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NGAY 27 THANG 7 NAM 2021

Trong bai ndy ta xét chuyén dong clia hai vat dudi luc tuong tac clia chinh hai vat d6. Bai toan
nay c6 vai tro quan trong vé 1y thuyét. Ta sé nghién cttu cac quy luat chuyén déng cia hai vat, tim
phuong trinh chuyén dong cta hai vat, nghién citu tdc dung clia trudng xuyén tdm ma cu thé 1a
luc hap dan.

Xét bai todn gom hai vt khoi lugng M va m, M ddng yén, vt m chuyén déng xung quanh M.
Xét trong hé toa do cuc va chon M lam cuc O.

1 Luc hap din

14 N N V4 H
M tac dung lén m mot luc hut Fj,
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2 Momen dong lugng L
%
L =7 xmv =mre, x (r'e; + Tgola;) = mrJ'er.

Momen luc tac dung lén m:

— — GM
M=7 xFpy=—t@x7)=10.
r
%
;s : , A dL = = A >
Do do, ap dung dinh ly momen dong luong T M = 0 suy ra momen dong luong dudc bao
toan
_> >
L = mr2g0’e_z> = const.

3 Thé ning hap dan

Thé ning luc hip din dudc tinh béi:
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4 Dong nang K

mv?:  m mr'? L?
K — — 12 12 — .
o ) =t s
5 Cd nang
2 L? GM
E=K+U="""1 Bl
2 2mr? r
- L2 GMm \ /,\ - LAY N . /,\ \ I, e N N
bat U, = 3 la thé nang hiéu dung. Trong hé quy chiéu quay cung vai vat, ta khong
mr r

L2

5 ma thay vao d6 1a thé ning quan tinh. Do dé, ta c6 thé viét:
mr

thay dudc dong ning quay

E =K+ Upy.

6 Vector bat bién Runge - Lenz

Phuong trinh dinh luat II Newton cho hat la:

— dv GM
mﬁthdim—:— m(ﬁ
dt r2

®
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A ~ / e A re A 1A T
Nhén hitu huéng hai vé véi vector bat bién L = Le, = mr¢'e;, ta dudc:

dv GM
mﬁxf:— szmrgp (ef x €7).
_>
Do b = 0 nén
dt -
v = dr de;
d—xLJr?xE—GMmgpe@ m
= GMm—
dt dt
%
GMm dt dt
1 —
d (7 X L) — e_ﬁ
. ‘G IR G
dt dt
vOi Z = GT (7 X L) — &/ = const goi 14 vector bét bién Runge - Lenz, ludn khong déi trong
m

qua trinh vat chuyén ddng, dudc xac dinh tit cac diéu kién ban dau.

Vay khi hat chuyén dong trong trudn xuy_é)n tAm ludn co 2 vector bat bién: vector momen dong
luong L va vector Runge -Lenz A, A 1 L.
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Pit k = GMm, ta phn tich cac thanh phén cta A nhu sau:

1
A= +roe)x LT — &
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e () ()
L2 212
:ﬁ(TIQ_’_TQSOQ) . kmr_|_1
L* , 2L7 .
= —1 —
k2 kmr
B 2L% (mv?  k 1
 mk? 2 r
212
2172



TAP CHI VA TU LIEU VAT LY
7 Phuong trinh quy dao ctia vt trong trudng hap dan

Nhan vo huéng A. 7, ta thu dudc

L2
Arcosp = (— — 1) r

mrk
L2
mk
= pr=—""
"= Acos w+1
Vay quy dao cua hat 1a mot duong Conic:
- P
r =
ecosp + 1
Vi
( L2 b ; d
= — : Thong s6 quy dao
) P= g SO quy de
217 n ..
e=A=1—=FE+1 :Tam sai quy dao
\ mk?

8 Tam sai va quy dao chuyén dong

(Cong thiic Binet)

Co ning clia hé chuyén déng trong trudng xuyén tim: F = K + U bao gébm thanh phan ddng ning

2

K = % dat trung cho quan tinh vang (dé’y) ra xa tam, va thanh phén thé nang U = —

®

GMm

r
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dat trung cho stic hut vao tam.

O e > 1« E > 0: stic hit nhd hon stic ddy, nén hanh tinh khong bi bat gitt, nén chuyén dong
han ra xa theo qu§ dao hyperbol.

O e =1 < E = 0: sttc htit bang sttc d4y, nén hanh tinh khéng bi bat gift, c6 thé chuyén déng ra
xa theo quy dao parabol.

