Cau héi ly thuyét - T2

Trang 1 cua 4
Sw din né vii tru (Tong s6: 20)

Thuec té n6i bat nhét trong vii tru hoc 13 vii tru caa chiing toi dang ma rong. Khong gian dugc lién
tuc tao ra nhu 1a sai 1éch thoi gian. Viéc mo rong khdng gian chi ra rang, khi vii tru mo rong,
khoang céch giira cac d6i tuong trong vil tru cua chiing ta cling duoc mé rong. D6 1 thuan loi dé
sir dung "comoving" phdi hop hé thdng # = (x, y, z) nhin diém trong vil tru md rong cua ching
toi, trong d6 phdi hop khoang cach Ar = |75 — 77| = /(xz — x1)% + (¥ — ¥1)% + (22 — 71)?
giita cac dbi tuong 1 va 2 khong thay doi. (O day chiing ta gia sir khdng c6 chuyén dong dic biét,
ttc 1a khdng ¢ chuyén dong bo sung cia cac ddi twong khac véi chuyén dong sau khi ma rong
ctia vii try.) Tinh hinh duoc minh hoa trong hinh bén dudi (con sé ¢ hai chiéu khong gian,
nhung vii tru cua chlng ta thuc sy ¢ ba khéng gian chiéu).

m& rong khong gian

| I N TN N N NN N S —— ) L 1 1 1 1 1 1 1 L 1 1 )

0L 2 ... X 0 | 2 X

Céc ly thuyét hién dai vé vii tru duoc xay dung trén thuyét twong ddi tong quét cua Einstein. Tuy
nhién, theo céc gia dinh thich hop, mot su hiéu biét don gian hoa trong khudn khé cua ly thuyét
hdp dan cua Newton ciing 1a co thé. Trong nhitng cau hoi sau ddy, ching ta s& lam viéc trong
khuén khé caa e hip dan cua Newton.

bé do khoang céch vat ly, mot "yéu td quy mo" mét a(t) dugc gidi thiéu nhu 1a khoang cach vat
Iy Arp giita cac diém comoving 75 VA 7, Ia:

Sy mo rong cua vil tru ngu Y rang a(t) 1a mot ham ngay cang tang theo thoi gian.

Trén quy mé I6n - quy md I6n hon nhiéu so véi cac thién ha va cac cum cua ho - vii tru ciia ching
t6i la khoang ddng nhat va dang hudng. Vi vay, chiing ta hdy xem xét mot mé hinh d6 choi cua
vil try, trong d6 chira ddy cac hat phan bé déu. Hién c6 rat nhiéu hat, nhu vay ma ching ta mo
hinh chiung nhu 13 mét chat long lién tyc. Hon nita, ching t6i gia dinh sb lwgng cac hat 1a
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bao toan.

Hién nay, vil tru ctia ching chu yéu 1a van dé phi twong ddi, c6 dong ning 1a khong dang ké so
v6i nang luong khdi lwong ctia nd. Hiy pm(t) 1a mat do nang lwong vat Iy (tic 13 ning luong
don vi khdi luong co thé, trong d6 chu yéu 1a ning luong khdi luong cho vat chat phi tuong dbi
tinh va ning hap dan khong dugc tinh 1a mot phan ciia "mat do nang lwong vat 1y") cia phi
twong d6i van dé tai thoi diém t. Chung toi str dung to dé biéu thi thoi diém hién tai.

| A | Ratracic ham cua pm (t) tai thoi diém t trong di€u khoan cua mot (t), a (to) va chi€u (to). | 2 diém

Bén canh van dé phi tuong ddi, do cling la mdt lwgng nhé phdng xa trong vii try hién tai cuia
chung t61, dugc 1am tur cac hat khong co khdi lugng, vidy, cac photon. Cac budc song vat chét
ctia cac hat khong c6 khdi luong ting 1én cung véi viée mé rong vil tru nhu 1a ham sé Ypa a(t).
Hay dé cho mat do ning lugng vat chat ciia buc xa dugce pr (t).

B Lay duoc mat do nang lugng Vvét ly cho pr buc xa (t) tai thoi diém t trong diéu khoan caa mot | 2 diém
(t), a (t0) va Pr (dé).

