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Chuong 1

Nhap moén dao dong

1.1 Khai niém Dao dong

1.1.1 Dinh nghia dao dong

Sy chuyén dong ctia con lic dong hd, cai du dung dua, tim dap, con chim bay lam rung dong
canh cay,... déu khong ngiing chuyén dong qua lai quanh mot vi tri nao dé. Loai chuyén dong nay
goi 1a dao dong.

Nhu vay dao dong duge dinh nghia 1a sy lip di 1ap lai nhiéu lan mot trang thai clia mot vat nao
d6 quanh vi tri nao d6. Néu c¢6 nhiéu vat dao dong (dong thoi tuong tac véi nhau) thi ta goi do la
hé dao dong.

Qué trinh dao dong dugc dic trung bang sy ting hay gidm mot cach luan phién clia cac dai
lugng toa do, van tbe, gia tdc,... theo thai gian. Ngusi ta sit dung cac phuong trinh toan hoc dé mo
ta cac dai lugng nay va goi do 1a cac phuong trinh chuyén dong.

1.1.2 Phan loai dao dong
1.1.2.1 Dao dong tuan hoan — Dao dong diéu hoa

Dao dong tuan hoan 1a dao dong ma trang thai ctia vat duge lap lai nhu cii, theo huéng cii sau
nhitng khodng thoi gian bang nhau xac dinh. Gia st ham s(#) mo ta qua trinh dao dong. Néu ton
tai gid tri T' > 0 sao cho

s(t)=s(T+1t)=s(2T +t) =...=s(nT + 1), (1.1)

thi dao dong d6 duge goi 1a tuan hoan va c6 chu ki 7T

Ngudi ta phan biet thanh cac dao dong c6 chu ki khong ddi, dao dong c6 chu ki bién doéi va dao
dong khong c6 chu ki (dao dong ngau nhién).

Mot dang dic biet ciia dao dong tuan hoan chiém vi tri quan trong trong thuc té 1a dao dong
diéu hoa, nghia la cac dai lugng bién déi tuan theo quy luat hinh sin

s(t) ~ sin(t). (1.2)
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2 Nhap mén dao doéng

1.1.2.2 Dao dong tu do — Dao dong tat dan - Dao dong cudng biic

Dao dong tu do la dao dong ma chu ky dao dong ctia vat chi phu thudc vao cac dic tinh cia he.
Ning luong ctia hé duge bao toan.

Dao dong tat dan 1a dao dong c6 bien do gidm dan theo thoi gian. Dao dong nay xay ra khi
c6 ma sat hodc Ife can clia moi trudng. Ma sat cang 16n thi dao dong tat dan cang nhanh. Nang
lugng clia vat gidm theo sy tat dan.

Dao dong cudng bitc 13 dao dong ma vat chiu tdc dung ctia mot ngoai lyc khién né dao dong
theo xu huéng ciia ngoai lyc. Thong thuong hyc cudng bitc khién vat dao dong c6 bién do 16n hon
lic khong ¢6 lye tac dong, nén ning lugng cia hé sé tiang 1én.

1.1.2.3 Dao dong tuyén tinh — dao dong phi tuyén

Dao dong trong dé cac phuong trinh mo ta chuyén dong la phuong trinh vi phan tuyén tinh thi
duge goi 1a dao dong tuyén tinh. Néu phuong trinh chuyén dong la phuong trinh vi phan phi tuyén
thi dude goi 1a dao dong phi tuyén.

1.1.3 Dac trung dao dong

Cac dac trung sau day dude dinh nghia rieng cho dao dong diéu hoa, nhung van c6 thé si dung
chiing véi mot y nghia tuong déi trong truong hgp dao dong khong phai diéu hoa.

1.1.3.1 Bién do - Van tdc géc - Pha ban dau
Phuong trinh chuyén dong ctia mot vat dao dong diéu hoa thuong duge viét dudi dang
s(t) = Asin(wt + ¢), (1.3)

trong d6 s(t) 1a toa do dao dong ctia vat tinh tir vi tri can bang ctia n6 (chon lam goc toa do), A
la bien do dao dong, ting v6i do lech 16n nhat clia vat so véi vi tri can bang,(wt + ¢) 1a pha dao
dong tai thoi diém ¢, w 1 tan s6 géc, ¢ 1a pha ban dau ciia dao dong.

Thit nguyén ctia s va A 1a [Chiéu dai], don vi thuong dung 1a m; thi nguyen ctia w 1a [Thoi gian] 71,
don vi thuong dung 1a rad/s; ¢ khong c6 thit nguyén, don vi thudng dung 1a rad.

