé ron tudng chirng nhir 161 nghy tin thé. Mit ddi rung
chuydn nhw lén con sét. Mot cOt khoi tring viron 1én thing
tip roi tda ra nhuw mot edy néim vi dai lo ling & do cao 12.000
thude trén nén troi den tham lim chim céc vi sao.

Biy gio kim ddng h6 chi ding 5 giv rudi sing ngay 16
thing 7 n#m 1945 trén sa mac Alamogordo, ticu bang New
Mexico, Hoa.Ky. Tai ¢hd nd, ngudi ta khong con thily cdi thip
déu nita, thay vao do Ja mot hd sdu gan 10 mét. Cat chung
quanh hé di bi€o thanh mot 1op thay tinh, phan chifu énh mat
trol vira moi 16 dang,

Piy la lin diu tién, con ngudi di bign doi thanh cong
mot 8 lrong nhd vat cht ra cic thit dnh séng, sire nong, 4m-

thanh, chuyén dong. . . ma ngudi ta goi mot tén chung la néng-

Vﬂ nd bome nguyén'tir tpén 1a mot chirhg minh chiic: chfin®
cho cong thite lirng danh clia nha dai bic hoc Albért Einsteln:

E'= mc"

N6 mé man cho mot k¥ nguyén rue ruc ro ciia con ngudi,
d6 14 k¥ nguyén nguyén tlr, mol ky ngayén co thé ning cao
dofi séng con ngwdi lén tuyét dinh ma cling 6 the dem con
ngudi tro lai thov ky sdng trong hang dong.

Du biét riing chiing ta dang thira huwdnmg mot nén khoa
hoc ghy dung biing tim 6¢ clia hang van ngudi ché khong
phiii ctia riéng minh ai, nhung trong nhom ngudi do, c6 mot
viii khuon mitt di ndi bat hiin lén vi edng trinh clia ho anh
hudng ca hang mily th€ ky hay di lam thay doi lich sir khoa
hoe. Mot trong cic khuén mit thong thai do la khuon mit
hin tir cha Albert' Einstein voi b rdn mép rdm rap vé mai
toc bong bénh,

16
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Voi Thuyét Twong-D6i, Einstein lam dio 10n it ci y
ni¢m ve& khong gian cia nhan loai di co tir trude. Hién tap
¢ac nhi khoa hoc coi Thuyét Twong BOi nhwr 14 mot cot try
virng chiic trong thé gioi dai vii tru khong gian ciing nhuw
frong tiéu vii-try nguyén tir.

Trén phwong dién Toan hoe, Thuy&t Twong B 14 mdt
cong trinh tw tlrfrng situ pham va mach lac, nhung (rén
phuong dién thwe nghiém nguwdi ta kho ding eqe thi nghiém
dé kiém chitng. Vi theé thuyét nay c6 mot thoi gian bi ling
quén, chi con do muoi nguoi chuyén mon khio ciru, Vi 16i
mot cach bat thiin vao nhirng ndm gin day, Thuy€t Twong
Boi hoi phyc lai uy the lirng lay cia minh, Nguoi
ta co thé hiéu sw kién ndy 1a do hai nguyén do: didun tién, ti
ngay nguwdoi Nea phong vé tinh nhan tao Sputnik md man cho
thoi dai khong gian, ciec nha khos hoc bit diu chi trong dén
cac bi mat vii tru cang ngay cang nhiéu, do do ho phdi tim
hi¢a tré 1ai T huyét Twong Déi. Bong thoi che phuong (ién thi
nghiem di kha t8i tin, cho phép cie khoa hoe gia kiém chirng
Iy thuyét clia Einstein dé ding va chinh xic,

Trwrée kbi ching ta tign vao trin d6 ctia Thuy#t Tweng-
Doi, chiing ta nén bigt qua dién ti6n ciia khoa hoc trade ngay
Thuy€t Twong B&i ra dvi.
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CHUONG 1

QUA TRINH CUA KHOA-HOC

ANH-HUONG CUA ARISTOTE

SU' CACH-MANG TU-TUO'NG KHOA-HOC CUA GALILEE
| VA NEWTON

Thuyét Nguyén-lwong-tir ctia Planck

Higén-twong quang dién

*
*
% Hai tinh-chat cda 4nh sang
% Chat ether

*

Thi-nghiém Michelson-Morley




QUA TRINH CUA KHOA-HQOC

Ching ta tré lai ngay con ngwdi con song trong cdc hang
ddng fn trai ciy va thit sdng, ngay ma ho chi ¢6 thé chong lai
che thi dir biing cich vat 10n hofic ném da ma thoi,

Tuéng tiwgng vio mot ngdy dep rdi nio 46, mot ngudi
titn sir dang dung hét stre lye ném da chdng lai mol con giul
dir. Hon da bay truwot ra ngoai, triing mot tang da lom va phat
ra mot tia lira. Mot anh lra d6i voi bo nhw la mot phén cta
miit trod. Ho lam lai dong tdc ném da nam mudi lin, 100 ldn
cho den khi efic 14 kho biit chay, Mot ngon lira bung lén soi
sing gwong mit hon hé cha ho. The la ho kham pha ra lira,
mot phal minh quan trong diu tién cia nhéin loai. Tir ddy vé
sau, ho chi cin co xat that manh hai miéng da lra la ¢o
thé ¢6 mot ngon lita dé dun chin thit. Ngon lira néng do
niy giap con ngudi cai thién doi sOng, danh duoi tha di khi
man dém buong xudng va soi sdng ho trén bwée dudng tién bo
yiin minh. <

Din din con nguoi bigt ché tao ra nha cira, xe ¢ ché vt
dung v cdc tién nghi cho doi sdng.
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ANH HUO'NG CUA ARISTOTE

bén khodng 350 nim trwée Thidn Chia Gidng sinh, xuit

bién mot nha thong thai bist sip x€p cic hign twong, cie lubng
tir-twong theo hé thdng minh bach. D6 1a nha thong thai Aristote,

Trong sudt nhidu thé ki, tw twéng clia Aristole ngw fri

trén toan thé Au-chau khong nbirng vé khoa hoc mi con vi

triét 1y nita,

Aristote wéc lirong rang mot ngay ndo dé con ngudi sb
dat dwoe tat ca sw hiBu bigt v& thien uhien nho viio Iy-ludn
theo nguyén tic thong thudrng, Theo nguyén tic do ngudi Lo
cho ring moi vat thé roi xuéng dit chi 14 13 thwdng vi chinh
mit dit 12 chd & ciia moi vat ma. Cing nhw khoi thi phai
bay Ién troi d& tao ra may vi trén d6 12 ¢hd tra noy cia
hoi va khoi, Aristote tin rang anh sang thoat ra tir miy Con
nguoi. Khi né chi€u trén miot vt nae thi (a thity: vat dé. Ong
chiing bao gitr nghi dén viée giai thich tai sao ¢hiing 14
khong thé thdy trong dém 15i.

Tuw tuwdng cha Aristote diroc coi 1A mot tin didu, anh
hueéng séu xa trén toan thé Au chau trong audt théri Trung
¢d. Cac nha khoa hoe lho nay cho ring moi vat thé duee
cdu tao bdi 4 yEu 5 chinh : lira, dit, khong kb, murée
chiing bigu bhiéu eho bén tinh chif cdn ban nong, lanh, kho
va dm wot. Ho ciim cui trong phong thi nghi¢m dé ¢d tim
ra mit loai diem kim thach®, mot hon da khi cham vio day
thi ché do bién thanh vang. Ho mong giai thich duwoe g
suo hign twgng ndy xdy ra, fai sao chitng ta ¢6 mill trén tein
thé nay.., it c& cii gi ho cng ¢6 ging tm ngudn g

R ——————————— —
¢ Pierre philosophale.
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phat sinh ctia 0. Con duwong ho chon da din ho dén mot
duwdng ciing khong 16i thoat.

s’ CACH MANG TU TUONG KHOA HOC CUA
GALILEE VA NEWTON

May thay dén dau the k¥ 17, Galilée xuilt hi¢n nhir mot
vl sao sang hwong dan nén khoa hoc trér lai ding durong cia
n6. Galilée kbhong tim hiéu tai sao mé chi ¢d sing giai thich
hien twong xdy ra cdch ndao va diing ede’ thi nghigm ki¢m
ehirng lai. Tir dily ngwol 1a bt diun phan tich, gidi nghia, lap
che dinh luat todn-ly cho ¢hc hién lurong:

Trong si roi lu do, theo quan niém Aristote thi moi vat
phéi roi xudng dit la vi Thuong d& mudn nhu vay. Galilée giai
ihich mot vat roi s& chuyén dong nhu thé nio, nhanh hay cham
lam sao va diing thi nghicn d& tim ra cac phwong trinh ela su
roi. K& dén, Newton kham phara ring st roi 14 do sirc hut cia
trai dft va dung thi nghiem kiém chirng lai. Theo tinh thin moi
ngwdi ta khong fhiic mic tai sao trai dit sinh ra sire hut.

Cac kham phé clia Galilée roi ciia Newton sau niy dem dén
cho nhén loai cac y niém veé luec, vé ap sufit, vé cic dao dong
vh chc ludng song. .. Nguoi fa thily dwdng nhir khong ¢6 mot
hién twrgng thién nhién nao ma khong dwoe thuwe nghiém, ma
khong duge chirng minh biing toan hoc chia Newlon, vo1 moOt

d6 chinh xac dang phuc,

Newlon duoe coi nhur 12 mot dai biac hoc ciia nhan loal,
voi Luat Van Vat Hip Dan, Ong giai thich dwge hau het cic sur
chuyén vén cha chic hanh tish, tinh td. Ngoal ra Newlon eon
Kkhai trién mot thuyet tong quat vé dnh sang gidi thich cac hi¢n-
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teong quang hoe théng thieong nhe phan chidn 4nh simg, khic
X, sw tan siic dnh sing triing va su két hop miu sie,

Bit ddu tir ddy, khoa hoc bude nhitng bwée nhiy vot va
¢6 khuynh huéng di sau vao bin thé cha vat chit.

GIA THUYET NGUYEN LUQNG CUA MAX PLANCK

Ném 1900, Max Planck néu ra gia thuyg€t Nguyén lrong
hay lwong L, hiu gii thich vai bai tinh vé cic phiic xa (bire xa).

Mot nguti bigt riing kbi dst nong mot vat kim khi thi no sé
phit quang : lic dau vat chay do, réi-sang mau cam, ving va
sau cung la chay sang triing, co nghia la vat phat ra cae plic

X ¢0 do dai song khac nhau tity theo nhiét do dét nong. Trong

suodt the ky 19 efic nha bac hoe tim eich thidl lan mot dinh
ludt lién quan vé sw bign thién nang lrong phat ra déi véi su
thay d6i do dai song va nhiét do. Nhung tdt ca 8 géing clia ho
déw thiit bai, cho déa ngay Planck tim ra dwge mot phuong
irinh todn hoc nghiém ding cic két qua thi nghiém.

Boc ddo cha thuyét niy 13 viee Planick cho ring ning lirong
phit ta khong lien tue ma 1a lirng phdn nho réd rac ma ong goi
Ia ngurén leong (quantum). Mi nguyén lwong mang theo mot
nang-lirong la : E = hN

N Ia tdn s8 clia phiic xa phat ra.
h goi 1a hang s6 Planck, h = 6.625,10-34 Joule.s (MKS)

Thi nghi¢m cho thiy n¥u dem do <5 ning lwong phat ra
chia cho tin sd cia phic xa, la luén luon duge mot boi sé ena b

Su kham pha clia Planck chi dwoe tan dung vao niam 1905,
dm ma ngoi sao clia Einslein bit dia sang choi,
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F

Dudng nhir trong s8 céic nha bac hoe thoi do chi c6 mot
minh Einstein d¢ y d€n sw quan trong ciia gia thuyét Nguyen
Lwong va ap dung n6 vao mot hién twong khac.

Finstein cho ring cic ning lwong phat xa nhw énh sang,
nhiél, tia X. . . truyén di trong khong gian dudi dang cic nguyén
lirong 101 rac, khong lién tuc. Gia st chiing ta ngdi truoc mot
ngon ltra, ching ia cim thiiy nong la do két qua clia vo so hat
nguyén luwong nhiét biin vao da thit. Nhin céc vat, ta thay ching
¢t mau khéc nhau la do cac nguyén hegng anh sing khac biet
dip vio L& bao mit. CAc nguyén lwgng anh sang niy thay doi
theo tin 8 N ciia mai logi mau va Einslein goi ching la photon
hay quang Lt

HIEN TUQ'NG QUANG DIEN.

Einstein dwa vao thuy&t photon de thi€t lap mot dinh ludt
cho mot hi¢n twong ky la.méi kham pha ra va dwoe goi la
tac-dung quang di¢n.

Cac nha vat 1y thoi bdy giv khong gidi thich dwoe su
kién sau ;

Khi cho mot chum tia &nh séng thich hop bin vao mot
bang kim-loai nguoi ta thiy cd bin ra dién tir. N&u inh sing
6 tin s6 thip hon nbuw dnh sing ving hay do thi ciing c6 tia
dién tie phat ra nhwng vdn t8¢ chdm hon rd rét. Vin téc cic
dién ti thoat ra khong tiy thude vao do sang cua chiim tia ma
¢hi tiy thude viao mau cia tia sing, hay noi rd hon tuy thuge
vio Uin s6 clia tia sang bin vao bdng kim khi. Pem ngudn sing
ra xa va che biing mt mang mong dé c6 mot chim tia y&u
ot cie dién ti thoat ra tay it hon nhung vin téc vin khong
giam baét. | '
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Hinh v& gidi thich tic dung.quang dién cla Einstein nam 1905.

i
Mot ngudn sdng phéng cde tia sang lén m¢t manh kim logi mong,
$¢ phat ra cde tia dién i, Thayét dnh sdng séng khong giﬁ_i thich dirpe ‘
hi¢n twong niy. Einstein eho riang dnh sing khéng phai la mdt dong -
rang lwgng lién tuc ma né gém vé s8 vi F chira ndng lugng, Ong goi !
chitng I cdc pholon (quang tit). Khi cic quang té dén bang kim logi sé }
dip véo cic dign 1t cfia bing va lam vang edc dign bk ndy ra ngoai, ]
Vin (6c viing ra tig theo ndng legng mang béi pholon, ‘ ' 'H




Einstein gidi thich hién twgng quang dien nho vio khal
niém hat photon anh sing tren.

Mai loai énh séng gom vO s& hat photon. Moi hat
photon mang mot nang lwong E = hN tuy thudc vao tin
s8 ciia anh sang, Khi bin anh sang vao bing kim khi thi
cac hat photon s& va-cham cic di¢n-1r va nhuwong s ning
lwgng mang theo d& cic di¢n lir thodl viing ra. Tia sang ¢o
fin s cang cao (hi niing lwgng ma cic di¢n (o nhin cing
nhigu, do d6 van tdc thodl ra cua cac dien tw céng lon,
Néi tom lai van téc thodt ra cia dién tir {i 1¢ theo niing
lrong ciia photon biin vao.

Einstein phat biéu nguyén tic trén biing mot loal phuwong
ttinh toan boc va cac phuong trinh ndy dem lai cho ong
gidi thuwdng Nobel vé Vit Iy,

Nbe vao cong trinh trév, nguwdi la ap dung tic dung
quang dlén 'g&ﬁl#iéﬁ ¢ tao 1€ bae quang dign dung trong
vo tuyen truyén hinh, trong mat di¢n va phim chiéu béng.
Kham pha clia Einstein vé cac photon anh sang dem lai
¢ic i cho chc nha thong thai, vi hién twong quang dién
trén dd di nguoc lai thuyét anh sing song cua Young va
Huyghens.

HAI TINH CHAT CUA ANH SANG

Trude kia dé gidi thich cac bién tuwong giao thoa, nhiéu
xa 4nh sing, cdc nha vat ly Young va Fresnel di bac bo
thay€ét cla Newlon cho rting &nh sang gém uhiéu VI thé,
va phat bidu ring aoh sing hop béi nhirng lubng song.

Piat mot soi téc ndm trong khoing moOl.ngon dén va
man 4nh néu anh sing gém nhitng bat nhé thi soi toc sé
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cin 4nh sing dwoc mot phin nio vi s& da mot béng nho
trén lwong ; ding niy nguoi (a khong dwge mot bong ndo
lrén twdng ca, dudng nhw dnh sing di nhiy tran qua soi
toc nhw mot lan séng nwéde trin qua mot gop da nho.., Twong
tw, roi mot chiim tia sing qua mot 18 hong nho, ta thily trén
man mot vong lron sing rd rang, nhung néu 16 ndy nhd cé
I6 kim thi trén man ¢6 nhiing vong sdng toi dong 1am, Hai
hién twong trén dwoc goi la hién twong nhiéu xa.

N

Hién twong giao thoa 4nh sing : Hai khe hé
¢o tac dung nhuw 2 ngudn sing. Nhin trong kinh
nhiim, ta thdy nhiéu vach sing tdi sen k& nhau.

Thay vi mGl 16 ta ding hai 16 nbé diit ghn nhav, trén man
sé hi¢n ra nhirng dai sang 161 song song nhau, Ta ¢6 thém mot
hién twong khac goi la hién twong giao thoa dnh sang va chi
gial thich dwoe khi ta chiip ahan anh sang 1a cic luﬁng song .

hai ludng séng dnh sing phat xuft tir hai 16 oho s gino thoa

ihau trén man gidng nhau nhir hai leon song rén mit nude
giip nhauo; khi hai ddu song trung nhau ta co mot dai sang (anh

sitng clia hai tia bo tae cho nbau) va kbi hai diu song doi nhau
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ta c6 mot dii 13i (hai tia sing khir nhan). Anh sing chi ¢o the
14 mot ladng song rung dong moi sinh ra hién trgng hai Iuding
sang hop nhau cho ta mot khodng 8i nhw trong hi¢n tugng
giao thoa nily. Cac hién tirgng nhi¢u xa va giao thoa anh sing
s@ khong xéy ra khi anh sang dwoe cilu tao bing nhirng vi the.

Trong hai thé ki, cac Iy thuydt va thi nghi¢m déu dong y
xic nhan anh sang phai la mdt hién twgng séng. Gio day cac
dinh luat quang dién cta Einstein chimg minh rdng anh sing
ciing phdl gom béi edc hat photon.

Vay thi dnh sing la nhitng ludng séng hay la nhirag vithe ?