Hay xem xét mot khi photon khong tuong tac trong d6 c6 phan phdi can bang nhiét. Trong tinh
hudng nay, nhiét do ctia photon phu thudc vao thoi gian nhu T(t) a [a(t)].Y

C | Tinh gi4 tri bing sb cua y. 2 diém

Hay xem xét nhiét dong ciia mot loai khong twong tac hat X. Luu ¥ rang viéc mé rong khdng
gian di chdm va nhiét ¢6 1ap nhu vay ma dit liéu ngau nhién cta X 13 mot hing sé trong thoi
gian. Hay dé cho mat d6 ning luong vat chét cia X 1a p, (t), trong d6 bao gdm ning luong va
ning luong ndi bd. Hay dé ap luc vat Iy duoc p,(t).

| D [Rutra dp, (t)/dt véa(t), da(t)/dt,px(t),and p,(t). | 4 diém
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Hiy xem xét mot ngdi sao S. Pong thoi to hién nay, cac ngdi sao dang & khoang cach vat 1y
ro= a (o) r xa chung ta, trong do r 1a khoang cach ddng chuyén dong. O day ching ta bo qua
nhitng chuyén dong dic biét, vi du gia dinh rang ca hai ngdi sao va chiing ta chi can lam theo
sy mo rong cua vii try ma khong chuyén dong bd sung.

Ngoi sao nay phat ra ning luong dudi dang anh sang ¢ dién P, ma 1a dang
hudng 6 moi hudng. Ching t6i sir dung mot kinh thién vin dé quan sat anh sang
sao ctia n6. Pé don gian, gia sir kinh thién vin c6 thé quan sat tat ca cac tan sb
cta anh sang véi hiéu suit 100%. Hay dé cac khu vuc cua dng kinh kinh thién
van duoc A.

Rut ra nang lugng nhan dugc cua cac kinh thién van P; tir ng6i sao S, nhu mot ham cuaar, A,
E | Pe Cac yeéu to quy mo a(te) cua anh sang sao phat xa te, va hié¢n tai (vi du tai cac quan sat thoi | 4 gidm
gian) yeu to quy mé mot (to).

Néu khong co Iuc hip dan, tbc d6 mé rong cta vii tru phai 1a mot hang sb. Trong khuon khod
ctia Newton, diéu ndy c6 thé duoc hiéu nhu rang, khong co luc lwong, vin dé chi can di
chuyén ra xa nhau véi tbc d6 khong ddi va do d6 da(t)/dt 1a mot hang sb tuy thudc vao cac
diéu kién ban dau.

Bay gio chiing ta xem xét cach thirc hip dan ctia Newton anh huong dén cac yéu to quy md
a(t), trong mot vii tru day chat phi twong ddi mot cach ddng nhat va dang hudng.

-

Nhu minh hoa trong hinh trén, ching ta hay gia C la trung tam cua vii tru cua chung ta (gid
dinh nay co thé dugc loai bo trong thuyét twong dbi tong quat ciia Einstein, d6 1a vuot ra
ngoai pham vi clia cau héi nay). Chung toi cat vét chat thanh vé mong xung quanh C. Chiing
ta hily tap trung vao mdt 16p vo mong (hinh cau trong hinh trén) c6 comoving khoang cach tir
trung tam Ia r (nhé lai rang khoang cach déng chuyén dong nay 1a mot hing sé trong thoi
gian).




Str dung cac chuyén dong cta vo dé tim thdy mot mdi quan hé gitra da(t)/dt, a (t) va mat do cual
F Ining lugng khéi luong p(t). (Trong mbi quan hé cudi cing, néu ban gip phai mot hing sb tuy, 5 diém
thudc vao cac diéu kién ban dau, no co thé duge luu gitt nhu 1a n6 dugc.)

G [Pua trén md hinh mo ta trong phan (F), 1a su m& rong cua vii tru (a) ting toc hodc (b) giam tdc? 1 diém
Chon lya (a) hoac (b).

Dé biét thong tin cua ban, vao nam 1998, mdt loai méi cua thanh phﬁn nang lugng cua vii tru dugc
phat hién. N6 thuc sy thay doi cac két luan trong Phan (G).