Vi du 1.1. Mot vat dao dong diéu hoa c6 toa do z duge mo ta bdi phuong trinh
x(t) = bsin(nt + w/2) em. (1.4)

Bién do clia dao dong la A = 5¢m nghia 1a doan dudng vat di chuyén xa trung tam
nhat 1a 5em.

Pha ban dau la ¢ = 7/2, nghia la ban dau toa do ctia vat la x(0) = 5sin(r/2) = 5cm,
vat xa trung tam nhat vé phia duong ctia quy dao.

Van téc géc 1a w = 7, nghia 1a sau 1s, vat da di chuyén duge mot nita chu trinh dao
dong (mot chu trinh tuong tng véi 27).
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1.2 Phuong trinh chuyén dong ctia hé dao dong 3

1.1.3.2 Chu ki - Tan sb

Chu ki T la thoi gian vat thyc hién 1 vong dao dong. Tan s6 f 1a s6 lan dao dong thiyc hién
dugc trong mot don vi thsi gian. Quan hé giita Chu ki va tan s6 dugc biéu dién béi

(1.5)

1
/=

Thit nguyén ctia T' 1a [Thoi gian], don vi thuong dung 1a s; thi nguyén cta f 1a [Thoi gian]
don vi thuong dung la Hz.

Vi du 1.2. Cho mot vat dao dong dieu hoa c6 chu ki T' va tan s6 f.
Néu vat dao dong diéu hoa c6 chu ki T' = 2s, nghia 13 né thyc hién 1 vong dao dong
hét 2s, vay trong 1s né thyc hién duge nita vong dao dong f = 0.5.
Néu vat dao dong diéu hoa c6 chu ki T = 0.2s, nghia 14 n6 thic hién 1 vong dao dong
hét 0.2s, vay trong 1s né thyc hién duge 5 vong dao dong f = 5.

1.2 Phuong trinh chuyén dong ctia hé dao dong

1.2.1 Phuong trinh chuyén dong

Phuong trinh chuyén dong la cac phuong trinh mo ta chuyén dong ctia co hé nhu mot ham sé
theo thoi gian.

1.2.1.1 Quan hé giita toa d6 — van téc — gia toc

Vé mit vat 1y, toa do, van tbc, gia toéc 1a nhitng dai luong dic trung cho chuyén dong ciia vat
thé. Toa do cho biét vi tri trong khong gian ctia vat. Van téc cho biét sut thay ddi toa do sé dién ra
nhanh hay cham. Gia t6c cho biét su thay doéi clia van tdc sé thay déi nhu thé ndo. Cac dai lugng
nay dugc ki hiéu nhu sau

Toa do 7 (z,y), Van tbe ¥ (vs, vy), Gia toc @ (az, ay). (1.6)

Thit nguyéen clia toa do la [Chiéu dai]; thit nguyen ciia van toéc 1a [Chiéu dai)[Thoi gian]_l; thu
nguyén cta van toc 1a [Chiéu dai][Thoi gian] ~.

Vé miit toan hoc, toa do, van toc, gia toc 1a nhitng ham sd phu thuoc bién thoi gian. Trong do6
van toc 1a dao ham cap mot clia toa do va gia toc 1a dao ham cap hai ciia toa do. Tir d6 ta co cac
phuong trinh quan hé gitta céc dic trung ctia chuyén dong:

Quan hé thé hién bing phuong trinh vi phan

v(t)—d—x—a'c a(t)—(ﬂ—x—jv'—v'
T - 5_ 9 T _élf;_ - YI (1‘7)
Uy(t):E:yv ay(t):@:y:vy
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4 Nhap mén dao doéng

Quan hé thé hién bing phuong trinh tich phan

t
vz (t) = vz +/ a,(T)dr, x(t) = xo + vogt +/ / T)drdr,
t
4
vy (t) = voy +/ ay(T)dr, y(t) = yo + voyt +/ / T)dTdT,
to

to

(1.8)

trong d6 (voz, voy) va (z0,%0) la van téc va toa do tai thoi diém bat dau chuyén dong, to va ¢ 1a
thoi diém bit dau va thoi diém dang khao sat. Ching ta thuong chon thdi diém bit dau chuyén
dong la tg = 0.

Vidu 1.3.

a) Cho gia t6c ctia mot vat dang chuyén dong théng 1a a = 2t m/s~2. Tim cong thiic
toa do va van toc ctia n6 theo thai gian ¢ biét van toc ban dau 1a vg = 2 m/s va toa do ban dau la
s9 = 0 m. Tinh van tdc va toa do tai t =5 s.

b) Mot vat dang chuyén dong véi toa do duge bicu dién bdi s = 2t + ¢! m. Tim cong
thitc van toc va gia téc. Tinh van téc va gia toc tai t = 3 s.

