CHUNG MINH CONG THUC DAO DONG TAT DAN

NGO MINH NGOC

TAP CHI VA Tu LIEU VAT Ly

C6 1é cac ban hoc sinh 16p 12 déu di qua quen thudc v6i phuong trinh dao déng diéu hoa
r = Acos(w.t + )

clia con lac don trong mdi trudng chan khoéng (bd qua luc cdn mdi trudng). Tuy nhién, trong thuc
té, con lac ndo ciing dao déng trong cac mdi trudng nhu khong khi, nude, dau,... Vi thé ngudi ta
coi moi trudng ciing thude vé hé dao dong. Khi kéo con 1ic ra khoi vi tri cAn bang rdi tha tu do, ta
thy bién do dao dong clia né gidm dan dén khong.

Dao dong c6 bién dd gidm dan theo thdi gian goi 1a dao dong tat dan. Trong thuc té, moi dao
dong tu do déu la dao dong tat dan véi tan so riéng khong chi phu thudc vao do ciing k va khoi
lugng m ctia con lac ma con phu thudc vao dé nhét ciia moi trudng.



Trong bai nay ta chi xét dén dao déng tit dan do chiu su tac déng cta luc ma sat nhét.
Eo= b0

Theo dinh luat II Newton ta co:
mx = —kx + F,

hay
mi = —kxr — bx
Suy ra:
i+£$+£m=0 (1)
m - m

Gid stt (1) c6 mét nghiém riéng 13 = = e (do da phan cic phuong trinh vi phan thuin nhét déu
c6 nghiém riéng dang = = e*'). Thay vao (1) ta dudc:
b k b k
<A2+—A+—>e”_0:>()\2+—A+—)_0 (2)

m m m m
| k b . ,
bat wy = 4/ —; v = — thi (2) co dang:
m 2m
MEA+wi=0 3)

Pay 1a moét phuong trinh bac 2 véi A’ = 4% — w?. Gi6 cbng viéc ta can lam dé chinh 13 xét dau
clia A’ r6i nghiém thu két qua. Ta c6é moét luu v trude khi tinh toan dé 1a: nghiém téng quat clia
phuong trinh vi phan 13 t6 hop tuyén tinh ctia cac nghiém riéng.
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Truong hgp 1. A’ > 0 hay +* > wj, suy ra

)\1:—7+\/72—w(2)ER:>>\2:—7—\/72—w8ER

Nhu viy nghiém chung cua (1) c6 dang:

¢ = Axq + By = AeM! + BeM! (4)
V6i A, B 14 nhitng hing sb xac dinh tu diéu kién bién.
Phuong trinh (4) cho két qua la vat khong dao dong

Truong hop 2. A’ = 0 hay +* = w3, suy ra
)\1 = )\2 = -7
Suy ra (1) c6 nghiém riéng x; = e~ ",
Nghiém riéng tha hai c¢6 dang x5, = x1.u(t) + C.
Thay 2, vao (1) va chon diéu kién thich hop ta dudc: u(t) =t va xy = ta;.
Vay nghiém tong quat ctia (1) 1a

r=(D+ Et).e

V6i D, E 13 hé sb xac dinh tu diéu kién bién.



Truong hgp 3. A’ < 0 hay +* < w, ta cd

A= —1(wj — %) = i*(wg — 7°)

= A\ =—v+/V—wii=a+ [
= M=—7—1\/P-wli=a—03i

Vay phuong trinh (1) cé nghiém tong quat la:

r = AeM! + Be?!
_ ppla+Bit . gola—pit
— Ae®eiBt 4 Beote—iBt
= e ((A+ B)cos Bt + (iA — iB) sin 3t)
= e (A} cos Bt + Agsin Bt)

Ay Ay . Ay
tanp = —— = cosp = = sinp = —

A A? + AZ VAZ+ A3

Tt () suy ra

()



x = e"\/A? + A2 cos(Bt + )

= 1 = e " Acos(wt + )

I, o A
V6i ¢y = arctan - va A = /A3 + As.
2
Ta thay phan a(t) = Ae 7" 1a bién d6 cua dao dong, bién d6 nay giam dan theo
thoi gian theo ham e mi.

VAy phuong trinh vat dao dong tiat dan do ma sat nhét c6 dang
x = e " Acos(wt + ) (5)

da dugdc chiing minh!
Tt phuong trinh (5) ta ¢6 thé c6 thém mot vai diéu luu y sau:

e Chu ki cua dao dong la

2 2
7" _ m
w W(%_’YQ

e Dai luong dic trung cho mtc dd gidm nhanh hay chim cta dao ddng tit dan 14 "Ludng gidm
loga":
a(t) Ae™
= 11 =In——
a(t+T Ae—(t4T)
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=Ilne" =~T = const




e Khi d6 nhét clia méi trudng bang 0 (tic 1a b = 0) thi ta thay v = 0 va do d6 phuong trinh (5)
lai tré vé dang:
x = A cos(wyt + o)

13 dang ctia phuong trinh dao ddng diéu hoa quen thudc!