Cau trd 1oi dwoe nha véat 1y tré tudi ngudi Phap Louis
de Broglie gidi dap vao nam 1924. De Broglie trinh bay mot
ludan an cho réing anh sing dwoce ciu tao boi cae vi the va
cic vi thé niiy khi chuyén dong c6 kém theo song.

Mot thoi gian sau khi De Broglie dua ra thuy®t trén, nha
bac hoc Schrodinger b khuy8t thém va khai trién thanh mot
hé thdng toan hoc ding dé giai thich cac hién tirgng nguyén
lwgng va cac su di chuyén clia nhirng vi thé trong nguyén tr
Hé thdng niy dwoe dit tén la Co-Hoc Ba-Dong,

Hai pim sau vao ném 1927, hai nba béc hoc Hoa Ky
Davisson va Germer diing thi nghiém kiém chitng dwoc su
chinh xée cfia hé théng Co hoc Ba dong va di dem giai
Nobel lai cho De Broglie.

CHAT ETHER (E-TE)
Tir khi giti khoa h:;n: chfip nhin anh sang la mot h¢ théng
song truyén di thi ho roi vio mot trwdng hop kho giai quyét
khac, Ho nghi riing cling nhu séng co hoc, mol lan séng dnh
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sing mudn qua mot lop niwée, khong khi hay khodng chan
khong trong vii tru, thi khong gian phidi chira dung mot thi
gi d6 twong tuw nhw vat chiit dan hoi bity gi* anh séng moi
truyén di dwoe. Che lan song sinh ra do mot chiéc tau phai
nhe moi trodmg nuwde mébi truyen di dwoe. Ciing nhur Am
thanh, néu khong c6 khong khi thi khi ta noi, khong ai nghe
drge mit tigng nao cd ; khong khi 14 moi trirng truyén tiéng
noi cuw ching ta ra khiip moi hwéng. Nhuw vy cai gl da
truyén anh sang di khiip noi trong vl tru ?

Huyghens tra 1oi : « Bo 1a chilt ether. Chit ether 1a moi-
truong truyén cac lin song dnh sang. Ether la mot chit vo
hinh, c6 tinh din hGi va tran ngdp khap khong gian, thim
thitu trong moi vat chit »,

Ether theo ti€ng Hy-lap ¢t nghia la khong khi, biu troi
hay viing thwong ting khong kbi. Quan ni¢m ether khong phai
la mot quan niém méi mé gl, nd dd c6 tir thai thwrong cb.
Aristole cho riing ether 1i yeu 10 thir niim cia tao vit ehit,
Ong vi€t nhw sau : « Trai dit bao boe boi nwée, nwée hivi
khong khi, khong khi boi ether. Beén ngoal elher thi kbong c¢o
gi cd .

Trong nhién thé k¥, ngudi 1a chiip nhén ether ma khong
thic mie. Sir Oliver Lodge néi ring : « MOt con ca séng dwdi
day siu cua dai dwong, khong ¢6 chch gl hiéu duge s hién
hiru ctia nwée chung quanh né vi nuée im ling va khong xao
dong ; ether ddi voi ching 1a ciing twong tw nhir vay », Khong
ai c¢o thé thiy hay cam giae duwoe chilt ether vi né tran ngap
théan thé, ngay trong ed Xuong tiy caa chiing ta. Cée nha bée
hoe con thém rfing cic song dign tir ciing duoc ether truyén
di. Nguwéi nao khong chdip nhan s hién hitu cha ether
dirge coi nhw mot k& noi thu chay trén bién ma khéng
cin nwoe.
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Tuy nhién mot vai nhd bac hoe mudn ring phii ¢6 mot thi
nghi¢m ro rang cintng minh sy hién hitu cha ether, Maxwell
ddt viin dé nhwr sau:

«N€u ta c6 thé xfic dinh van tde ciia anh sing bling cach
tim thoi gian dé anh sing di t mot tram quan sit nily dén mot
tram quan sil khée, thi ¢hing ta cling ¢ thé so sinh né voi
van the dnh sang di ngwee lai dé (im ra vin t6c echa ethery,

Tir séng ki€n trén, Albert Michelson nhiil quy€t bit tay
vao viée fim mot thi nghiém kiém chirng swr hién hivu ctia ether.

THI NGHIEM MICHELSON — MORLEY

Bi€t riing hanh tioh clia chiing ta chuyén dong trong khoéng
gian voi vin 0e S0kmlgidy, Michelson wée lwgng ring véi
vin toc kha lon niy, chuyén dong cha (rai dit s€ tao ra mot
aluGng gi6 ethers gidng nhw mot ludng gio khong khi théi vio
miit khi ta chity nhanh viy. Ong cling ngwrdri ban Edward Morley
nghi dén viée diing hai tia sang di ngwoc chitu nhau va cung di
mt kliodng duwdng, Gid st c6 «ludng gio ethery thi mot tia sé
bi cubn theo ludng gié trén va ¢6é van tdc lon hon, trong khi
tia sding kia s€ bi cdn lai nén ¢6 van 3¢ nhod hon.

Bé do chinh xéc thoi gian va van (8¢ ma dnh sdng diing
dé vurgt qua quing dudng dd dinh truoe theo khip moi chidu,
hai Ong tao ra mot dung cu khi tinh vi mi hai Ong goi la giao
thoa ké.

(Giao thoa k& nliy gém mot hé théng gweng diit thé ndo
cho mol ehium tia sing dén s€ bi lieh lam hai tia theo hai
phwong thing goe nhau, hai tia niy s& dirge phén chi€u lai
trén mot kinh nhiim. Néu ching dén kinh nhiim ciing mot thoi
gian thi mit dit tai kinh s€ thily mot vét sang tai chinh giita
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Thi nghiém MICH ELSON-MORLEY

. Tai lam cia Gido-thoa-h# Michelson, ngudi la dat madt gwong (hiy
linh A. Guong A dwge irdng bac mgl phiin, thé ndo cho dnh sing chi
$H§€:ﬂ qua phéin nita va phan chit'y phan niva, Mot lia s&ng dén mf A
sé‘. b:i lach lam déi : mdt niva di nga ACAM, mot nira kia di duin ydﬁfﬁf
Vi tia ACAM mugén qua 3 lin lép thay tinh ciia guong A i’rﬂnggr khl: 'H"
IAP;M?I; ;{:::? :i:ugfénhqm*{ m_gif_'a'ﬁﬁ', nén de bi trie s qh&rﬁ 8, ngurdri la d't;:
. gu;ng A-.Hg di cua tia ABAM mgt girong lrong sudl cb be day nhue

.H'-f ihgﬂg ﬂfﬂﬂ-fﬁﬂﬁ:ﬂ‘ﬁ- .-ﬂag! ﬂmp-g 10 -3 : :
| : WU ndy dugre yoay khap moi hwdng, Thi nghiém
cho thiy di & phiwong hwing ndo, hai lia sing cing dén m i
_—, . L : . m&t t
nghta la ¢6 cing vin lae, flaa fipe i,
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con nfu Auh sing & bai phwong thing goc do khic van tac
nhau, nghfa I dén kinh nhiim khong ciing mot lic thi miit ta
s¢ thifly mot hé thong vach sing t6i xen ké nhau (hién towong
giao thoa),

Thi nghiém cho thily trong bt cir phuwong hwdng nao,
anh sing cling mit ﬂ'lk@t theri gian nghia la co cling mot vin
tdc khong dbi 209.793km/gidy.

Thi nghi¢m Michelson-Morley lam mot s bace hoe nghi
riing chiit ether tran ngdp trong khong gian chi 14 mgt chitl
twéng twong, khong co thue.

Nhung c6 nhigu nha vat 1y khic cd ging gidii thich lai sao
hai ong Michelson, Morley khong thdly sir higén htru ciia «ludng
gi6 ether». Mot trong nhitng ¥ kién Iy ling nhut la cia Ong
George Fitzgerald. Ong ndy cho riing hai O0ng s di khong
phat. gide . dwoc sw hien hita clia ludng gio ether la do cac
dung en do leong @i thay d8i theo van tdc, hay neéi tring
ra dung cu ctia hai ong bi rut ngiin vira ding dé eho hai ong
khong thily suw sai biel. Luc biy git, khi bi chiit vin Filzger-
ald ling Wing trong viee giai thich 1y thuy€t cta minh,

Hai nim sau, vio nim nim 1895, mot nhé théng thal
Hoa Lan tén Hendrik A.Lorentz cong bd mot chirng minh toin
hoc ¥ niém ciia Fitzgerald va tir d6 hién twgng rut ngin nay
dwoe goi 1a hiéu ng Fitzgerald — Loreniz.

Theo cic phwong trinh eciia Lorentz thi mot val kh
chuyén dong s€ co chién dai thay doi. Mot chiée xe hoi chay
vai van 1oc 80km/gidr sé bi rat ngén chifn dai d¢ 5.10-1 hay
0,00000000005millimeét, Sy rut ngin ndy qua nho nén khong
thwée ndo co thé do duge cd. Nhung voi van téc lom, giin
bling vin toc Anh sing, sir rit ngin s€ rd rang hon, Vén t0¢
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cang 1én sy ral ngian cing nhidu, Mot cay thude di chuyén
voi van t6ce bing 90% van i8¢ anh sing sé vt ngin di phéan
ntra. Qué gioi han nay, sw rit ngiin s& nhanh hon. Néu edy
thude bay voi van tc anh sdng thi theo Iy thuy®t chy thude
s€ rut ngin 100% nghia Ia nd sé bitn mii hin.

Vai vin toc ma trai a4l chay quanh mat troi, giao thoa

k€ ciia Michelson.Moriey chi rit ngfn di 1 phiin 200.000.000 "

theo phwong chuyén dong; di qua nhd nhung cfing dti dé hai
ong khong nhin thily sir khic biét giira hai tia sang thing goe.

Trong gi6i khoa hoe, ngudi ta vilt chu tim dén thuyét cua
Fitzgerald.Lorentz va thi nghiém Michelson.Morley, Ngurivi
diic biet chu ¥ dén nhi€u nhirt 1a Albert Einstein, lic da dang
1d mot nhan vién tim thuong cia viin phong chitng nhan biing
ciip bén Thuy.si, Dwa vio cong trinh ecla Michelson-Morley va.
i ¥ nigm cia Fitzgerald-Loventz, Binstein cieh mong khoa yat I

H, 4 : Michelson, Einstein vi Millikan
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cua the ky 0 béing cich dung 1én mét ki€n trie méi cho vii
tru qua thuyét Tuong Déi,

- Thuy@t Tirong P&i ndly gém hai phéin :

— Phén ddu goi 14 Thuy€t Twong Bdi Thu Hep duwoc cdng
bd niim 1905, khdo ctru v& suw chuyén dong, vé anh sing, thoi
gian, va vé su lién quan gitta khoi luwgng — ning Iwong.

— Phin sau got 14 Thuyét Twong D&i Tong Quat, cong bd
niim 1916, khio sit sw chuyén van cta cdc hanh tinh trong vii
iru va lue hiip din gitra céc thién thé,
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CHUONG III

THUYET TUO'NG-POI THU HEP (1905)

CHUYEN-DONG TUO'NG-DOI
VAN-TOC TUYET-DO! CUA ANH SANG

* Tinh cich tvong déi chia sir dong thei
THO'LGIAN TUO'NG-DOI

%* Su nghich-l{ clia Langevin
KHOI-LUQ'NG TUO'NG-DOI

% Khéi-lrgng va Trong-luweng

% Sy twong-déi cla khéi-lugng

SU TUONG-BUONG GIUA VAT-CHAT VA NANG-LUO'NG



THUYET TUPONG-POI THU HEP (1905)

\ CHUYEN DONG TUONG-DOI

: Thuyét Twong Doi duge xdy dung trén mot s& nguyén 1y.
Nguyeén 1y, ciin bin din tién ma Thuyét Tweng-d6i Thu Hep
chiip nhin, phat biéu ring:

T4t ca chuyén ding déu twong [déi.

Finstein Tic 26 tudi, dang trinh biy

vé .'I-’huj*ﬁt Tuong BOi Thu Hep.
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Trong cac khao cin khoa hoc thong thwong, nguol fa
{thwing coi trai ddt nhu 1a mot hé thong bat dong. Néu chiing
ta mudn, ching ta cé the cho riing cdy c6i, nha cilra, bin ghﬁ
déu bt dong trong khi thu vit, xe c0, tan bé chuyén dong.
Nhung voi cic nha thién viin, trai dit lai ¢c6 mot chuyén dong
phitc tap frong khong gian: khong nhirng trai dit fw quay
quanh truc 40,000km moi ngay va chay vong quanh mat troi
30 cay s6 mobi giay, ma nd edn bi 16i cudn guay cudng theo
con 16c vii fru. Thai dwong hé eta chiing ta va cic ngol sao
chung quanh eciing chay dua voi nhau bén trong gidi Ngin
ha voi van t8c kinh khing 300km/moi gidy, va chinh toan
thé gidi Ngan ha ciing di chuyen ddi voi cac thién ha khac,

Chiing ta chi co thé xac dinh céc chuyén dong hoin loan
do bitng chch so sanh -:huyéu dong cua thién thé niy ddi voi
thién the khie, ctia trai dat déi véi mil tead, ctia mat tréi doi voi
sa0 Véga... nghia 12 tit cd chuyén dong do deéu twong doi ca.

—

quf-uﬁgn cus o N
tral dat |

flhli)'?iﬂ dang hrong d0i cta mdl tring,
Lrai dat vii mat tron trong khong gian.
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Newlon nghi réng trong cic chuyén dong twong ddi phi-
thutng ndy, it nhit cling phii ¢6 mot chuyén dOng tuyét doi
nghia 13 mot chuyén dong dwge xac dinh d8i véi mot didm
titu chuiin ¢d dinh trong vii tru. Ong cho réng trong nhitng
viipg xa xéim, ngudd ta s€ gip nhitng ngodi sao ¢8 dinh hay
nhitng thién the tuyét-ddi bt dong. Nhurng 6ng tha nhin ring
ching ¢6 phwong tién nao ¢6 thé chirng mnh dwoc digu do.
Ngoai ra, Newton coi khodng khéng gian nhw 13 mot thue
thé vat 1y, toyét ddi bit dong via do d6 Newton dung khong
gian nhw 14 mot khung tiéu chuin nho dé ngrdi la c6 thé
xi¢ dinh dwoce cic chuyén dong cla chc ngodi sao va thién
ha. Vi khong the chirng minh sw kién ndy bing cic Iy ludn
toitn hoe, nén Newlon dya vio cic Iy 1& thin hoe : theo ong
khong gian biéu hi¢u cho sy hién dién ctia Thuwong dé &
kbip moi noi trong thién nhién, Trong hai the ky, quan diém
cua Newlon duwge coi 14 thich hop nhit.

Biy gitr Einstein bac bd quan‘diém (rén cia Newton. Ong
cho ring khong c6 mot diém nao trong khong gian ¢6 dinh dé
¢o thé ding n6é lam titu chulin xac dinh cic chuyén dong clia
frai dit hay thién thé khac. Vi khong co di€ém nao c8 dinh
nén ta cling khéng c6 chuyén dong tuyét ddi. Theo ong, néu
loai bo tdt cd cdc ngdi sao, cac thién hd trong vii try thi
khong gian ciing khong c¢on nira.

iKhi Einstein ap dung nguyén ly chuyén dong twong doi
vio viée giai thich chat ether thi 6ng nhan thily riing khong
the ndo chitng minh dirge sw hién hitu cla ether, B¢ tranh
dung chir ether, Einstein d€ nghi noéi 4nh sing ¢6 dic tinh
truyen trong chan khong. |
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Nguyén 1y ciin bin thir hai ctia Thuy&t Twong Bdi Thu
Hep biit nguGn tlr cic y niém di biét trirée hang trim nim
va dwrge phat biéu nhu san :

Tat ca hién twgng va dinh luat thién nhién déu gidng nhau
trén moi hé théng dang chuyén dong déu hay dirng yén.
o trong mot hé théng dang chuyén dong déu hay tuyét
d6i dirng yén, ngudi ta khong thé chirng minh dwgc hé
théng d6 dang chuyén dgng hay khéng.

Khi chiing ta di du lich trén mot mot chiée tau hay frén
mot chiée xe hoi dang chuyen dong déu (van tdc khong thay
d8i bt thin) chiing ta c6 thé lam mot thi nghiém nho nho sau ;

CAm mot dong tién ¢ mot tay, con tay kia dit ngay dwdi
theo phwrong thiing dirng. Budng ddng tién ra, Chiing ta nghi
riing trong khi déng tién roi thi xe di chay téi duwge mot
doan nén dong tién s& khong roi ding vao tay dang hing.
Nhirng thuwe t€ dong tien roi ding vio bin fay duwdi. Mic dit
xe dang chuyen dong déu, hi¢n twong roi ciia dong tién xay ra
gibng nhir 14 xe dang dirng yén. Néu xe chay that ém va khong
c6 cira sO, ching ta s€ khong bi€t xe ¢6 chay hay khong, va khi
md ctra ngd ra ngodi, ta moi biét xe dang chay. Nguwoi ta chi nhdn
thdly su chuyén dong khi c6 sw thay doi vitri doi voi vat khae

Hién giér chiing ta biét ridng trai dit quay quanh mit trod
y&i van tée rit lon nhung chiing ta van khong cam thiy minh
dang chuyén déng qua khong gian va téi bdy gio vén chua
¢6 mot thi nghiém ndo thuc hién trén mit dit chirng minh
dwoc trai ddt dang chuyén dong quanh Midt Tréi (thi nghiém
con lic Foucault chi chirng minh Trai Dit xoay quanh minh).
Chiing ta biét s kién ndy nh& vdo sw thay doi cic mua va
nhé vao quan sat vi tri cha trai ddt d8i voi mit trol va cac
ngdi sao k€ bén.




Mot dinh luat thién nhién kham pha duoe trén mit dit co
the suy dién 4p dung vio cac hanh tinh hay cac thién thé khac,
Nho mot trai bom roi tring mink, Newton tim ra dinh luat
hifpdin ctia qua At va tir d6 ong dwa ra dinh Inat van vat hiip
din giai thich cic chuyén ddng ciia cic hanh tinh va ngoi sao.

Hai nguyén ly trén clia Einstein khuyén cic nha thong
thad dung ¢ gang im cho khéng gian vii tru mot chuyén
dong tuyét doi, Ho s&€ mit cong toi khi mudn tim cac van tdc
that st ¢iia che thién thé, Thién nhién khong gitip ching ta
mot diem e dinh ndo d& fa co the xic dinh cde chuyén dong
quay cubng clia cac thién thé vi dai niy.