@
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2

e < E < 0: sttc hiit 16n hon stic ddy, nén hanh tinh bj bat gilt chuyén dong
khong ra xa dudc, do vay quy dao elipse.

Ol0l<ex<x 1l

_ 2

k= S I : D e A 2 2
Oe=0& F = 2722 : stc hut 16n hon stc day, nén hanh tinh bi bat git, khong thé chuyén

dong ra xa, do vay quy dao tron.

Chidu ctia A dudc xac dinh nhu sau:

Vi khi m di qua can diém C, r = rym, {90, 0 nén
T =

( Z—( L 1) GP A—Gj
: “\mkr ) GP "GP
Z:(WL—1>6—>;»< i
k : L
. _ _mk
\{rmln A—|—1

9 Cac quy dao chuyén dong

9.1 Quy dao Hyperbol
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Khi ¢ > 1 titc nang luong £ > 0 thi quy dao cua hat 1a mét nhanh
hyperbol bao 14y tdm luc G. Hyperbol ( bat ngudn ti tiéng Hy Lap,
nghia den la “vudt qua” hay “thai qua”) la duong khong khép kin,
c6 hai tiéu diém va hai dudng tiém can. Phuong trinh cia hyperbol
trong hé toa do Descartes:

2 2 2 2
U i
a b2 b2 a?

9.2 Quy dao parabol

Khi e = 1, ning luong E = 0, quy dao chuyén dong 1a mot nhanh
parabol, 1a m6t dutng cong khéng khép kin. Quy dao cua vit mang
hinh dang parabol 13 mot trudng hop dic biét va rat hiém gip trong
tw nhién. Qu§ dao mang hinh dang hyperbol hay elipse thi phé bién
hon. Trong thuc té, qu§ dao hinh parabol 1a dang chuyén tiép giita
hai dang qui dao nay. Vat thé di chuyén theo quy dao parabol sé
chuyén ddng tai dting toc d6 t6i han d€ thoat khéi vat thé ma né
dang quay quanh, toc do t6i han clia parabol thi nhanh hon so véi
hinh elipse va cham hon so v6i hyperbol.

©)
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9.3 Quy dao elipse

Khi 0 < e < 1, nang luong E < 0 thi quy dao cua hat 1a mot
elipse. Elipse 12 mot dudng cong khép kin. Quy dao ctia moi
hanh tinh trong hé Mit Trdi gan giéng mét hinh elipse véi )
Mit Troi 1a mot tiéu diém (chinh x4c, tiéu diém 13 tAm ti cu ¢

cua cap Mat Troi — hanh tinh). Quy dao cua mat trang xoay
quanh hanh tinh va tat ca ca hé hai thién thé khac déu nhu
thé. Hinh dang cta cac hanh tinh va sao thudng dude mé ta —-
bang hinh ellipsoid. o e

tiéu cu |

ban tiéu cu

ban
truc
bé

9.4 Quy dao tron

k‘2 k \ ~ /\9 N \ N \ \ 7 7 7
Khi e = 0, nang luong £ = M Pk quy dao chuyén dong la mot duong tron khép kin ban
r

, 212
kinh r.

Trong trudng hop ca hai vat cling chuyén déng duéi tac dung ctia cip luc hdp dan truc doi. Ti
két qua clia bai toan hai hat, ta c6 thé don gian héa chuyén déng tucng d6i ctia hai vat khoi
lugng m va M nhu la chuyén do6 ctia mot hat do khoi ludgng 4 quanh khoi tdm c6 dinh G cﬁa(
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hai vat voi:
mM
m+ M
Lic nay, ta c6 thé thay thé khoi luong m trong cic phuong trinh trén bang o dé suy ra dudng
truong hop tong quat khi ca hai vat cling chuyén dong.

ILL:

Nhan xét. Ta c6 thé md rong bai toan cho trudng hap din nay thanh mot bai toan Kepler.
Mot chuyén dong goi 1a chuyén doéng Kepler khi né dudc thuc hién dudi tac dung luc xuyén

tdm co cudng d6 luc bién thién ti 1é nghich v6i binh phuong khoang cach ‘?| ~ —2, vOi tam
r

luc cb dinh.

Bai toan Kepler c6 mot y nghia rat 16n vé mat ly thuyét, boi né lién quan dén mot loat cac bai

toan vat 1y ti vi m6 dén vi mé, tuong tac hat téi - hat bia, tuong tac hanh tinh - vé tinh, chuyén

ddng ctia cac sao doi... Ngoai ra, ta con hay stt dung su tuong tu dién - cd, quang - cd dé giai

cac bai toan phtic tap ma luc c¢6 dang cua bai toan Kepler. i
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