Khai ni¢m chuyen dong twong d8i dwa ching fa ién
tuong dén van téc lwong ddi cta cac vat, Mot nguwdi dang &
trong mol xe ltra chay voi van tde 40 km/gi¢r, N&u anh ta buée
di ciing chiéu voi xe voi van tde 6 kmfgio thi van (e twong
doi-cuaranh ta dSi voi mitddt 1 10 ¢ong 6 hay 46kim/gic. Néu
di ngwoe lai thi van tée trong doi cua anh s& 13 40 trir 6 hay
Skm/gio, Nguyén tic cong trir van tdc niy dwa vio cac Iy 1&
hién nhién thong thuong va dj duge ap dung tir thoi Galilée
vao cic bai linh vé chuyén dong phire tap, Nhirng nguoi la da
gip nbiéu kho khan khi ap dung nguyén tie do vio anh sing.

VAN TOC TUYET BOI CUA ANH SANG

Mot sw kién khong thé chdi cii ma thi nghiém Michelson.
Morley cho biét la van tdc efia anh sing khong hé bi anh.
hudng boi su chuyén: dng clia trai dit. Einstein dua vio dé
ly ludn ring : néu van Be anh sing khong doi va khong tuy
thuge véo chuyén dong cia trai dit, thi no cing khong tuy
thuge vao chuyen dong elia mit trov, clia ngoi sao hay clia cac
thién the phat ra 4nh sang. Ngoii hai nguyén.ly cédn ban dd
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mot chige xe lira dang chay t6i nha ga v

néu trén, Einstein phat bidy mot nguyén Iy cin ban thir ba
cho Thuyét Twong-Doi Thu.Hep :

Van-téc anh sng tuyét déi khéng déi va khéng tiy thuje
vao chuyén dong ciia nqusn sang hay quan sat vién.

Ngoai triv 4nh sang, khong e6 cai gi giong hét nhay trong
2 giay lién ti€p. DAu cho ngudn phat ra énh séng Ia mot cﬁy
dén cdy nho bhé hay mot dén néon sang ruc, v
sang ciing khong thay ddi,

an téc clia anh

St kién la ky ndly duwoe xac nhan trong cac nghién eiru vé
ngoi sap doi, Trong vii tru co nhirng cip ngodi sao quay quanh
mot diem trong tam chung cho ¢a hai; vi th& khi mot ngoi
sa0 ndy chay lai gin Irai dit thi ngoi sao kia dj chuyén ra
xa Viee phan tich ti mi cac quang phd cho thay edc tia sang
phat xufit tir ngoi sao dang chay lai gin trai dit co vian toc
bing vin téc anh sdng cla ngdi sao tich ra xa, Van tge dnh
sang la mot hing 86 *phf% (quial cta thién nhién, di cho chiing
ta ngoi trén mot phi thuyén bay véi vin t8¢ 4nh sang thi cac

=

tia sang dén chiing ta van Ia 300.000 cay s6 moi giay khong
hon khong kém.

Tinh céch twong-dsi ciia sy dong-thoi,

Einstein di sdu vio vin dé béng cach diing mot thi nghiém
twdong twong khac:

Mot quan sat vién dirng tai mot bén nha ga xe ltra, tranh
mot con bao dir doi dang thoi dén, Bong hai tia sét giang xudng
cung mot hic tai hai diém A va B {rén dudng riy, Gia six quan
sat vién dirng ngay chinh gifia doan dudmg AB, hic do anh ta

thily bai tia sét xdy ra cling mot lie. Bay gior hily twdng trong

a ¢o0 mOt quan sat vien
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thit hai trén noc xe, Ta cho riing khi quan sat vién thu hai
dén vira ding trude mit quan sat vién thir thi hai tia sel
giang xudng hai didm A,B. Ngudi fa s hoi 4nh séng clia hai
tia chép ¢6 dén quan shf vién thir hai ndy mot lwot khong?
Einstein tri 1oi réing khong, quan st vién thi hai s& nhén
tia sang tir A dén trude, nghia la tor hurdng ma xe chay 1o1.

N&u chiing fa con nghi ngdy, ching ta ¢6 thé twong twong
xe chay v& phia A voi vén tc 300.000km/s. Trong truwérng hop
ndy, quan sat vién thi hai s@ khong bao gir nhdn dwge énh
sang cla lia sét B, vi tia sang d6 chiing bao gio di nhanh hon
xe. Lic d6 quan sat vién thir hai co thé xac nhdn chi ¢ mot
tia sét xudng dudng riy.

Diu cho van t8c ctia xe bao nhiéu di nita, quan sat vien

~ thir hai luon luon noi rling tia & trwée mit anh ta danh

xudng duwong riy truée, trong khi ddi voi quan sat vien dau
tién thi hai tia sét dOng thoi xay ra mot hrot. Vay thi quan
st vién ndo ¢o Iy ? _

Einstein tra loi tiép ! Ca hai d&u c6 1y, Liy diém tiéu
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huin 1A nha ga thi quan sit vién thi nhit cé ly, nhung d8i
voi xe hoa thi quan sat vién thir hai co ly. Tinh cich dong-
thei cha céce bién ¢d 1a mot tinh cach trong d6i va chi co y

nghia khi ndo ta xét cac bin ¢8 trong cing mot hé théng
tien chudn ma thoi !

Ong nhiin manh : «Mai hé théng titu chudn déu ¢o thoi
glan riéng cha n6. Mudn xic dinh thei gian cua mot bién c6,
ching ta phai xac dinh rg rang h¢ thong trong dé bidn ¢d xdy
F4 va cdc tiéu chuan thoi gian twong tng voi hé thong doy.

Thi du mot ngudi & Saigon néj chuyén biing dién thoai
Voi mol ngudi khic dang & tai Niru-Ude, Hoa-Ky, Ngurdi ta
¢o the bio riing li€ng noi clia hai ngwdi diroc nghe cing mot
lie, nhung khi do & Saigon dong ho chi 8 giv sang ma & Niu-

Betelgeuse . Aldébaran *

3 o # a
CHOM SA0 -
- ORION

" b g
By

Mol vu nd trong ¢hdm Orion chirng 3 rang thid gian khie

nhau @81 véi cie quan sit vien nim trén che hé thing
khac nhau.



Uée di 8 gior 18ir6l. Chiing ta bay trdng twong xa hon bing
cach cho ngoi sao sang chéi Beltelgeuse trong chom soa Hiép
si Orion. bi nd tung. 300 nim sau, ching ta trén Trdi dit moi
thily v nd vi anh sang phat ra boi vu nd phdi dé 300 nim
méi truyén toi trai dat.

Ngoai ra mot nguwoi ndo dé trén ngoi sao Aldébaran sé
thily vo nd san 250 niim vi khodng cach tir sao Betelgeuse den
Aldébaran la 250 quang nién. Cung mot hién tuwong no ma
chiing ta ¢6 cac thoi gian xic dinh khac nhau fuy theo quan
sat vién ndm trong hé thdng thién thé nao.

Einstein phat biéu thém ring mot khoa hoe gia mudn cho
cac dinh lugt vat 1y cta minh van gitt nguyén gia tri trong
tit ca hé thong tiéu chudin trong vii tru, nguol do phai coi cac
dai lirong do khong gian va thoi gian la nhirng luwong thay doi.

Cac phép tinh vé sy bién d6i théri gian va khodng cach tu
mot hé lhﬁﬁg niy sang mot he thong khie dwoc cho béi eac
phirong. trinh ciia Lorentz ma thién ha goi la phép bién doi
Lorenlz. Phép bién ddi Lorentz dién td sy twong quan gitra
quang cach va thoi gian quan sat dwoe trong mot hé thdng
dang chuyén dong doi voi cic quang cach va thoi gian do duoc
trén mot hé thong dung yén. Nho suy dién ti cac phuong
trinh bifn ddi ciia Lorentz ma Einstein kbam pha duoc mot
s 1o s kién méi la va phi-thudng ctia thién nhién huyén bi,

THOT GIAN TUONG DOI

Duwa vao y niém {héri gian thay doi tiy theo hé thong tiéw
chufin. Einstein bac bo ludn khai niem thoi gian tuyét ddi ena
Newlon, Trong quy&n Principia Mathematica (Cac nguyén ly
toan hoe), Newlon phat bifu ring thoi gia roi qua déun din,
khong thay d8i tir thoi di viing xa xwa cho dén twong lai vO
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t4n va khong toy thuge vio mot s kién ndo c¢i. Nhung cée
viee khdm phi chia Einstein lam cho oOng tin riing thoi gian
phu thude vao mot cii gi do, no Indn ludn twrong ddi véi
ngwoi quan sat,

Trong doi sdng hiing ngay, tiy theo cée bién ¢d xidy dén
ma ching la thily thdi gian dai didng ding hay qua mau nhu
bong ciu qua ctra s6. MOt chang thanh nién ngdi chuyén tro
voi mot thitu nir dep trong mol gior thi mot gir ndly ddi voi
anh ta nhw chi 1a mot phit, Nhung néu anh ta ngti trong 10
ltra ¢hi mot phut thoi, anh ta s& cdm thiy nhw trdi qua ed
gitr. M6i ca nhin déu ¢6 mét thoi gian chii quan riéng va nguo
ta khong theé do dwoe thiri gian chi quan niy.

bPeé xde dinh cic bifn ¢6 mot cach khieh (quan, ngudi la
nlitr dén dong hé (hay quyén lich), Tuy nhién edc khodng thoi
gian ngdn d8u diin clamdi gidy ma ching la taorra cho dbng
hd khong phai 1&- mdt tuong tuyét ddi cta v tru. THL cd cac
dong ho cua chung ta déu tinh theo sy chuvén van cia Thai-
deong h¢. Khodng thoi gian 1 gidr that ra 1a khodng do mot
cung 152 ma trdi dat ty quay quanh truc. Thiri gian 1 nim chi
la khoang do sy chuyén dong cla trai ddl quay mot vong
quanh mit tréi, Gia st trén Thity tinh c6 thd dan sinh sOng
thi khai niém thoi gian ctia ho hodn toan kbhac hin ching ta vi
Thuy tinh quay quanh mit trdi trong 88 ngay va ciing trong théri
gian d6 né chi tir quay guanh truc ¢6 mot vong ; nhur thé trén
Thuy tiah théi gian etia mOt ndim vi clia mot ngdy biing nbau,

Tir cic nhan xét ve thii gian thay dbi khi chiing ta & trong
cic hé théng chuyén dong khic nhau, Einstein nghi rang thoi
gian thy thudc vao chuyen dong. Mot ddng hd chuyén dong
cang nhanh thi n6é chay cang chdm nghia 13 théi gian duoc
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Pang hd nguyén tir eta gifo sw Harold Lyons

kéo dai ra. Néu dBng hd chuyén dong nbanh bing vin toc
anh sang thi n6 s& dirng yén,

Cée nha vat 1y thue hign dwoe trong cée may gia toc cée
thi nghiém ki€m ~hing thoi gian thay d&i theo chuyén dong
nhir sau:

Ching la bi€t ring lrong nhan nguyén 1, ngodl cac
hat prolon, neutron ¢on ¢6 nhirng hat méson, Cac vi Lo méson
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ndy bioh thudng chi séng duwoe 3 phin
¢ho edc vi tr méson niy chuyé
trén mét qui dao tron va §
ching kéo dai d&n 100

tri¢u gidy. Ho lam
D dong v&i vin (8¢ vt lom

uan sat thdy doi sdng cla
philn tri¢u giay,

Hinh Haro:d Lyons
voi dong hé nguyén ti

47

LY




Gin ddy titn s Harold Lyons dd nghi ra mot ddng ho
nguyén L O (he kiém chimg truc titp thol gian twong doi
cua Einstein

Nguyén tic ding L5 nguyén t cén ¢l viO SU rung dong
déu din cua cac phiin (& ammoniac vl thn s6 24 {1 moi
gifty, DoOng ho ning 13kg vi chay sai khong ddy 1 giay trong
khodng thod gian 1000 pim. Ngwdi ta dat dong hé trong mot
vé¢ tinh nhin tao quay quanh trai dat voi van tde rit lon,
«Gitr khiier cha no sé duoge truyén vé trai QAL bing song
dién tir va duoc sO snh viri mot dong hi khac gidng hét nbu
thé, Thi nghiém cho thify voi van tée 30.000 km mdi gicr, cac
dong ho di chay sai nhau 15 ret

Nam 1936, Herbert lIves d nghi ra mot thi nghiem riit
Iy thi d& kicm chung nhw san

Ching fa d& Bigl chc uguyen tir Khi dwoc kich thichy s8
phat ra mot phic xa mA in 86 vi do dai song to the do
mot cach rit chinh xic nho vao quang phd. Céc nha khoa
hoc coi sy phat xd niy clia che nguyen tir nhr la mot
loai dbng ho, lves sO sanh 4nh sing phat ra héi cle nguyen
t&r Hidrogen dang chuyén dong riit nhanh voi anh sing phat
ca hoi cac nguyén tir Hidrogen dirng yén. Ong lim thily tfin s0
dao dong clia céc nguyen it dang di dong dwoc giam theo
ding ti J¢ mé cdc phuwong trinh Einstein cho bi€t trudc.

Tir ddy, nguoi ta 1y Juan ti€p nhw sau :

Vi mot chiin dong ulin hoan co the dung dé do thoi gian
sén ta coi lvai tim con ngudi sl 1a mot loai dong ho. Khi
mot ngudi chuyén dong véi vau {ge¢ gin bing van t6c anh
shng, tim sé dap cham hon, ho hiip va co quall sinh 1y khae
cing ti¥n hanh chiam chap. Anh ndy khong phén thirc duoe sy
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chim chap trén vi d6ng h® cha anh 1a cling chay chim lai,
Nhung doi voi mot quan sat vién ¢ dinh, anh ta «lau gidyn hon.

LY ludn ndy dua ching ta dén mét cay chuyén di thudng

sat ma ngwdi Phap goi 1a s nghich 1y efia Langevin (Paradoxe
de Langevin),

Sy nghich-ly cta Langevin

Twdng twgng riing vao mot thoi gian nao 4o, con nguoi ché
tao duge nhirng hoa lién manh géip ngan lin bay gitr va chuyén
du hanh gitra cac hanh tinh hay ngoi sao 1a mot chuyén thong
thwong nhw ching ta du hanh sang eic nwée khic vay. Nhén
vat chinh cua ching ta 13 hai dira bé trai sinly dé6i. Ta ddl tén
cho chiing 1& Viét va Nam cho dé nhé. Niam 12 tuoi, Viét theo
mot phii dean khoa hoe du hanh dén mot ngoi sao xa x6i vai
van (e gin biing van (éc 4nh sang, trong khi Nam & lai Trai dit.

- Thoi gian liing 1€ gua siau, Nam 160 1én, theo hoe Tring
hoe r6i Pai hoe. Thinh thodng Nam cing nghi dén ngudi anh
song sinh ciia minh khong bigt dang chu du noi nao trong vii
tru, Thiim thoat 20 ndm troi qua, Nam bay gitr dd ¢ vor con
ditm d&. Mot tin vui dem d8a cho Nam 14 Viet sip tro vé 1oi
Trai dit, Ngay phi thuyén dap xudng, Nam déin vo va edc con ra
dén anh minh, Cira phi thuyén mé ra va Viéet xufit hién & nguring
cira. Nam ngd nging nhin nguoi anh song sinh ctia minh hily
gitr van con 1a mot dira bé 12 tudi trong khi minh da 32 tudi ri.

Chuyén gi di xdy ra trong chuy€n du hanh ciia Viet vay ?
Vigt tra 1oi riing no chi di co 4 tigng d6ng hé ma thoi, ciy
kim dai chi phit cia chiée ddng ho n6 deo méoi quay dwrge 4
vong. Sau khi phi thuyén cit canh, no #n diém tam va ehi mai
ditng ¢6 mot budi com (ruwa ma thoi,

Cau chuyén twdng twong ndy cé vé titu Jam that nhirng

49






khong phai 12 vo ciin cir. N6 s€ xiy ra nEu ching ta ¢6 nhirng
phi thuyén bay véi van tdc gin biéing van 18e 4nh sang,

Cic nha thong lhfu tinh réing: mot phi thuyén khong gian
bay v@i vin t6¢ énh sing dén thién ha Androméde cich trai
dit ching ta 2 triéu nim &nh sing, chi mit mot thivi gian 1a
28 néim d6i voi cac phi hanh gia nghta 14 ho dén thién ha An-
dromede roi vé toi trai dét chi gia thém 56 nlim trong khi ddi
voi nguwdi & lai trén trai dit. thei gian cac phi hanh gia di roi
vé 1ol noi dd trdi qua bén tridu ndm roi.

Sw kién trén khign ching ta lién tudng dén chuyén ching
Tir Thie lac 181 thién thai trong thin thoai Viét-nam. Suu i
ndm hwong lra voi ngudd dep Gidng Tién, T Thite ted: v
trin tuc d¢ dau don nhan thily réing ¢oi hng triin di tredi qua
mdy trim ndm réi, biét bao cuge thay ddi bé dau lim ngudi
tro vé phai ngdn-ngo bing-hoang. Nhin theo con mét khoa hoc
cua Einstein, ching ta ¢4 thé noi ritng nguoi dep Gidng Tién
thuge vé mot thé gigi khac trong vil try, di bt cée anh chang
Tir Thire dem 1én mot phi thuyén bay di voi vin tée gan biing
van toc anh sing, Sau vai niim du hi trong khong gian, nguréi
dep mang anh ching t8t phwée tré lai ¢d hwong, r6i ra di bo lai
chang thi sT ¢6 don dirng nge ngac trong dam con chfu xa la,

KHOI-LUONG TUONG-DOI

Khéi-lwgng va trong-lwrgng.

Phin dong chiing ta thueong 1in 16n khdi lrgmg véi trong
lrong, nhirng d6i voi che nha vat ly hai danh tir ndy ¢6 nghia
hoan toan khéc nhau :

Khoi lrgng dién 14 s§ leong vat chit chitra trong vit lrong
khi trong lwong la strc hut etia trai dit vao vit ndy. Thi du
anh X niing 60 ki, co nghia 1a trai ddt da hat anh voi mol lue
1& 60 kilogram sire va than thd anh chira mol sé lwong vat
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chiit 1a 60 kilogram. Gid sir anh X dugc phong 1én Cung trang
Khi bay trong khong gian bén ngoai stre hut trai dét, tran
lwong cia anh biing O trong khi anh vAn con thé xac nhu cu
hay khoi lwong vin 60 kg, T6i mit tring, khdi lwong vin
khong ddi nhung stre niing cua anh chi con 10 kilogram-sirc vi
site hiit chia mit tréing yéu hon trai dat 6 lin.,

Ngoai ra, khoi lrgng con bitu dién mot tinh chit dic bigt
ctia vat thé va c6 dnh hwdng rdt nhidu trong doi song : dob

trgmg-Ivdng 10 kgsue
khal-lddng 160 kg

trong-ludng: O
khol-ludng :60kg

trong-ludng : 60 kgssic |
Kihal-ldgng (60 kg

A

S khie biét gita trgng luong va khdi legng
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4 tinh chéng lai s thay db7 chuyén déng, hay néi theo ngén

- gl khoa hoe, d6 1a quén tinh cfia vit,

Mudn day mot chiSc xe hoi, ta phii ciin mét sire c8 ging
nhieu hon 14 khi diy mot chic xe tré em. S& di chite xe hoi
khé chuyén dong hon la nhe khéi lrgng elia n6 lon hon, nén
no chdng lai s thay ddi trang thai nhidu hon. N6i khic di,
xe hoi ¢6 quén tinh to hon quan tinh ciia chiéc xe tré em.

Liye sinh ra b&i khdi - lwong d8 chdng lai sw thay dbi
chuyén dong goi la hre quan-tinh, Ta dang ngdi thinh thoi
trécn mol xe do chay bon bon frén xa 10, Bong xe thing gip
dé tranh mot ngudi qua 'dl;-n’.“rng- vo y Lr, than minh ta bi
ddy toi treoe dit doi, thisu digu bé milt n€u khong kip chéng
d%. Chinh luc quén tinh di choi x%u la @6, Khi xe thiing lai,
nghia 1i xe thay d8i trang thai chuyén dong bt thin, Iuec quan
tinh mudn gitr ta theo ftrang thai cii 1a dang chuyén déng
déu déu nén €6 ging kéo ta chéng lai vide thay dbi do. Ciing
chinh Iwe quin tinh kéo t;hﬂng ta’ nghiéng ra phia ngoai khi
xe qua mot khie quanh. Trong trirrng hop niy luc quan linh

* €O tén tue 1a luc ly tdm.

Sy trong-déi clia khéi-hrgng.

Nén Vit 1y ed dién sang lap boi Newton cho riing khdi-
lrgng cia mot vat 1a mot tinh chdt ¢3 dinh, khong thay ddi.
Theo do, du cho diing vén hay chay 100 km/gi¢ hoije bay troag
khong gian v&i van tde 100.000 km/gidy thi khéi lwong cfia
anh X trén vin la 60kg, vAn khong thay ddi.

Ngwoe lai, Einstein cho rfing khdi-lrgmg ctia mot val thay
d6i va téng theo van téc. Chung ta khong kham pha dwoe sw
kién ndy Ia vi ching ta khéng c6 mot dung cy nio kha di
tinh vi d€ do lwéng sy thay ddi qua nhd bé cla khdi lwong
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tfong cae thi nghiém ma con ngudi thuwe hien dwge. Vi vol
vin t6c ma ching {a dat duoc van con qua nho nén su gia
ting khoi lugng ciing qua bé khong nhan thiy dwge. Su ting
thém khoi luong chi ro rét khi vat chuyen dong viri vin toc
lon gin bing van (3¢ 4nh sang. Theo Finstein néu goi :

m, 1a khoi lwong ctin val khi dirng yéo

s la van toc anh sang, o = 300.000km/giay = 3.108 m/s
(hi kh&i lrong m coa vat khi chuyen dong voi van 10e v la:

= v SR
v
e
| Mot ehiée phi o phan luc bay c&i van tée 3 Mach (glp 3

lin van L6c am thanh, vao khoang 3 (00 km/giv) thi theo cong
ti}t&-e ‘trén, khoi lwong cha phl co s& gia ting vao kbhoang
| 1/600.000 co nghia 13 nfu phi co ndng 3 t%n thi phi co chi
| nang thém o gram.

“Trong chc may gia t6¢ biy gior nhur cyclotron, synchroton,
cic vi tir bé ta, proton dwroe béin di voi van tgc gdn béng van
t6c anh sang, khoi lwong cua chiing ting thém rdt nhién va
khi linh toan ta khong 13 pao bd qua su gia ting ndy. Chiing
ta hiiy quan sit mol vi & proton trong 1 may gia tdc. Theo
vat ly ¢d dién, mot lwc khong doi tac dung vho vi tir niy s8
lao ra mot gia t5c khong A3i va van tdc chia nd cang liic cang
phanh, Nhung disn niy chi dung khi & vin téc yéu. Bén
khodng 260.000 km/s ciing la lwe tac dung do nhung khoi
lwong did téng lén giip doi va gia téc A3 giam xudng ; d€o
190.000km s khdi lwong 1a0g gip tur. Cang giin vin (8¢ dnh sing,
{a chng cdn phai co moOt lire tht to moi lam ting dwoc gia tde
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cua hat proton dé, khdi lwgng cing ting, cho dén khi Ion vo
tan lic vin (8¢ clia n6 biing van tdc anh sang, Digu ndy khong
the c6 dwoe. Do do Einstein k&t luan rdng . Vin t8ec anh
sang la mot vén tdc gidi han cho moi vat thé nghia 14 khong
c6 mot ¢d the vat chit nao dat dwoc van téc anh sing ca.

SU TUONG DUONG GIUA VAT CHAT
VA NANG LUQNG

Chiing ta s& t héi nhér ddu ma khéi lwgng clia vat gia ting
trong khi chuyén dong. Cau trd 1o ctia Einstein nhir mot tiéng
sét lam cdec nha béc hoe khae ngin ngo. Ong cho ring mot vat
cing chuyen dong nhanh, dong niing cung cfp cho né cang lén
va chinh dong niing cung cflp thém cho vat da tich ty duoi dang
khoi lirong. Noi tém lai niing lrong 1A khéi Iwong va khi khéi
lwong phan tan s€ cho tré lai ning luong,

Chiing ta hay twdng twong dén niém xic cdm to 16n i
gioi khoa-hoc khi Einstein duwa ra mot phwong trinh don giin
nhrng riit quan trong sau

E=m ¢
E Ia nfing luwong chia dung trong vat chat,
m la khdi-lwong cha vat chit
| 'c 14 van tde anh sdng, ¢ = 3.108 n/s

Theo phuong trinh trén, néu ta bign ddi hoan toan 1 gram
than ra ning luong thi s3 uing lrgng niy tlrnrﬁg duong voi 25
trigu kilowatt-gier nghia la di cung ciip dién ning cho mo! quin
20,000 dan xai tha ctra trong 'mot ndm, hay sd ning luong do
¢6 thé dun so6i 270 trieu 1it nwée. Nen nhé ntu ta 46t 1gram
than thi nbiét lwrong phat ra vira di laim &m mot ly nwoe,
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Nhiét lwong sinh ra do sw dot chi 1a ket qui ciia mot phén
ing hoéa hoe thong thuong, Néu dem cin s8 tro con lai va khi
bay ra, ta thiy khoi lrong ctia vit chft vin bfing Tgram.

Phirong trinh E=mec? gidi thich dwoc tai sao mat trol va
ecic ngdi sao co thé fiép tuc chay, phat ra anh sang va nhiét
trong mily ti niim, vi n€a theo phwong thirc dot chay thong
thirong thi mdt treri da ch@t lanh tir bao gio roi. No giai thich
cac chit phong xa nhw radiom, uradium lam céach nao co the
bin ra chc vi-tie voi van tde kinh khing trong hang {ri¢u nam.

Triroe Einstein, ¢de nha thong théi dién ta vii trg nhr mot
moi tredng chiva bai y&u 18 khac bi¢t nhau, do 1a vit chat’va
ndng lwong, Vit chiit thi co the s& mo, ngtri thily dwoe va
hidu didn béi khoi lwong ; trong kbi nidng lweng thi linh hoat,
v hinh va khéng khéi lwgng, Nhung Einstein chirng minh
rhing khai lirgng va ndng lwong twong duong nhau, nghia la
khi lweng cbi la ning lweng c6 dong lai va ndng lrong 14 vat
chifit phén tan ra. Sw khidc bigt giira ching chi do bai trang
thai tam thei ma thoi,

Vit chiit va niing lwong co thé bi€n ddi 18n nhau, Néa
vt chit khong c6 khdi lwong va truyén di voi van téc anh
sang thi ta goi no 1a phuc xa (hay bire xa). Ngwoc lai khi
niing lirong lanh lai, bt dgng va néu ta do dwoc khoi lrong
clia no thi ta goi no la val chat,

Nh& vao nguyén ly twong duong ndy, nguoi ta s€ khong
thily nghich thueng khi néi dén vai tro cua dién tr vira la
mot don vi vat chit, vira 1& mét Jdn song. Cac nha bac hoc
di thwe hién dwoe sw bién ddi lan nhau gita vat chit va
ning lwgng trong cae may gia toc (xem thi nghiem trang bén).

Ngay nay, con ngwoi di biét tng dung sw bi€n doi vit
chilt ra ning lwong lrong viée ché tao ¢ic bom nguyén tir,
trong cie tau lin, thwong thuyén nguyén tir...
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THINGHIEM VE SU' BIEN.DOI HO-TUONG GIifa
VAT-CHAT VA NANG-LUQO'NG.

Bién-déi vat-chat ra nang-lugag.

Hign tweong niy chi Xdy ra giira hai vi % enghich.ddiy nhau,

Mot vai nhin nguoyén hir phéng xa chira qud nhidy proton, thuimg
ban ra ede hal dwong dién tir (positon ¢). Cde posilon nay eh? song
dwoe dg mol phiin U gidy, vi khi sinh ra chiing g bi hil bai edc Hal dm
dién lir e (négalon) pa o4 hai dén bien mat. ¢4
khi géiip nhau thi bign thanh 2 phic q gamma,
agupe chién nhau

¢ posilon va negaton niy
khéng khi-rgng va &i

Bién-déi nang-lugng ra vat-chit.

Chit  déng.vi phing¥a
Thallinm 908 ks phdn . héa
lhérng phdt ra cge tia gamnia
ctee manh. Nén ede tia ndy ﬁ}’s’p
mat diem fira, thi du nhip ﬂf&f
ly-ti¥ ndo de, chitng sé tir bign
thanh ra vt chit bing edoh
tae ra mél positon pa mot
négaton,
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CHUONG 1V

THUYET TP O'NG-POI TONG QUAT (1916)

NGUYEN LY TUONG-DUONG GITA LUC HAP- mm VA
QUAN-TINH

#* Ludt van-vat hap dan cia Newtun! 2
# Céc thi nghiém vé phong thang mév clia Emstem e
TRUO'NG HAP-DAN CUA EINSTEIN |

* Khéng gian bén chigu o
¥ Phuong sach xac dinh khéng gian cong bén cﬁiﬁu ' fk‘
* Sy x& djch clia qui dgo Thay tinh a
* f\nh.htr&ng clia tredng hép-dﬁﬁ trén anh sdng

* Higu {rng Einstein trong Thien—uﬁn hoc
sémc. HAP-DAN
* «Anten» ciia Gido-sr Weber



NGUYEN-LY TIPFONG-DPUONG GIUPA
LIFC HAP-DAN VA QUAN -TINH

LUAT VAN-VAT HAP-DAN CUA NEWTON

Trong theri gian 10 niim sau khi cong bo T huyéi Tueong-
B&i Thu hep, Einstein diit hét tim trf vao viée nghitn ciru cc
lwe bi mét chi phdi chuyén ddng cha chc ngoi sao va thién
thé. Newton goi cac lye niy 1a lyc hip dan.

Truée d6 gin 300 niim, Newton khim pbéa ra dinh ludt
van vAt hp ddn vdo mot sing mia thu dep trod. Ehi d6 Ong
dang niim doc sach dwéi mot gbe cly bom (tho) thi modt trii
bém chin rét xudng ngay minh ong, Mot tia chop ky di¢u loé
sing qua tri 6c cua Newton, cho rfing trai bom roi xudng la
do trai a3t Wit vA tir 46 suy réng ra trii dit c6 mot sire hut
tic dung vAo mei vat. Sau gin 10 niim mi¢l mai nghién ciru,
Newton chirng minh dwoce su hién hiru ctia lwe hip dén va c6
thé 4p dung nod cho cd cac bhanh tinh khic.

Dinh luat van vt hifp din ciia Newton phat bidu rdng



hre hilp déan gifta hai khai vat chiit trong khong gian ting theo
khéi Irong cha vat va gidm nhanh theo khodng cach :

Néu F 12 Ire hiip din gitta hai kh&i vat chdt cach nhau
mot khoang 1a d, m va m* 13 khdi lwong etia hai khoi thi Jwre
biip din cho bdi cong
thire : 3
khoi-lugng
e m”
Fi=G g =

G goi 14 hings6 hiip
dan vii tru

G = 6,673,101 Nmkg®

Vat cang lén sire hit
cang manh do dé vat
chuyén dong cdng nhanbh,
Tuy nhién, nguoi ta gap
moL trudng hop die biét,
cho thily duéng nhw
khong co mot sv lien he
nao gitra khoi lwong va
gia téc chuy@n dong cia
mot vat, Tha roi mot vien
dan siit va mot vién phin,

ogudi ta nhan thdy ching roi nhanh nhir nhau nghia 14 chiing cé
- cing mOt do ting van téc. Theo dinh Iudt hiip din cia Newton

thi Ie hit efia trai qit (Irong lwe) the dung vao vién dan st
s€ 1on hon lye tic dung vao vien philn vi khai lugng ciia sit
Ion hon phin. Nhwng tai sao hai vien niy vin roi xuéng cling
mot vin tdc ? Hién lwong roi tw do trén duoe Galilée kham
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phi diu tién va ching minh rfing moi vat déu roi nhanh phtr
nhau va khong thy thude vao khoi luong vat,

Newton gidi thich riing vt cang nding, sire hut clia trai ddt
ciing 16n nhung lic d6 quén tinh cia vdl ciing cang (o 1én
nghia 14 sirc chdng lai su chuyén dong cang manh. Khi vat
nho,~trong lwong ctia nod nhé vi quan linh cling nbo theo.
Dugng mhu trong lue tac dung vio vat luon Judn vira du dé
kmr mil quan tinh cta vat, vi thé mol vat roi ciing van 1dc
nhw nhau méd khéng chin anh huwdng cha khdi lwgng cha
ching. Thi do vlén dan sit ning gip mudi lin vién phin, N6
bi hiit manh xudng dit biing mol lye lon giip wuwoi kin lue
hit vio vien phin, nhung vi quin tinh cia no6 cing lon gap
mudyi nén sire chitng lai chuyén ddng cua vién sitt cling to gip
mudi suc chong lai chuyén ddng cua vién phéin, do d6 hai vien
f{ﬁt w/ ]_;ﬂlﬁl_i- §6 roi song song nhau, '

Su trong dwong ky la giiva trong lye va quan tinh ma
Hewmn di néu ra duge cac nha kboa hoc chiip nhan nhu mot
tin didu ma khong tim hiéu cfing khong tim cich giai thich.

Nhwng ddi voi Einslein, ¥ ki¢n cho riing s lwong dwong
gitta trong lue va quan linh chi 1a mot ngfiu nhién ctia trod dat,
la mot y kign kho chiip nbdn, cling nhw ¥ ki€n noi riang lue
hifp ‘din sinh ra boi cic khoi val chiit tAc dung voi nhau lire
(idi dit cho eliing c6 cach xa nhau bao nhiéu di nfa. Khoi tir
chc ¥ ni¢m riéng biét cia minh vé luc hip din, Einstein di dat
ﬂﬁqi: mot édi nhiin tSnk quat va chinh xéic hou v& co cdu kién
If-ruc clia vii tru huyén iR |

Hr ok
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'CAC THI NGHIEM VE PHONG THANG MAY CUA EINSTEIN

Biing phuwong phép Iy ludn quen thude, Einstein nghi ra
cde thi nghi¢m néi ti€ng sau d& 18i dus dén mot k&t ludn cho
hién twong hiip dén.

Thi nghiém I : Phong thang méy roi ty-do

Chiing ta hdy twéng twong moét nhém khoa hoe gla dang &
irong mol phong thang may réng lén, kin mit khong ctra 0,
khong cira cai va khong bidt gi ve tinh trang cia ho,

Thhng bi stit diy va roj xudbng tir do. Cae khoa hoe gia
déu cim thily minh khong trong feong vi than (hé Tig khong
con deé lén trén san phong nita. Mot nguoi ldy trong thi ra mot
ciy viet, mot dong tien va maot chite khiin tay, Khi bubng ra,
cac viat do déu dirng yén, lo Itng trrde miit ho. Digu ndy dé
hi¢u-vi theo luat hilp din elia Newton, moi vai ddu roi nhanh
nhu nhau, do dé6 cae khoa hoe gia, r:ﬁ}' viet, dbng tién, khin
lay va cal phong déu ¢6 eing mol vin (d¢ nén ho tuwdng minh
dang lo Il"rng_. {!ﬁ'r;g yén mal chd. Mot f;-[.rgﬂl.;hﬁlhﬁ._i:ﬂrﬁhlrt';:{bfiﬁn theo
mot phirong vd nhin thiy d?f?;ng tién ludn lidn chuyén 'dt}ng
theo phwong do6 cho dén khi dung vich phong va c6 mot
chuycn dong thing déu, | _ ‘

Dé gidi thich tinh trang cua ho, cie khoa hoe gia & (rong
thang may dua ra haj gia thuydt

— thir nhirt thang may dang roi lr do duéi tic dung ciia
stre hat trai dat (ding véi linh trang ctia ho)

— thir hai ho d& dwoe dem ra khdi viing hiip ddn cla lrai
dit nhér vio mol phép la ndv do va dang ding thinh thoi lar
mot chd trong khong gian, '
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Cae khoa hoc gia d& coi phong thang miy nhir B mot he |
thong tiéu chufin v ho khong ¢6 cich nao céd thé chirng minh
riing ho dang roi trong mot tredrng hiip din hay dang lo ling
trong khong gian tréng rbng,

Tyt
QUAN TINH

¥ - .J,'I- &
Phang thang may rai tu do Thang chuyén déng nhanh dan deu

Thi nghiém II: Phong thang mdy c0 chuyén déna nhanh
dan déu.

Lin niiy phong thang may va nhom khoa hoc gia cla
chiing ta thit sy & trong khong gian trong rong, khong chiu
inh hwdng boi bt cir lwe hilp din cia thién thé¢ ndo. Mot
d@y cap duwge gin vao noc phong va droe kéo lén bing mot
hre siéu pham. Phong thang mdy di 1o véi mot gia tée khong
d8i, ¢o nghia la di lén deu din mdi lie mdi nhanh. Cling
nhir thi nghiém truwée, cac khoa hoe gia khéng bi€t dwoc tinh
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trang that su ciia ho v ding cac thi nghiém d& xée dinh tink
trang ndy.

Bay gio ho nhin thiy chin ho dinh sat vio san phong
nghia 14 ho c¢6 trong lwong tré lai. Khi thd roi cae 46 vat,
ho thily ching rét xudng san, N€u ném dbng tin theo phuong
nim ngang, d6ng tién khong con chuyén dong thing déu nita
mé no6 vé mot dudng cong parabol. Lire kéo cac 46 vt xulng
sin chinh 1a lyc quén tinh sinh ra béi sy chuyén dong. Che
khoa hoc gia két ludn ring ho dang & tinh frang binh thuwdng,
trong mét phong trén mit dit va chiu tac dung cilia trong lre.
Ho khong thé chirng minh dwoc ho dang ding yén trong
trirong hilp dan cha trai A4t hay dang di lén véi mot gia téc
khong doi trong khéng gian.

Thi nghiém Il : Phéng thang méy quay.

Ching ta giip mdt trewong hep twong i nhy trén néu thay
vi thang may chuyén dong thiing, ta cho né chuyén dong tron
déu trong mot noi khong c¢6 lwe hiip din nio ci.

Géin phong thang may trén mot cinh tay sit khdng 15 va
cho canh tay quay quanh mot true véi van tde khong dbi.
Trong phong vin ¢6 nhom khoa hoe gia dang khio ctru che
hi¢n twong va vin khong bidt tinh trang hién tai cia ho. Ho
cim thily ¢6 mot lwe kéo ho ra phia ngoai v theo ly ludn ho
cho réng d6 14 lue hdp din. Gia sir trong phong khong cé s
khae biét ndo giita cac vach va san, cac khoa hoc gia sé goi bire
twong ma ho dirng trén d6 1a san phong.

Mot quan sit vién dirng bén ngoai thily ngay ring le hip
ddn clia cic khoa hoe gia chinh 1a lwe quan tinh sinh ra bdi
chuyén dong, & diy no cb tén la lue Iy thm va cac khoa hoc
gia dang dirng trén mot vach twdng cha phong thang may,
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Sie kién (rén chirng to ring trong khong gian, nguoi ta
khong co dan 1a phia trén, ddu la phia dwéi. Trén mit dat,
phiin ma chung ta goi la phia dwéi that ra 14 phén chi hwdng
etia trong lue. Voi cde ngudi & Biic bén ciu thi cic ddn & Nam
bian cfiu dudng nhu bi treo gio, chbng diu xudng duéi va cée
din Nam ban ciu thi nghY ngwoc lai. Trong khi d6, cac khoa
hoe gia trong phong thily ring cic thi nghiém van gidng hét
nhir thi nghiém II nghia 14 chin ho vin dinh chit vao sén, céic
d6 vat cling roi xudng. Mot lin ntta ho k€t luan ring ho dang
& trong mot phong niim (rong mot truéng hiip dén,

¥

Phong thang may quay tron déu

Tir cde thi nghiém luong twong trén, Einstein phét biéa
moOt nguyén 1y cdn ban cho Thuy&t Twong Bdi Téng Quat.

D6 la nguyén ly twong dwong gitra lue hilp din va luc
quan tinh :

Lyc hdp ddn va lyc quén tinh déu c6 cing tac dyng nhu nhau
va khang c6 phwong cach nao kha di phan biét duge ching.
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Nguyen 1y twong duong ndy dwoe cac phi cong phin lue
coi nhu hi¢n nhién, Khi phi co bay chii xudng thit nhanh hay
kbi quanh mot vong that géip trén trdi, phi cong ciing chin mot
cam gide giong hét nhau: lic d6 man rit mach trong diu vé
than thé bi nén sat vao gh#, Phi eong khong thé phéan biét
dwoe daun 14 tic dung cia lwe hip din, daun 1a tic dung clia
quin tinh.

Mon Co hoe Vat Iy etia Newton chiip nhdn nguyén 1y trong
duong trén ma khong ciin doi hoi chitng minb, nhung d&i voi
quan niém twong ddi ctia Einstein n6 1a mot nguyén 1y rit
quan trong, nhé do chiing ta nhin va giai thich cée hién twrong
khdc han di, vi thé né phéi ciin ¢6 cae thi nghiém chitng minh
chic chiin.

Nhé thong thai Hung gia loi Eotvso d& thue hién mot thi
nghiém dua frén nguyén tic don gidn sau. dng diing mot cin
xoin va dit lén con lie eiia ¢an nhitng khoi lrong khée nhan,
Con lde vira bi hat béi lwe hdip din cta trai ddt va vira bi
l¢ch khoi dudrng thing diéng béi luc ly tAm sinh ra do trai
dit quay, Néu luc hdp didn va luc quén tinh cha vat khoéng
twong dirong nhau, két qua s€ khac di tiy theo khdi lwong
dit thém vao, Eotvos thify ring cic k&t qua déu gitng nhau
voi dg chinh xic 14 mot phiin tricu, Moi day, nha bac hoc MY
Dicke lam lai thi nghiém véi ky thuat do ludng (8i tan hon,
ong diroe mot k€t qua chinh xéc hon 100 lin, nghia 12 nguyén
ly twong dwong dwgc chirng nghiém véi do chinh xéc 1 phiin
100 triéu,
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TRIPFONG HAP-DAN CUA EINSTEIN

Theo Einstein, lwre quan tinh v4 lie hiip din chi 14 mot
vi ¢d hai cliing biéu dién dic tinh ctia mot hién twong duy nhit,
do la hién twrong khong giaﬁ cong lai béi quéan tinh cta vit:
Tédc dyng hiip din moi vat déu gidng nhau vi tic dung niy
sinh ra boi tinh ehit cong cia khong gian chit khong tii?:'-.t'lm”t_?m
vio val chiit. «Lwc hifp diny chia Einstein khong phai 1a ey
nhiw quan niém cliia Newton, ndé bidu dién trang thai chuyen
dong cha mot vit trong mot ving khong gian cong.

Cac khdi vat chiit trong vi tru lam cho khong gian quanh
chiing cong lai va cic ngdi sao, hanh tinh chi chuyén dong theo
con dwdérng 4 vach sin b&i phdn khong gian cong niy ma
chiing fa goi I trwedng hip dan clia Einstein.

S khéc biét quan diém cta Newton va Einstein vE lure
hifp diin thwong duwoe dién td biing thi du em bé choi banh
trén miit dit khéng biing phing véi chd 16i chd 16m. Mot quan
sat vién dng trén ting liu cao ngd xuéng khong thé phan biét
dwroe chd nao nho lén, chd ndo thip xudng cia mit dit. Anh
ta thiy trii banh dwdng nhw tranh mot vai ché v chay vé
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Sur khidc biét v& quan niém lye hiip ddn clia Newlon va clia Einstein




mo6t phia. Anh k€t ludn ring c6 mot lire nao d6 di hut trai
banh, Nhuwng mot quan st vién thir hai dirng k& bén dira nho,

thily ngay ring con dwdng di chia trai banh duge hudng din
boi s 16i 16m khong déun ctia mit dit. Quan sat vién dirng
trén Hu lwong tring cho Newton trong khi Einstein 14 quan
sat vien dudi dat.

Ching ta s& hidu truong hilp din cong cuia Einstein ro
rang hon khi so sanh no voi tu {reong cia mot nam cham !

Khi noi riing mot nam chim hit mot manh sit biing mot
Jwe F nao do, la ching la d& noi khong dwoce ding lam. Ching
ta bigt riing nam cham tao cho khoing khong gian quanh no
cd mot vai dign kién vat 1y khac hin thong thudng Ngudi ta
goi ving khong gian dic biet quanh nam cham Ia tir traong.

_ Chinh cac s cong cua tir trrdng * niy dd hwong din
minh st di vao mam cham. (MuSn thdy binh dang tifrirong
cfia nmam cham, ta chi cin dit nam cham du6i mot tor giay
va rai mat sit trén do).

Ti-Truong cia mdt nam-cham

* (6 tén la duong swe hay dudng cam Gng.




Truong hip din cha chc thien the cling twong tw, chimg
khong hut céc khdi vat chit biing mgt lwe nio ¢d va che khoi
ndy chi chuyén dong theo cic s& khong gian tao ra bii thién
thé. Truong hélp din niy 1a mot thue the vt Iy giong nhu
dién tir trodng. Néu dién tir trudng duoce xac dinh 5 rét bing
cac phwong trinh clia Maxwell thi truong hilp dan van vat cling
dwge xac dinh béi cac phuwong trinh cna Einslein,

Cac phrong trinh ctia Einstein diroe chia ra 1am hai nhom :

@ Nhom diu dién ta swr twong quan gifta khi lirong cia
vat va co clu kién trite clia viing khong gian quanh vt Nguwdi
ta goi nhom ndy la cac dinh ludt cén tqo.

® Nhom sau phan tich céc dworng chuyén dong cua val
chét trong mot trwomg hilp din. Chiing ¢ tén 1 cic dinh ludl
chuyén déng. ' '

Nhirng phuong trinh néiv cho thily khong gian vii try thay
doi theo thei gian va tiy thude vao khdi hrgng chiva trong do.
Nhur thé Lhong gian ciia Einstein khong phai 1i mot khoug gian
bat di bt dich ela Newton, ma la mot khong gian bdn chidu,
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KHONG GIAN BON CHIEU

Chiing ta c6 thé noi riing khong gian 1a khoang trong bao
koe ching ta va & trong d6 ta ¢ thé ti€n toi hay tre lui, 1én
cao hay xudng thip va qua phai hay sang trai. Ta bao khong
gian niy co ba kich thwée hay ba chiéu, dé la chién ngang,
chiéu doc va chidu czo. Vi tri cia mot vat hay mot ngudi duoge
<ac dinh khi ta biét r6 ba chiéu cua no.

Nhirng khi vat hay ngudi nay chuyén dong lién tuc thi ba
yBu-té trén khong dit A€ chi rd vi tri cia no. Mudn xée dinh
vi tri cha mot phi co dang bay, ngoai kinh d¢, vi do va do cao,
phi cong con phii néi phi co c6 toa dd vao lic miy git, vi
sau moi gidy phi co co mot vi tri khéc di.

Yéu t thoi gian riit quan trong trong cac hign tuong vat-
Iy vi theo Einstein moi vat déu dang chuyén dong qua vi-try
khong-gian, khong c6 luc nao chung fa co hai trang thai giong
nhau ¢a. Anh hudng chia yéu (8 thoi gian con rd rét trong lanh
yire vil tru. Trén bidu troi ta thuong gip cac ngdi sao ¢6 df
sang biing nhau, ta khong thé cho riing ching ¢ bén canh nbau
dirge, vi co thé ngdi sao ndy & cach ta 40 ndm 4nh sing con
ngoi sao kia thi & xa 4.000 nim anh sang. Voi cic thién ha xa
{it mu, anh sang phii dé ca ty ndm moi dén mit ching ta, nu
chiing ta ciin cir vio hinh anh nhan dirge ma Xac diﬁh vi tri
ohia no 1a mot didu vo 1y, c6 thé ching da tan bién trong vi
teu tir 1au 10i, ta chi nhan dwge hinh dnh chia né tir cd ty nim
fruréc ma thol

Khong gian cia Einstein 1a mot khong gian lién tue, khong
gian doan va ludn ludn thay d6i theo thdi gian troi qua. Noi
cich khic, khong gian cta Einstein 14 mt khong gian bon
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chidu voi chiu thir twr Ia chiBu thoi gian, N6 chinh 13 hinh anh
cia khong gian ba chiu dang thay dbi theo thoi gian. Thé
gioi chiing ta sbng la mot khong gian bdn chién; tit e hién
twong xdy ra vira & trong khong gian vira & trong dong thei
gian va khong thé tach riéng hai phiin dé ra duwoe. Néu vi mot
1€ nao do, vii tru tw dung dirng yén lai, thoi gian s¢ khong con
nita va chung ta, trai dat, mit tedi.. cling s€ khong {6n (ai.

Cac phép do khong gian va thoi gian déu tuy thude ln
nhau, Nhitng danh tir giay, phut, gié, ngay, thang, nim déu
la nhirng tri s6 do vi tri ciia trai dit frong khong gian déi voi
mil trél, mil triing va doi véi ¢he ngoi sao,

PHUONG SACH XAC DINH KHONG - GIAN
CONG BON CHIEU.

Théi gian la mot
thue thé vo hinh, doc
lap voi khong gian,
Ching ta khong the vé
lrge dé hay tao mot
kieu miu cho khong
gian 4 chiéu duge,
nhung ta cé thé twong

] . o8 I’& 1 {H:rl-r

ehibs cas ™

treng ra nd nhd vao £ _
Toan hoc, B
ﬂlj.;:..-l
Mot nguoi ding ”"*‘

trong phong dwoe coi Hinh chifu efia mdt vat thé 3 chidu

la m¢t vat thé co ba chiéu, Béng clia anh ta trén twong
li mot hinh dep co6 hai chidu. Ta k& ludn ring hinh
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chigu clia mot vAl the
3 chiu trén mot bé
mit (co 2 chiéu) s€ 1a

mot hinh 2 chiéu.

Nguoi ta suy dién

nhr sau: XKOi LAz pridNG £,

ia 8 4Tnh 12 conh ] \
M mgr /

Hinh chigu trong
khong  gian  thong
thuong cia mot vat
the bon chidu sé 1a mot
hinh khoi (co 3 chiéu),

Thi du chin mQt waivimg
hinh 14p phwong trong
sudt 1én trénm mot mat
phiing, ta dwgc hai hinh'
yuong 16ng vao nhau.
Nhir vay hinh chi€u cha mot «sién khoi lap phuong 4 chigu»
trong khong gian thong thuong s¢ la hai hinh khoi lap
phwong long vao nhau, Hinh sien khoi 4 chiéu chi 14 mot
hinh kh&i thong thuyog hién hitu trong mot thoi gian nao
do, Chiing ta c6 thé tinh dé dang s canh ctia hinh siéu khoi
nily . lic diu n6 c6 12 canh do duge, trong khi cdc dinh di
chuyén theo thoi gian, no tao ra 8 «cauh théri-gian» (8 canh
ndy bidu dién thoi gian chuyén dong cua cac dinh hinh
khi), sau cing ta ¢6 thém 12 canh khac & vi tri moi,
Tom lai ta o c& thiy 32 canb.

Hinh cliféu cia khdi ldp phwong 3 chién

Ly ludn twong tw, ta co thé 8 ging tuong tugng ra mot
¢siéu cin 4 chifuy nhuw sau .
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Chitu mot qui dia
cdu trong sudt trén mot

sty Ko LAP prildHG & Cilin
oh 18 dink 32 sanh, 24 md !

£ |

{ / - o
btre tudng triing, ta dirge / IF -\ A
moOt vong tron ma frén ;w / , \ \
do thye ra méi diém bidu ol /< | \ \

diéen cho hai diém ddi
nhau frén qui dit va ta
¢6 thé phat bidu ring
vong fron frén fwdng 1a
do 2 dia hinh phing chip b

1% o pHifrdun

vac nhau. Suy rdng ra,

hinh chi€u ca mot sién
ciu 4 chidu trong khong
gian c6 thé twdng tuong
nhir 142 qud oAt long chi
trong cai ngoai va nodi voi

e r I‘Ii i . [ - e | " u
nhau doc theo bé miit bén "h chifu cia mgt siéu khsi
' lip phuong 4 chigy

ngoal,

Dung phuwong sach trén, ngudi ta tinh toén va chigu cac
phin ciia khong gian vii tra vao trong mot khong gian thong
theong 3 chién,

Hinh v& don gidn k€ bén cho th&y hinh chigu ciia phin
khong gian quanh miil troi, trong d6 ta ehi ¢6 nhitng tam giac
cong va khéng gian tao quanh né céc s¢ rdnh vé hinh cong veo.
Cae so ranh ndy 16i kéo qua dit vao mit trod. Mudn khoi bi
hut vao, trai didt phdi quay quanh mét troi vei mot vin tée
kha lon (30km/s) de tao ra mot luwe ly tdm chong lai,
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BUL DAY FROND sudr 2 dio tren chang 15 ohey

Trong todn hoe, dé xdc dinh dd cong cia khéng gian 4
chiéu, ngudi ta khong ding mot vector don gian ma ding mot
dai lrong todn hoc phire tap hon goi la tensor, Tensor twong
ty nhiz-mot vector nhung thay doi theo thei gian, Mdi diém

cha khéng gian dewoc xae dinh béi mot tenso, Khi bitt tri'sé
tenso cfia moi diem trong khong gian, ta s& biét dwoc do cong

cua vii tru va cac tic dung hinh hoc cta né,

Khéng gian  theo

quan niém xwa ciua Newlon

lé¢ mol khong gian ciia
hinh hee Euclide trong do
long s6 8 gée efa 1 lam
gidge bdng 1800 va giiva
F cte thibn thE ¢ mél ste
hil lin nhau goi la lwe
hip dan vii try.

KHONG GIAN EUCLIDE



Khdng gian theo
thuyet Twong DT la mél
khéng gian cong 4 chitn
Nguwdi la khéng the bitn
dién khéng gian nly trén
giay dwee, nhing hinh
¢hi¢n cida né ld mét hinh
ba chiéu nhuwr hinh k& bén :

Mot thitn the teo
chang quanh né nhitng spi
lkhong gian cong va pg
hinh, Hai thién the hit
nhau khéng phai béi e

do ching sinh ra ma do

nhitngbign the efia khoing

kliéng gian rang ook
chiing.,

oUduG cong
inonGGian |1 1 | ,

1
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Ty,
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KHONG GIAN CONG +

D& ¢6 mot khai niém so lwge vé khong gian cong ciia |

Einstein chiing ta twéng lLrong khong gian nhw mot migng hot

eao su, trén do rdi rac cac vien siit tron ngng. Moi vién sft niim
trong mot chd 1om va phiin 16m cang sau khi vién st cAng néng,
Mudn xé dich vién sit, ta phai kéo né ra khodi ché Iom dé, vi
the chd 16m nay bidu dién cho quén tinh cia vién sft. Cae
vién st khi chay ngang qua phiin 16m sé bj roi lot vao, trong

tw nhw ching hat nhau :

hai khoi vat chiit hit nhau khong

do mot Iyc nio ci ma do hinh dang cong ciia khong gian.
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Bay giv muon cho
vien sit lin di chd khéc
chiing ta 6 theé lam hai
cich: mot 14 ditng tay diy
vién sit ; hai 1a ldy tay dé
mit cao su phia trirde no
tao ra mot phin 1om va
xé dich tay. Trong hal
trwong hop, vién sat déu
chuyén dong nhu nhau.

Néu chiing tachinhin
trén lkhia canhb chuyén

déng chia vién sit mad khong dé y dén phuong cach tao ra,chung

farkhoRg h&bist dwee vien sitlin do tay dayhay do st thay
d8i b milt efta tHm ném. No6i cich khae, {rong tewong hop
diu ching ta ding mot luc dé ting gia ide mot val ; trong
trirrng hop sau chung ta tao ra moOt su bign ddi khong gian

theo quan niém twong d&i ctia Einstein vi rong ch hai trudng

hop ching ta déu co eling mot kit qu.

Ap dung céc dinh luat hidp dan ctia Einstein vio cic bal
toan thién viin, ngwdi ta tim lai duoc che ket qufl giong nht
ciia Newton. Néu cac két qua déu twong dwong trong moi
trudrng hop thi che nhd bac hoe thich ding tréy lai 1y thuy€l
quen thude ciia Newton hon va xem thuyet ena Einstein nhu
l4 mot tic pham tuwdng tugng ky la chi d¢ ngim choi thoi. Tuy
nhién ¢6 vai hién trong ma thuyét cia Newlon gidi quyét khong
duwge trong khi thuy8t Twong BoOi o the tien doin va gidi
thich chinh xac.
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SU XE DICH CUA QUI-DAO THUY-TINH

Chiing ta bi€t ring cdc hanh tinh quay quanh mit tréi
theo mQt qui dao hinh biiu due (ellip) va cic qui dao niy tur
no eiing xé dich tir tir quanh miit tréd. Cac nha thién viin quan
sat thily ring trong cAc hanh tinh 46, Thiy tinh ¢6 qui dao
xé dich nhanh hon cd. True lon cia qui dao Thiy tinh quay
mot goc 574 gidy trong mot thé k¥ (goe 1 do biing 3600 aidy).
Sau khi tinh toan véi cac cong thire Newton, cic nha thién viin
nhén thiy anh huwéng hiip din cha cic hanh tinh khic ehi 1am
quay truec mot goc 531
gidly ma thoi, con phin
goc 43 gidy quay thém
ho khéng bigt tir dan ra,
Cac nha thong-thai da
nghién ciru trén moi yéa
t6 cb thé giy ra sw x&

: b L
aul 0AD cua
THUT Ting

SR dich khac biét ndy,
(Oul dao cia Thiy Tinh nhlrng roi L"ﬁl‘lg khﬁﬂg
xé dich quanh mat troi tim dwoc giai dap,

Leverrier nghT réing trong khodng Thiy tinh va Mat Troi,
¢é 3n nip mot hanh tinh nho, ma 6ng dit tén 13 Vuleain, di
dnh hudng trén qui dgo Thity tinh. Nhung khong may cho Ong
1 khéng ¢6 mét nha thién vin ndo tim ra dwoce hanh tinh

Vuleain, ngudi ta danh két luan Vuleain 1i mOt hanh tinh

twong twong va Thiy tinh 14 mét hanh tinh cirng ddu khong
chiu theo dinh luit cha Newlon,
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Nhung khi ap dung ede dinh ludt hip dfin cha Einstein vao

trurng hop nily, ngudi ta tim thily ngay duge tri s6 léch
thém 43" ctia qui dao Thiy tinh voi do chinh xéc 1%

Trong ludt hifp din Newton, su chuyén dgng ctia chc khdi
vat chit khong dnh hwdng gl trén lwe Init nhan giira ching,
nhirng voi Einstein thi lwe hiip din € khic di, twong Ly nhu
trong trwdng hop dién tir trwdng, Voi bai lirgng dign dung yén
thi lwe hit nbau giita chung ti 1¢ nghich voi binh phuong
khodng céch ; nhung néu ching chuyén dong, ching sé tao ra
mot tir truedong va ta s€ co thém nhing lye dién tir moi thay
d5i theo van tdc cua lrgng dién, Nhur thé cée lue lic dung trén
hai lwong dién dang chuyén dong s€ khong gidng nhw khi
ding yén. Voi cic khoi vat chiit ching ta ciing ¢6 hign trong

twong tw. Trong cée hanh tinh chia Théi dweng hé, Thiy tinh

quay géin mit troi nhirt vir ¢6 vin tde nhanh nhtt. Theo Newton®
cic yéu t& dé khong thé tw no gidi thich dwoc sy léch thém
clia qui dao, cac dinh luat Dong lyc hoc vé chuyén dong cua
Thuy tinh ciing phii gidng nhw cha cac hanh tinh khac. Piy
chinh l& mot so h& ciia Newton. Déi voi Einstein, sirc hip
diin manh liét clia mit troi ciing nhw véin tde 1on lao cha Thuy
tinh di Anh hwdng trén qui dao-ctia nd, vi dya vao céac yéu
6 do, Einstein di tim dwege loi giai thich cho cdu hoi khong
tra 1o tir 3 theé ky trude.

Ngiiy nay voi cac dung cu thi nghiém kiém chirng toi tan
che nhi bac hoc ddng ¥ rding ciac phwong trinh ciia Einstein
chinh xitc hon clia Newton khi gip troong hop ¢6 vin toc lon
lao va truwdng bilp dan manh,
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ANH-HUONG _-cm TRUGNG
HAP.DAN TREN ANH SANG

Cic hién twong trén trai dit cling nhw cde hoat dong cu
chiing ta ddu chin dnh hudng chi phdi cua trwdng hilp din
ctia frai dit, cha miit trdi victia hanh tinh, ngoi sao k& cdn,
Chiing ta nhdn cac Lia sing L khip noi trong vii try, Hanh trinh
cita ¢ic ta sing nay eb thé xuyén qua nhitng viing chin khong
tréng rong hay di ngang qua nhitng ving hiip ddn manh nhe
khice nhau etia cac thién thé rbi méi toi trai dat. Nguds ta ti
hoi riing khi di qua cac trwdng hiip dan do, tia sing ¢6 bi thay
d6i gi khong ? Phuong cua ching vin giit nguyén hay da bi
léch di 2 Thn s8 dao dong clia ching ting 1én hay giam xulng?

B timyecan drd 1ob cho-ede-efu hoido, Einstein UEp tuc

diny thi Hghigm weon g tuty de luhn:

Nhur che thi nghi¢m teede, mot nhom khoa hoe ga duge
diit trong mol phong thang may chuyén dong di lén qua khong
gian voi mot gia toe khong d6i va khong niim trong mo! treong
hip din ndo cd. Gid st mot siéu nhin lién hanh tinh dang
lang thang rong khong gian, chot thily phong (hang may lwot
vut qua. Anl ta nghl ring do 1a mGt quai vat va diing sung
bin mot phat. Vien dan xuyén qua vach, di qua phong va ra
ngadi & phin vich bén kia. May min cho ¢hing ta la khong nha
bic hoe ndo bi thwong ci. Sau khi hoan hiin, cic nhd khoa
hoe méi xem xél hai 1§ vio va ra clia vién dan. Ho nhin thiy
16 dad ra nim phia duoi 16 dan vao mot chiit xiu,
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Dol voi cie khoa hoc gia trong phong, ho khong biét gi
vé tinh trang dic biét cia ho va twdng riing minh dang & trén
miil dit, thi vién dan hoi léch xudng 1a 18 di nhién, né d& bi
lwe hilp ddn ctia trai d&t kéo xudng, Nhirng véi anh ching siéu
nhdn, vién dan lubn luén di thing. S& di c6 sy chénh léch gitra
hai 16 dan la do thang iy di di 1én duoc mot doan dudng nho
trong thei gian vién dan bay qua phong.

N€u thay vi anh chang si¢u nhan dung sting thudng, anh
ta ding sing dién tir biin ra mot loat tia séng giét ngudi thi
k€t qui cling twong tw, Van tdc chia anh sng riit 1on va tia sang
di qua phong trong mot thi gian rét ngén, Tuy nhién diu cho
thoi gian ngén (61 ddu, thang may cfing di chuyén dong lén
mot khodng ndo d6 r6i. Tia sing sé dap vao vach ddi dien tai
mot diém nim duwéi diém vao 1 phiin triéu ly ching han. Néu
cic khoa hoc gia trong phong dwoce trang bi cdc may do that

§2



t6i tan, ho sé thily s chénh léch qui nhoé bé ndy, Ho s€ gidi
thich nhir th ndo ? Nén nhé ho luon ludén twdong minh dang
dirng yén trong ving hfip din cta trai dit. Néu ho dp dung
nguyén 1y ciia Newton thi ho s& hoan toan nhim lin vi theo
Newton anh sang truy@n theo dwirng thing. Nhung néu ho da
biét qua Thuyét Tweng Bdi Thu Hep, ho ¢ thé 1y ludn nhu
sau :

Anh sang 1a m0t dang ciia nﬁng lrgng ma néng lwong co

khdi lerong cho boi he¢ thire m = --1—25- , viy 4nh sing ciing co
c

khoi leong, *

Do d6 énh séng sé bi hit béi truong hip dan cia trai dit,
vi thé phwong cua tia sing bi cong di.

Tir cae nhan xét hoan toan Iy thuyét trén, Einstein di dén
k&t lu@in ring:

Anh-sang sé vé mot dudng cong khi di ngang
qua tredng hip dan clha mét khdi vat chét

Einstein dé nghi kiém chitng thuy@t trén biing cich kbao
sit cdc tia sing di ngang qua truwdong hip din cia mit troi,
Mudn thiy hinh anh ciia ngoi sao phat ra nhirng tia sing
d6, ngwoi ta chi c6 thé dei khi ndo c6 nhat thue hodn todn,
e d6 milt tréi va ngodi sao sé duoce thiy cung mot lie, Einstein
finh ring cac tia sing khi di ngang qua mit trdi s€ bi léch
mot goc 1,75 gidy, do la gée ma chung ta nhin mol hop quet
dit ciach xa 5 cdy so,

S

* Xem lai phiin @y v& vit chit v2 ning lrgng




Dip may vira d€n, HOi Thién viin Hodng Gia Anh loan bdo
s¢ ¢o hién twong nhat thwe xay ra ngay 29 thang »-1919. Lap
tirc hai phai doan di chyp hinh dwoe thanh lap, mot nhom téi
Sobral Ba tay vd mt nhom 161 dao Principe thude vinh Guinée,
Phi chéau,

vl tri thit

'-_'.r

Sy
1
trl anh

-

1
. |
X
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Trén 20 ifm hinh, chi diroe moOt vai (Am véi hinh anh rd
ring efia cie ngdi sao. Cae hinh chyp ndy duoc so sinh v&i
nhitng tim khae A& chup ciing ngdi sao d6 kbi né nidim cich xa
miit troi, Cae nba thién viin phdi do khodng céch cic hinh dnh
ngol sno va ddi chitu trén mot bin do vii tru. Cong viée tinh
loan kéo dat miy thang, cic con sd do phii that chinh xéc vi
{hi nghiém niiy viit quan trong no dinh doat s& phdn cia Thuyét
Twong D6i Tong Quil cua Einstein.

The roi vao thimg 11 ndim 1919, trerée s& dong cie nha bic
hoc the givi, hai phai doan trinh bay céc k&t qua do dwee:
nhom Da thy ghi nhin mot do I¢ch 1,98 gidy trong khi cha

nhém Phi chau 13 1,61 gidy, Cac két qua ndy rdt gdn véi con
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sd tinh dirge ctia Einstein va nguoi ta coi ching nhw 1a mot
béng c&, chic chiin.cho Thuyét Tuong Bdi Tong Quat,

Vé phin Einstein, khi ngim cac bire inl g6i dén, ong
thot 1én: «Tuyét digu, tuyét dicuy. Mot vai nguoi ludng riing
Ong phat 1o sy sung suwong vi thuy&t Twong doi dweoe kiém
chirng rue ré, nhung ong dinh chinh ngay la ong dang khim
phyc céc nhi€p anh vién,

HIEU UNG EINSTEIN TRONG THIEN VAN HOC

Nguwoi ta tr hoi ring duéi tic dung clia cac trerong hip
din, anh sang bi hut cong di nhu vay thi tin so ctia no cé thay
doi khong? Thuy8t Twong Bdi cho biét tin s§ ankh sAng sé
giam nhiu trong mot trerng hilp ddn manh, Anh sing lai
mat troi co tin s8 hoi thidp hon énh sang trén mat dat, S
khae biét d0 dai songqua nhdnén ngudi ta khong the do duoe.
Tuy nhién, nguéi ta ¢6 thé dung quang phd dd thay sir khic
biét niy: cac vach eciia quang pho mit tréi hei léch ve phia
phic xa do, nghia la d¢ dai séng ting hay tin s6 di giam,

Trong vii tru nguwoi ta gip rdt nhidu neoi sao co (rirong
hip din r&t manh, gip ngin lin mit troi. Chang han nhu ngoi
sa0 ¢o tén «Ban dong hanh cha Sirinsy (vi ‘anh {a¢ Ine nao
ciing di cdp ke v&i sao Sirius). Anh «Ban dong hanhy niy duwge
céu tao boi cac chiit ¢ 1y trong kinh khiing, Tem® chit liéu
trén do bing 1 tdn trén mit ddt. Nho khoi ltrong to lon, anh
«Ban dong hanh» ¢6 mot trwrong hilp din rit manh, anh hudng
rit nhi€u trong swr chuyén dong clia Sirfus (o how anh ta 70 i,
Vi truong hilp din manh nén cic phiic xa phat ra ciing thav
dSi r6 rét. Nguoi ta quan sat thiy rang tin s6 phie xa phat
ra b «Anh ban dong hanh» di gifmn ding theo i 1é cho bif
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trirére ciia Thuyét Twong-Boi. Tin s8 thay d6i nén d¢ dai song
cia phic xa cling thay dsi va hién twong ndy duwge cac nha
thién vin goi la hiéu rng Einstein,

P& ¢ riing tic dung ngwoc lai van ding nhw thudmg. Mot
tia sang tir troeong hip din ctia mit troi dén ching ta sé co
tin s6 giam, Nguoc lai mot tia sang dén mot trirdrng hilp din
manh s& ¢6 tin s0 ting lén hay néi cich khac cac vach trén
quang phd sé léch vé phia phc xa tim.
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SONG HAP-DAN

Newton phat bidu réng van vt hit voi nhau biang mot luc
bi mét va luc hip din niy tac dung vao cic khoi vat chit
mot cach tire thoi diu cho khdi dé xa nhan cach miy di niia.
Einstein nghi khdc di . sir it nhau gitra cac khéi vat chit khong
phii.do mot Juc nio cd ma 1ado tae dung hé Litomg gilra eic
trieeng hilp didn ciia cdc khdi do. Trong Thuyét Twong Déi
Tong Quat khong ¢6 lwe hiip din ma chi c6 cic trwong hip
din nghia la quan niem vé lwe hiip dan cua Newton duwoc thay
the biing quan niém v& trwong hip dén.

Sy hiit nhau giita cac
khoi vat chdt khong xdvy
ra tuc thoi, cic ning
lrong dung dé thu hut
cdc khdi phédi nho edc
lubng séng truyén voi
vian t6c 4nh sdng dem
dén. Nhitng ludng sOng
ndy dwoge goi la nhitng
luéng séng hip dén, ~
Khong giong nhur cac séng
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dién tir, song bidp din truyén trong chan khong cling nhir
trong val chiit dén cang voi van toc khong doi (van-tdc dnh
sang), Khong c6 cach gi chan lai hay lam thay doi phuwong

ciia né duoc, Do dai séng cua cie song die bigt ndy rat to,
¢6 the dai dén hang triéu cay so, vi the ndng lwgng hiip dan
mang theo riit yéu, y€u hon cac lirc nguycn tr 1039 lan.

Cac niing lwong hilp din duge cic lubng song truyén di
dudi hinh thire cac phiin t& nhé réi rac ma cie nha khoa hoc
goi 14 hip-dan-tix (graviton). Moi hiip-dan-tir ¢6 the 1a mot boe
gom 4 hat neutrino ket hop lai, di nhién no ciing khong ¢é khoi-
lirong va ciing khong mang mot dién tich nao,-

T4t ci cac khoi vat chiit khi chuyén dong déu co mot
phiin nho ndng lwong mét di duwoi dang cac hitp-din-tir truyén
di moi hudng trong khong gian. Trai dit, mal (ring, mét troi,
che vi §ao... déu phit ra edc Ribng; song d6. Whitrng edc'song
hitp dén phil ra tir mit (rang hay mat troi dén gua }ﬁa kho
thé phat hién dege. Chi ¢ voi nhirng ngdi sao vi dai, nhtrng
vi linh ti that eo dong, ngudi ta hy voong phat hign duoe cée
ludng song dac biet do.

Trong vii try, nguwoi la gip rat nhién cac ngci sao phi
thudng nhw «ngdi sao neuiron» co rong liwgng riéng la 10
tricu tin mdi em® ede ¢pulsary lw quay voi van tée kinh
khiing 1 vong trong 1 gidy, hay nhuw cic ¢siéu tinh 1 supernovaen
tw phiat nd lien hoi,.. Voi mol ngot sao iy, ning lowong

hiip dan phat ra toi 2,108 Joule/giay, nghia 12 bing 5000 lin
ning lrong anh sing clia mit troi. Sw hieu bigt vé khong gian
ctia con nguoi khién cac nha khoa hoc nghi ring co rat nhiéu
lubng song hilp ddn tie khip noi trong va try tran dén Lrai dat

¢iing twong tw nhw cac lndng anh sang hay luong song radio,
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Mic du vat chit khong thé cin hay chiin dwoc cde Jwgng
song hilp din, nhwng nguoi ta bist ring ching c¢6 theé lam
chio cie khii val chit dao dong duwoe. Trai dat lic nao ﬂﬁpg
bi tran ngap cic song hip dan, nén theo ly thuyét no s@ bi
dao donyg khoug ngirng, Khong may cho ching ta, cde nha
khoa hoe khé thé phan biét duwoe cae dao dong yéu ot niy vi
trai dat ciing luon luon dao dong deéi téc dung eha céc
nguyén nhén khic nhw dia chiin k& hay cic con bio (ir.

«AN TEN» CUA GIAO SU WEBER

Tro g til ca céc phan cha Thuyét Twong Doi Téng Quat,
phin vé song hip dan 1a phiin dwoe ban cdi nhidy nhitt va la
phiin kho kiem chirng nhirt. Hign gio, gido su Joseph Weber cfia
Vién dai hoe Maryland dang ¢0 ni't'nq thue bién mol dung cu dae
hiét duoe ditng nhw mot an ten deé ]m[ chic ]urmr! song hfi'p dan.

Au‘a len niijr 14 il imﬁ nbdin hinh tln n&rrg I tun rtrﬁi_,
dai 1,53m voi dwong kinh thay doi te 6 dén ¥6 em, Che kich
thude divoe tinh saocho kin §0 5
doo dOng cita Sng nhom o the
cong hwdng voi lin sd cua
song hilp din, He théng drge
diat trong c¢hian khong va treo

the nao ¢ho nd tranh dwoe

it ca hién lLrong -dao-dong
phtte tap khae, sinh ra do dia
chiin bay do cic con bao i,

An-ten bit séng hip dan

Trong khoang gitra 6ng e6 dit nhitng manh thach anh c¢é tinh
ap digén ; khi hai phan diuw 6ng rung dong, chiing sé de 1én
¢ac manh thach anh va cac manh thach anh & phalt ra céc
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tin higu dién. Duéi tae dung ctia cie ludng song hip dén,
hai diu Ong nhom s& c6 nhiing dao dong rdt y€u va céc i
manh thach ap-dién s€ cho thily cac dao dong ndy.

Gido s Weber di ché tao rad dinlen ciing loal {rén nhung
véi do chinh xéc khéc nhau dé tranh céde suw tring hop. Ba
dnten dil & vién dai hoe Maryland va mot ¢ phong thi nghiém :
Argonne gin Chicago. Vao diau ndm 1969, ong di ghi duoe,
sau 81 ngay theo doi, 17 hién twong dao dong ma theo ong
chiing sinh ra do céc luéng séng hip din dé€n tir bén ngoai |
vii tra.

Cang ngay Thuy® Twong Bdi cing t6 ra hop 1y va chinh
xdc nén cic nhd kboa hoc ciin ¢d nhitng thi nghiém cu the dé
ki€m chirng cée nguyén 1y cin bin cita thuyél ndy.

Ngay pay kbinoi dén khopg gian vii tey Ia ngudi ta phai néi
dén Thuy#t Tuwong-Doi Tong Quat cta Albert Einstein. Thuy8t
ndy duroc coi la nén tdng ciin bdn cho khoa thién viin hién dai.
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THUYET TUPONG-POI VA VU-TRU

QUAN-NIEM CO-DIEN VE VU-TRU

® Quan niém Déng phuong

® Quan niém Tay phuong
HINH ANH VU-TRU THEO THUYET TUO'NG-BOI
VU-TRU VA SU BANH TRUONG

® Thuyét Lemaitre

® Thuyét Tolman
® Thuyét Hoyle - Narlikar



CAC QUAN-NIEM CO-PIEN
VE VU-TRU

Chﬁng, ta dang sﬁng {rén moOt hanki tinh quay lo lirag
trong Théi dwong hé. Thai dwong hé niy dwoe coi nhur 13

mob hat “cal quay.cudng trong mot con 16c: d6 la hinh anh
trgng trung trung cho Gidi Ngan-Ha ctia chiing ma mdi hat
cat bay 4 mot hay la mot ngdi sao, mbi chi€e 14 cudn theo
la moL thien thé, Nhin xa hon, Gidi Ngin-ha cia ching ta
chi la mot trong hing tri¢u thién ha twong lir nhw the, 16
diém ldm chiim khiip noi trong khoang b khong ménh mong
vO tan va fa goi Lt ca hinh anh d6 la- v tru.

Vii tru chira vo s6 vat thé khac nhau, trong c6 cac thién-
thé, cac tinh van va hang t¥ ngoi sao tu tap voi nhau thanh
chom, thinh che dam may, cic thién-ha va cic hé-thdng siéu
thién ha. Tir ngan xwa dén ngay nay, cic nha thién vén cling
nhur cic nha baé hoe déu ¢o tham vong mudn bi€t hinh dang
kich thwée va ngudn gde cha va tru nhw the nao,
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QUAN-NIEM CUA DONG-PHUONG

Theo quan niém vii tru clia Bong phwong, troi dit van
vat chiu &nh huwdng chia bai y&u 18 cin bin ¢dm dwong» bi€n
dong khong ngirng, Nguwdi Trung Hoa di dwa ra thuy€t vii
try nhi nguyén, cich day hon 1000 niim dé gidi thich sy thanh
lép vi tru nhir sau

Lic so kh&i chwa c6 gi cd, chi 14 kholng chan khong
trong rong. RO mot chilt 10ng khong thé s& mo duoe, ngau
phién sinh ra hay do mot dfng Tao hoa tao thanh (viin dé
nay kbong thily cé sach nio néi rd). Nguoi Tau goi chiit long
dan hoi niy 14 thdi cie (tai-ki), P6 co nghia la chat so dang.
Sau khi bi 16i endn chuyén ddng theo cic dudng vong x0in
frong moOt thoi gian dai chit léng so dang nay bi chia lam
hai : mot phiin gbm nhitng phin tr to 16n va nang, roi xudng
thanh 44t ; mot phiin khac gém nhitng phén tr nho va nhe
hon, & lai khong trung tac thénh biu frdi, Phiin thir nhit
goi Ja am va phiin sau goi 14 dwong (yin va yang). Hai phiin
am duwong két hop nhau tao ra vat chilt : «trod, anb sang,
kbi néng, sirc manh, doi sdng, dan ong la dwong; trong khi
dit, béng t6i, hoi lanh, sirc y&u, su chét, dan ba la amo

Ching ta nhan thiy ring Thai cyc chwa hin 1a chil so
khé&i etia vii-tri, 1a vi trirde né ¢6 khodng chén khong, Khoang
khong d6 goi la Vo cwe, Tix VO cuc qua Thai ewe, Vi tru da
dién bign tir trang thai vO hinh sang hiru hinh, Tr Théai cuc
sang 4m dwong dén van vit, con phai qua mot chdng dudng
bign doi gay go va kha dai.

Ngdy nay, quan niém Vil tru ciia Bong phrong khong con
bi coi nhuwr la mot m& 1y thuyét vun vit mo ho nhu mot so
ngudri di phim dinh, ma n6 gin ding voi cic 1y thuy€t hien
dai ¢da Ty phuwong v€ su ciiu tao vu tru.
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QUAN-NIEM CUA TAY-PHUONG
Trude Einslein, ngudi la coi vii try nhw mt hon dao val-
chitit troi 18nh bEnh trong mot dai dwong khong gian vo tan,
Ngwoi xua cling cé Iy khi quan nié¢m ring khong gian vo tan
vi néu kkong vo tan thi & bén kia gidi han cta khong gian
chiing ta s& giip cai ¢i 7

Nhung n€u ta chiip nhin thuy@t ndy thi véi s6 Irong vi
chiit qui nho bé ddi véi khodng hw khong, cie thién ha, tinh
viin coi nhiwr 14 nhitng hat bni nfim (rong biin khi quyén va vii
tru gin phe el i khodng chan  khong.

Einstein khong hai long v& cie hinh dnh vii trq trén. Ong
cho rling con ngudi khong the vé mol hinh dnl vii Lo qua cac
giac quan han ché cta minh dwoe, nghia 1a ching ta khong thé
dién-ta vii tru nho véo hinh hoc Euclide duge :

T T e

%h@ Eﬁﬁﬁmﬁﬂm{ﬁlﬁrugmgﬂu nhiit (ﬁ Lr mot ﬂlﬁm nﬂy‘ﬁﬁn
mot didin khic la mot dudng thing, Ngay nay ai cling biét con
dudrng ngin nhicet di tir Saigon dén Hong-Kong 14 mot con durong
cong, ¢o nghia la khi 4p dung hinh hoc Enclide vio miit qud
dét thi n6 khong con ding nira,
Néu ta vé mot tam gide vi dai,
¢o mot dinh ¢ Bic cwe va hai
dinh kia & lrén dudng xich dao
thi tam gidc nily khong theo
ding dinh 1y clia hinh hoe Eu-
clide hay n6i rd hoit tong s6 3

gée cua tam giace khong la 1800
mi la 16n hon 1809,
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Tit ca che khuyet didm trén cha hink hoe Euclide rj'l:;'a_--'--
do cong qua lon ctia Trai ddt ma tim mil con nguoi khong
nhin thiy dwoe. Con nguéi ding trude vit tru cling nhu con
kién bo trén mit ddt : con kin cang bo cang tin ring trai dit
phéing va vo tan ché né ddu co bilt trai diit c6 gioi han va la
mot qué ciu, Vi thé, Einstein suy ludn riing vii tru cling 6 mit
gioi han vé ¢6 mot hinh thé kbac thudng, khong don gidn
nhw ta tudng,
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HINH ANH VU-TRU
THEO THUYET TUPONG-POIL

Theo thuyél Twong-B8i Tong-quat clia Einstein, cic thién-
thé tao chung quanh né mot tredmg hilp din. Cac tia sdng khi
di ngang qua cic truong hilp din nidy, s& bi hit léch di v
dwing ngﬁn nhit.cia mot tia sing dé dili chd niy d€n cho
khie T mot diwong cong, cho khong phai la mot dwang thiing.

Vit ¢hiit edng lu tip nhién chirng nio thi khong gian tai
noi dily cang bi bign thé, cang bi cong bly nhj¢u. Voi cic cong
thire etia Einstein, nguti ta tinh vling twong Gmg voi vo sO vat
chilt chira dung trong khong gian, vii-tru phdi 1 mot khoi
cong kin vi-dai. |

Nha bac hoe James Jeans dién td vii tru theo thuyet Twong
B&i cta Einstein nhwr san : Ta ¢o thé biu dién v@i try bing
mot bong bong xa bong. Ching ta hily nbin mot dira hé nhiing
mol dng rom vao nwoe xa bong voi dua 1én miéng thoi : mot
hong bong voi cic vét mau troi 1€nh bénh trén do, thoat bay ra
nhe rhang trong khong khi ; dily 13 hinh dnh ding nhit cua
vii tru cho bdi thuyét Twong-Déi, Vi tru khong phdi la ben
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Tinh van vong

§ = i % i A | , L " -
Vong tinh van ndy la mot vong bang khi hiém phdt sinh ra do
nyéi sao rat nong o trung tim. Cac khi etta linh vin bi kich Uhich pd
phat quung do cie phic xq bin ra lir ngdi sao,

trong hay phia ngoai bong béng ma chinh la lép xa bong hinh
cdu d6 ; 1op x4 béng biu dién khoiing chan khong rong lon

trong do cae vét mau la cac thién ba, cic tinh td va tinh van.

Vi vat chiit lam eho khang gian cong nén ta ¢6 thé tinh
duge dd cong cua vil g néu ta bidt duge 1 trong trung binh
clia vat chiit trong vii try. Nginh khoa hoe thién van ngay
nay di tinh dugce i trong uily,

Nha thién van Edwin Hubble efa dai quan sat Mont Wildon
dd i mi nghién ciru lrng khodng mol trén biu troi hang may
nitm lién moi tim va tri s8 trang binh efia vat ehdl frong
khong gian,
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Ong cho bigt mdi em?® khong gian chira mot st luwong vat
chit 1a 0,000000000000000000000000000001 gram hay ti trong la
d = 10— g/em® khong gian,

Ap dung cac phuong trinh cua Einstein, ngudi ta linh
dwge ban kinh ctia vii tru l1a 35 U {i quang nién (35.10'% ndm
anh sng) nghia la éanh sang phai di trong 35 4 ti ndm moi
di bt quing dwong tiv vo dén tam vi try,

Cic con s6 trén cho thily vii tru cna Einstein méc du
¢6 gioi han nhung no ciing khi lon dé co the chira hang
trieu thien ha, hang {i tinh van va thién thé, Néu la ngoi
frong mot phi thu vén bay voOl van toe anh sang 300000 cay
sé moi gidy, ta co the dao choi mot vong quanh vii try de

rer vt chd cii sau mot thoi gian la 200 U tigndm,

Thién ha xoan n?iy nam Irong c¢hom sao That nir, chira

diwng khodng 100 i ngéi sao. Van e banh (rwdng : 1200 km/s.

juo
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VU-TRU VA SIP BANH-TRIFONG

Trong thai gian Albert Einstein miél mai voi cfic phirong
trinh todn hoe clia minh, ong khong bi#t viing c6 mot hien
trong phi thwéng dang dién bién trong khong giﬂ»n d6 la hién-
trgrng vit try dang binh-tewéng, Sir I-.I&n nily riit goan (rong
vi swr truwong né dnh hudng ril nhidu trén do cong elia vil tru

Nha thién vin Edwin Hubble trong khi diing kinh quang-
phd phén tich dnh sing phat ra bdi ede tinh vin, va cic hon
dio trong vii trg, nhin thily riing 809 cic thién thé do cho
mot quang phd ma ede vach di chuﬂm vé phia héng ngoai.
Vige xé-dich cac vach niy chitng 6 ring cde ngudn énh séng
dang chuyén doéng xa diin dia cliu.

- Cée phép tinh cho bidt cae thién hi, tinh vin cing & xa,
chiing di chuyén voi van téc cang lén, hay noi cach khice vin
toc banh triréng cia vii tru ting theo khoing cach.

Trwoce kia, cén cir vio thuy8t Twong-ddi, Einstein chitng-
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Tinh vin Androméde

Tinh wvdn xoidn ndy cich va Trai dit 2 [rién
clia né r

quang nien, Birirng  kinh
l'.;“"j hon 100 r.‘g’jf:‘H qLanyg nicn pa chira f’-"{}

Van toc banh trieéng = 50Km/s
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minh ring vii tra dimg yén va ¢ kich thude khong doi, Dén
niim 1922, nha thong thai Alexandre Friedman nghién ciru e4e
phirong trinh cua Einstein va tim ra trong d6 mol con todn
dai s sai. Sau kbi stra lgi, Friedman nhin thiy rang co- e
ctia vii tru hodn todn khic bin di : vii tru sdng ddng chir
khong ditng yén va no co [hé truong no hay thu rit lai, Cace
con linh stra lai ndy pha hop véi didu quan sat dwoc ¢ua
Hubble,

(Sau nily Einstein thi nhin dé 1a 161 lim 1én nhut trong
ddi Ong)

Voi che dung cu nghy nay, ngudi ta chi do dirge quang.
phd ciia cdc thién ha xa nhit vao khoang 6 ti nim dnh sing
lic dé van tée banh trirong do 150.000 chy sb mbi gidy, bing
nita van téc anh sang., Cac thién ha cich ta | tri¢u nidm anh
sing c§ vin 8¢ 250km/gidy trong khi GidiNganHa ﬂﬁﬁ Lﬁil“is
la ciing chuyén dong vio khoing 160km/giay.

Nguwdi ta vi vil tru nhu mot tréi banh IE’ m ddm nhiing
vél triing biéu dién cho cic thién thé va cie ngdi sao. Trii

banh vii tru ndy cang lic cang phOng to lén rit nhanh v 1é
di-nhién cac phiin clia vél tring ndy cing lic cang roi xa
nhau vi cing tach xa tam.

Hién nay dwong kinh cia vii tru ting thém 25 triéu ciy
s¢ mbi gidy va trong mot i nim Loi, vi Lry se giip doi bay gior
Vi s banh trudng niy, ngudi ta nghi ring xwa kia vao thoi
méi thanh lap, v tru chi 1a mot khai vat chiit duy nhit va
khong bigt vi 18 gi cic vat th¢ biit ddu cudc hanh trioh ra
vO tin céch ddy vao khodng 15 ti nim.,
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THUYET LEMAITRE

phi 1y thu ndy, che nha thién viin cang say
én man bi mat cua Tao hoa. Loi giai
groi Bi tén Lemailre va vé sau
Ong cho riing

Vi kbam
mé tim toi hdu mong v
thich diiu tién la cia mue s n
dwoe tién si George Gamov bo khuyét theém,

Tinh vin «Con Cuay

1 # "q = % 8 i # . L] ¥
No 14 hink anh ctig mol va no cta mol sién tinh ta (supernova)

bdo ndm. 1054 Cac chél khi va hoi bin fung ra tie ldm digm véi vdn
tde 1.120kmis. |
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lte din vi tru chi 14 mot dam may khong 16 chira toan hat
peutron chay hon-loan trong mot nhiét do kbung khigp va
diréi mot ap lwe kinh hon. Khong mot nguyén tir, phan ti
ndo chin ndi mot sire nong va 4p lwe nhuw thé, Nhiét 4o va
d&p sulit cang ngay cang ting cho dén mot lie khong chiu
dirng noi nira, ddm miy tw nd tung, biin cic dam hoi ra b
phia. Cang viing ra xa nhiét do cang giam, ap suilt nho din,
cho dén mot hicndo d6 ndng lueng sé co dong lai thanh cac
dién lir, nhin nguyén tir ri dén sie két hop cho cde nguyén
tir, sau cung la vat chiit, Trong vu nd, cic ménh vat chit
durge tao thanh va viing ra véi t8e do khae nhau. Nhitng méanh
cd toc do lon sé di nhanh vd xa hon, Ngin ha cia ching ta
chi Ia mot manh ving ra voi vin tée nhd nén & gin, cling
nhir thién ha hinh xoin 6c Andromede.

Lemaitre dua vio toc do va ];;huﬁ!-lﬁ'ﬂ;a'uﬁ'ﬁ cic thién the
viang ra ma cho ring vu no xay ra vao khoing 8 i nim tic
la trwoe khi Thai-dwong-hé thanh Iip 3 (i g,

THUYET TOLMAN ¢

Mot gia thuyét khac coa tign si R.C.Tolman & vién Ky-
thuat Californie eiing khong kém phiin doc dao,

Tolman cho réng sy banh trudng chi'la trang thai tam thei
cia vii try ; ti€p theo thoi ky nd lon sé la thoi k¥ rut nho lai.
Trong vien dnh d6, vii tru duwec coi nhw 14 mot qua bong
phéng ra r6i xep lai va etr nhir thd muén doi, Chu-ky athos
cua vil try dwoe xie dinl boi swe bicn dbi s6 lugng vat chilt
chirta dung trong khong gian.

Ly lugn cua Tolman dwa vde mdt sw kién hién nhién ma
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ai ciing xac nhin, doé la sur hﬁy diét khong ngirng cuia vat chit,
Tir cae sur bién d6i trong titu vii tru ciia nguyén tir dé€n eac vu
nd chay clia cac tinh i trong dai vil tru, nguoi ta nhan thily
cang ltie vt chiit cang nhuong chd cho ning lwgng va ning
lwong din din tan bi€n trong huw khong. Sau kbi dot hét sd
lwgng vat chit ciia minh, sO phén cua mit broi cling nhwr cac
ngoi sao chay séng khic sé chi con la nhitng thién thé nho bé
vi chét lanh, Cae sw hity bién lién tuc ndy s€ lam vu try mat
di mot s6 kha lon vat chilt va theo Einstein thi d6 cong cua

vii tru s€ co rat law

Lic do, cac tinh van trirée kia dd dang xa, bay git xich
lai giin nbau va cic vach trén quang pho s& di vé phia mau
tim ¢cho khong do nira.

Trong khi do.cac néing lugng di tan bién trong khong gian,
s& diu din tiel fy lai thinb cic dign 1, ngayen fir réi phan
tir vat chit, Dwéi dnh hudng cha le hiip dan, cac hat vat
chét két hop voi nhau tir tir thanh cic dam may, cac tinh ta
sau ciing la cac hé thong thién ha va vii tru sdng dong duoc
tai tao lai,

Vi chce gia thuy@t cha Lemaitre va Tolman, con nguroi
ciing khong thoa min twtwong cla minh va ho ¢t ging
khong nging tim ra mot giai dap thoa ding khac.

THUYET HOYLE-NARLIKAR

Budi sing ngay 11 thang 6 néim 1461 tai Han-Lim-Vién
Hoang-gia Anh, gido sir Fred Hoyle trinh bay mot thu}rét moi
vé vii-tru md Ong dad thigt lap voi nguéi hoc ird An B9 xuilt
she ciia minh tén Jayant Vichnou Narlikar.

Véi biet danh «Nguoi gac cta Vi-tryy, Hoyle duge xem
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nhr [a mgt vi tinh ti sing choi trén nén trod Vi-tru-hoe. Cée
chuyén vién coi thuyét HOYLE-NARLIKAR nhw 14 mot chia
khéa m& rong thém mot canh cira 1on ciia Vii-try, Thuy8t nay
bao trum ca hai ¥ niém cta Newton va Einstein ve vii-tra va
coi thuyet Twong-Boi nhur 1&4 mot trudng hop dic biét.

Phan chinh yéu ciia thuy@t niy cho riing (dl-ci chc vat
chit trong vii try, dit nhé dén dau, déu c6 mot sir lién hé
mat thi€t voi nhau. Sy hién hitu clia mo6t hat dien tir ciing
la két qua cua sy hién hiru clia vii try, cac tinh chit vat 1y
cha n6 nhu khdi lrong, dién tich, spin... déu tuy thude true
Li€p vao céc dic tinh cta vii tru nhw ban kinh vii tru, str banh
truéng, si phan phéi néng lwong.., NEu ta loai bo cac ngoi
sa0 gin mit trod thi chuyén dong ca trai dilt s& thay ddi rit
nhiéu, khong phéi do trudmg hiip din cha biu troi - thay. dbi
mé chinh do sir thay doi khoi lwong ctia mat tedri; Vi thE, vii
tru phai luon ludn dwoe can bing vé khdi-lrong.

Hoyle cho rdng cdc thién ha dang chay ra xa, xa méi ¢ho
dén khi nao van (8¢ cua chiing bing van tde anh sang thi
ching s& bign mit. Lic do la khong cin lim hidu ching sé
ra sa0 vi kbi do ching ta dat toi gioi han cudi efing chia vt
Iy va budc vao linh vye siéu hinh, Sy mit mat vat chit ndy
duwge khong gian bu dip lai bing eich tu tao ra vo s ly tr
val chiit ngay trong khoang chin khong trong vii try. Chiing ta
¢6 the noi ring .

« Tal ca déu chuyén-ding, tat ci déu thay dbi, tét ed
déu dugce sang lqo d¢ roi tit ca déu bitn mdtl »,
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Nhitng kham pha méi day cho thiy céc nguyén Wr nhe
nhu Hidrogen, Hélium, Oxigen, Nitrogen va Carbon, khi duge
ném lén trong khong-gian, c6 thé tir tir k&L ty lai thanh céc
phén tir, ké dén cac ly-t&r bui va hoi, Dudi tic dung ctia ap lue
ctia cfc tia sang phat ra béi tinh 1G4, cac hat byi Iy ty niy dinh
chiat nhau tao thanh mot dam mdy, lon déin, lon din cho dén
khi ¢6 mot kich thute kha di dé co nhirng hién twong vat 1y
say ra va ta duge mot ngoi sao méi thanh lap.

Theo Hoyle, khong gian chira dirng mot moi trirong ¢6 tinh
cich sang tao val chiil va goi né 1a «Truong sing taos» hay
« Trueong Cp, Gic nha thien vin da tinh dwec trong moi gidy
dong ho, khong-gian tao ra mot s val chit co khidi leong biing
o0 000 Iin khoi lrong mit trod,

Thuy€l Hoyle-Narlikar dem d€n mot y niém kv la san:

Vii tru hién thoi eta ching ta & va cde yéu té vat 1y nhw
nang lwong, lue hilp dan, crong do sang cua tinh ti... déa tay
thuge vao cor ciiu kién trie tong quat etia vii try.

Gia str la loai bo dwoe phdn nira s6 lugng vat chit trong
khong gian, hoi ¢6 chuyén gi s€ xdy ra ?
Newlon va Einstein s& tra loi riing : khong ed gi x4y ra ca,

Hoyle dap khacdi: Mitl trod s€ it cic hanh tinh hai lin
manh hon va phat ra sire nong géip trdm lan hon bay gio. Trai
dat sé quay sat gan mit lroi va ching ta s€ bi nwong chin roi
bde hoi hét.

Vi thé vao nhirng dém hé, nhin 1én biu troi diy sao, chiing

103




ta s€ tyr nhti : n€u khong ¢6 cic ngoi sao xinh xin va diy dic
kia thi ching ta ciing khong c6 miit trén trin thé bui b&m nay.

*

Céc nha thién van ngay nay véin khong bing long v&i hinh
anh tron cla vii tru. Co ngwol cho rang vi tru hinh elhp, o
ngudi cho 1a co dang hyperbol. Nhung déu cho hinh the ciia
vil tru ¢6 thay doi, ddu cho sw gidi thich vé ciu tao vii tru co
khac di, tdt ca cic nha thién viin trén thé o gioi mde nhién coi

thuy€t Tuong-Ddi ciia Albert-Einstein nhwr Ia mot nen tang cua
khoa thién viin hién dai,
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TP - VIPNG

Chat dong-vi (isolopes, isotopes): nhing chat c6 cung héa tinh
nhung khac nhau vé kbhoi luwong.

Dién-tir (éleclron, electron): hat that nho quay quanh nhén cua
nguyén tw va mang dién am,

Dign-tie-trwrong (champ électromagnétique, electromagnetic field) .
khoang khéng gian chin anh hwong cia cic T
sinh ra boi motdong dién chay trong mot tre-trirdrng.

Do dai séng (longeur d'onde, wavelength) : khoang cach gitra hai
dinh lién ti€p ctia mot ludng song. |

Bong-nang (énergie cinétique, kinelic energy) : ning lirong sinh
ra khi vat chuyén ding.

Ether (éther, ether) : chdit vo hinh tran ngap trong khong gian
va trong vit chiit, 14 moi trudng truyén anh sing
va cac song dién tir,

Gia-toc (accélération, acceleration): d¢ gia ting van tde trong
mot gidy. Lam mot vat ¢6 gia tde c6 nghia la lam
cho vat dé chuyén dong cing lie cing nhanh hay
cang lic cang chim din,
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Hép-dan tir (gravilon, graviton) : phin tir chira niing legng héip-
dan phat ra boi mot khoi vat chiit, gom 4 hat ngu-
{rino két hop lai va truyén di voi van tdc anh
sang.

Hi¢u-irng Einstein (¢ffel Einstein, Einstein effecl) : hién twong
do dai séng thay doi trong cac quang pho cua cﬁc
ngm 520, :

Khoi- h.r-;rng (mﬂsse mmu} qiﬁ-'iuﬁzlg-.tfﬁt chat chira trong mot vat.

Lyrc hap- dﬁn (_fﬂPL‘E qrmrn‘atmnnaffc qmmmfmnu! force) . hee hit
“nhau gitra eac khol vat chiat. Luc ndy tuy thude
vao khoang.cach vi khoi lwgug ctia cée khéi.

Langevin: Paul Langevin (1872-1946) nha vat 1y hoc nguwédi Phap,
chuyén khao ciru trén cae lanh vyc sau: phat xa
diéno U, fon hoa che khi, séng siéu am, thuyét
trong doi va quan tinh ctia ning lwong, thuyét
dinh huwéng phéan tu. ..

Lirc ly tam (force centrifuge, cenlrifugal force) : Luc keo mot
viit viing ra ngoai khi vat c6 chuyén dong tron.

May gia-toc (accélérateur, accelerator) : may lam tang van toe
cie hat, cac vi tr nhu neutron, proton,..

Nang-lugng (énergie, energy) : 14 tit cd cai gi co thé cung ciip
mot cong. N6 co thé duoi dang héa ning, dién
ning, nhiét ning, nguyén Wr ning...

Nguyén-legng (quanium, quanium) : phiin niing leong nho nhal
dwoe phong ra dudi hinh thue cic phic xa. Mai
quantum chira mot niing luong 1a E = hN (N 1a tin
s0 cda phic g, b 14 hing s0 Planck)
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Ng'uvﬁ'n*-l"{' (principe, principle) : Mot phat bidu Long quat vé nijt
chin Iy céin bin ndo do, khong chirng minh dwoe
ma chi kiém chitng biing thi nghiém,

Nguyén-tir (atome, atom) : phiin c¢fu tao ciin bin cia vat chit,
Nguyén tir gdm nhitng di¢n t& quay riit nhanh
guanh mot nhin.

Phan-tlr (molécule, molecule) . 1 ‘ﬁ'[ 7 ”hlrf H‘:ﬂ vat chit &
:"&ﬂ’)t’kph.im [dfﬁmnluu; nguyen
& f 3( 7 ?. ;'t

PhGc-xa (ragonnement. rac :'ﬁfmkrftrﬁf#{: néuo hmh? l/.tflt ra bai

mol ngndn nio WS «C ﬁ;g‘fnn (3% ‘Hu }fr nhitng vi tir
hay la cde ludng song

trang thai tir d
tie hop lai,

| 'Tt'ﬂ"'["nnu khong gran voi
vin tde anh sang,

Positon : hat dién 1k mang dién tich duong et

Quaén-tinh (inertie, inerty) + tinl chilt chung ctia vt chalt, chitng
Iai sy thay doi trang thai chuyén dong.

Quang-nién (année de lumiere, light-1 ~year) : don vi do Lht}&nﬂ

cach khong gian trong vii (ru. No chinh I3 doan

duong di clia énh sing trong 1 nam, vio khoing
9,464, 1060,

Quang-phé (specire, spectrum) @ 1 mot aiai mau sinh ra ki tia
sang qua mot Hing kinh,

Qui-dgo (orbite, arbil) : duing chuyén dong etia mOt vit dudiinh
hwdng ciia mot lue hay ciia mot trwedng hifp dén.

Séng hdp-dan (ondes gmmm!mnnf!iea, gravitational wavpes)

nhitng luéng song mang eac ning lwreng hilp dia
phat ra héi cde khoi vat chit,
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Tac-dung quang-dign (effel photoelecirique, photoelectric effect)
hién trong sanh ra mdt ludng di¢n tir khi mot

chiim tia sang dap trén mot bin kim loai,

Tan-sé (fréquence, frequency) : sO dao dong cua mot lubng song
trong mot gidy. Tin s0 1} 1& nghich voi d¢ dai song.

Thach-anh ap-dién (quarlz piézoélectrique, piezoelectric quﬂrfz):
da thach anh ¢6 tinh chilt phat dién khi 4p manh
vio hai miit ctia nd.

Thien-ha (galaxie, galaxy) : he théng vi dai gom vo s ngoi sao,
thien the tu lai, Théi dwong he nim trong mot
thien hiA ma ngwdi ta dit tén 14 Giai Ngan Ha.

Ti-trong (densité, densily): ti s gitra trong lwong ciia mOt vt
voi trong lwgng nuwoe cing the tich (néu 1a chiit rén
hay chiit 1ong) hodic voi trong lwong khong khi
eling thé tich (neu la ehit khi)

Tia vii-trg (ragons cosmiques, cosmic rays): cie hat that nho tir
hén ngodi vit tru bén vao khi quyén. Chiing gom hai
loii: sor ciip va thir cip Cic tia so clip riit manh,
chira 787 proton, 20% nhén hélium va 2% nbéan
nguyén Ui niing, biin vao khi quyén voi vin tdc
+&t o, Che tia so cfip kbicham khi quyén s& bi
bién thanh cae tia thir ciip yéu hon riit nhiéu.

Tinh-van (nébuleuse, nebulea) : ddm may khong 16 cin tao boi cac
ngdi sao hay cde chat khi trong khong giau v tru.

Trong-lyc (pesanteur, gravily) : swe hit cua trdi dat,

Trong-lwong (poids, weight) : suc hat cha trai dit tac dung vao
mot vat.
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Trudong C (champ C, creation field) : khoing khong gian rong
lén trong d6 vat chilt lw tao ra,

Trudng hdp dan cia Einstein (chiamp de gravitalion einsteinienne,
gravitational field of Einstein) : viing khong gian bi
cong lai boi quan tinh coa mdét khéi vt ehfit va
¢d the dung 16i cuon cic vit khiac vao khoi vit
chit do,

Truédrng hdp-ddn cia Newton (champ de gravitation newloniente
gravitational field of Newlon) : ving khong gian

lrong d6 moi vit chin anh huwdng cta hire hilp dén.

Tor.trwdrng (champ magnélique, magneltic field) : ying khong gian
chiu &nh hwdng cta nhitng lue sinh ra béi mot
nam chim.

Vat-chat (matiére, matter): tat ca céi gi chung ta thdly, ngti, so
mo duoe, .. Vit chilt ¢6 ba loai. ehiit riin.nhir ban
gh, siit...; chilt ong nhw nwéde, rwou...; chit khi

nhw khong khi, ammoniae, than khi. ..
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Danh-sach dai-ly ban sach
DO TRUNG-TAM HOC-LIEU
BO GIAO-DUC XUAT-BAN

240, Trin-Biah-Trong, Saigon V
Bién-Thoai : 93.642 - 24.142

lsﬁ“ TEN DAI-LY PIA CHI TINH
1 | Trudng-Son 173, Pic-lap PA-NANG
2 | Ai-Hoa 67, Tran-Hwng-Bao THUA-THIEN
3 | Dong-Ha 7, Phwée-Hdi, Nha-trang | KHANH-HOA
4 | Khai-Tri 62, Lé-Lyi, Saigon SAIGON
5 | Viét-Bing »8, Lé-Lyri Saigon SAIGON
6 | Song-M3 372, Phan-dinh-Phing SAIGON
7 | Thé-Giéi 117, Triéu-Quang-Phyc | CHO-LO'N
8 | Hing-Nga 6, Nguyén-Dinh-Chien LONG-AN
g | Phuong Linh | 44 Ham-Nghi KIEN-GIANG
10 | Vin-Nhiéu 34, Ngi-Quyén PHONG-DINH
11 | Minh-Tri 32, Phan-Thanh-Gidin VINH-LONG
12 | Gioan 23 7-B, Hing-Virong DINH-TUONG
12 | Thank-Tim 635, Nguyér-vda-Think VINH -BINH
14 | Tang-Son 16, Trin-Hueng-Bao QU:‘TLNG-TH;
15 | Nam-Ngai 7504, Quang-Trung QUANG-NGAI
16 | Sanh-Hung 250, Phan-Chau-Trinh QUANG—TI{N
17 | Quang-Thuin ror-103, Thong-INhdt PHAN-RANG
18 | Van-Kim 278, Trian-Heng-Bao TUY-HOA(P.Yén)
19 | Nam-Phuwong | 162 Quic I r (Thi-xa) | CAM-RANH
20 | Van-Héa 38 B, Phan-bbi-Chdu DARLAC
21 | Khai-Minh 19, Ham-Nghi DA-LAT
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TEN DAL-LY PIA CHI
Tuyén-Dirc 7, Hbva-Binh
Kinh-Db 74, Trdn.hung-Dao
Xuin-Thu 37, Cdch-Mang
Ngu6n-Song qolr, Tiah [ s5 10
Minh-Phat 25/3, Quan-Am-Céc
Khai-Tri 7, Bii-ngwon-Ngai
Vin-Hoc | g5, Nguyén-Du
An-Léc /%, Tran-hwng-Bao
Doéng-Hoa 208, Ngb-Quyén
Thién-Tir 18, Nguyen.thi-Giang
Minh-Quang 103, Trwng-Nbi
Thdi-Ngoc 54/3, Lé-Lei
Minh-Bic 16, Tring-Trdc
| Pham-t,-Vién | 6/2, Nguyén-dinh-Chiéu
Thanh-Quang | 10, Trawng-vink-Ky
Kim-Vin 4o, Di-cong-Trirng
Hoa-Quang 90, Hai-Ba-Truwng
Yén-Phu'ong r5, Pham-hong-Thai
Tri-Tan 12, Trinh-tan-Truyén
Nam-Phuong 23, Quan-Am-Cic
Nam-Cuong ¢8, Thing-Nhat
Vinh-an-Thanh| 42, Phan-bji-Chdu
Thuin-Hoa 185, Nguyén-dinh-Chiéu
Vin-Canh 3 F, Hung-Vwong (T-N)
Cinh-Phwong |' 19, Tw-Dirc
Hong-Din | 254, Khong-Tu
Hiru-Chi 10 B, Pham-hiru-Chi
113, Nguyén-thdi-Hoc

Lira-Hong

r—-—-——-—-—-—-—-—-—-——-—-——-
TINH
| PA-LAT
PHU-BON
| LAM-DONG
HAU-NGHIA
TAY-NINH
BINH-DUO'NG
LONG-KHANH
BINH-LONG
BINH-TUY
BIEN-HOA
VONG-TAU
GO-CONG
AN-XUYEN
- KIEN-HOA
!’ BAC-LIEU
KIEN-PHONG
BA-XUYEN
AN-GIANG
PHONG-DINH
TAY-NINH
LONG-AN
NHA-TRANG
. KIEN-HOA
GIA-PINH
 BINH-THUAN
| SAIGON
PHUOC-TUY
HOI-AN

-

cuUGC CHU : Xin quy djc gid mua Ié lién-lac voi céc dai-ly.
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