1.2.1.2 Quan hé giia chuyén dong dai va chuyén dong quay

Néu mot diém chuyén dong tron quay quanh tam O véi ban kinh r thi ching ta c6 thé sit dung
gbéc quay , van tdc goc w va gia tdc géc € nhu 1a nhitng diic trung ciia chuyén dong. Khi dé6 quan
hé giita chuyén dong dai va chuyén dong quay dugc thé hien nhu sau

s(t) = ro(t), v(t) = rw(t), a(t) = re(t). (1.9)

Toa do dai s va toa do goc ¢ duge goi chung 1a toa do suy rong thuong duge ki hiéu bdéi gq. Cac
toa do dugc st dung trong phuong phép ning lugng dé tim phuong trinh vi phan chuyén dong clia
c6 hé gom nhiéu bac tu do.

Toa do goéc khong c6 thit nguyen, don vi thuong dung 1a 13 rad. Thit nguyén ciia van toéc goc 1a
[Thoi gian]_Q, don vi thuong dung 1a 1a rad/s. Thit nguyén clia gia téc goc 1a [Thoi gian]_Q, don
vi thuong dung 1a 1 rad/s?.

1.2.1.3 Quan hé giia lyc va chuyén dong

Theo dinh luat II Newton, gia téc ciia mot vat cing huéng véi luc tac dung lén vat. Do 16n clia
gia toc ti 1é thuan véi do 16n clia lye va ti 1é nghich v6i khoi lugng clia vat.

F=md, (1.10)

trong do6 ? 13 hgp e tac dung len vat. Phuong trinh trén con dude goi 1 phuong trinh can bing
luc ctia co he. )
Thtt nguyén ctia Iyc 1a [Khéi lugng][Chiéu dai][Thaoi gian] ~, don vi thuong dung la la N.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

1.2 Phuong trinh chuyén dong ctia hé dao dong 5

Trong chuyén dong quay, phuong trinh (1.11]) dugc viét lai nhu sau
M(F)y=1? (1.11)

trong d6 M (?) 14 moment ctia lyc ?, I 13 moment quén tinh (dai lugng dic trung cho quéan tinh
trong chuyén dong quay) va € la gia toc goc clia vat.
Thit nguyen ciia moment lyc 1a [Khéi lugng][Chidu dai]’[Thai gian] ~, don vi thuong ding la
Nm. Thtt nguyén ctia moment quan tinh 1a [Khéi lugng][Chiéu dai}Q, don vi chuan diung la kgm?.
Mot s6 lc pho bién trong doi séng ciing nhu khoa hoc ki thuat:
Trong lyc P: xuét hien khi vat thé duge dat trong truong trong luc.

P=myg (1.12)

v6i g 1a gia toc trong truong. Trong huc Pw gia t6¢ trong truong ¢ luon huéng vé tam trai dat.
Lyc dan hoi 1o xo F'gp,: xuat hién khi 10 xo bi lam bién dang (kéo gian hodc nén nho)

Fap= k7 (1.13)

v6i k 1a do cing 1o xo va 7 1a do dai bién dang clia 1o xo. Huéng ctia luc dan hdi Fdh va huéng
clia 7 nguge chidu nhau.

Lyc can ctia moi trudng ?C: xuat hién khi vat chuyén dong trong méi trudng

Fo= —,ZW (1.14)
véi a, B 1a cac he s6 can va U 1a van téc clia vat. Hudng ciia luc can ?c va huéng ctia van toc o
ngude chidu nhau.

Phan luc clia mat tiép xic N xuét hién khi c6 sy tiép xiic gitta vat vi bé mat vat chat. Phan
lyc duge tinh dya vao so do phan tich Iite. Huéng ctia phan Iyc N thuong vudng goc véi bé mit
tiép xtc.

Litc ma sat truct cia mit tiép xic ?ms: xuat hién khi c6 sy trugt gitta vat doéi véi bé mat
vat chat. Luc ma sat duge tinh bdi

|v]
v6i 1 13 hé s6 ma sat truct va N la phan lyc clia mat tiép xic tac dong lén vat. Huéng ciia lyc ma
sat F s va hudng ctia van téc o nguge chiéu nhau.

Vi du 1.4. Vat A c6 khéi lugng m dang trugt trén mit phang nghiéng géc a so véi mit dat.
Vat duge gin vao tudng C bang 16 xo c6 do ciing 1a k. Biét hé s6 ma sat ctia mit phang nghiéng
13 p va Ie can ti 1é v6i v 1an van toc clia vat
Hay xéc dinh cac lyc tac dung lén vat va phuong huéng ctia ching.

Vi du 1.5. Con lic elip gom con chay khéi lugng m; trugt khong ma sat trén mat phang nim
ngang va qua cau nhé khéi lugng mso néi v6i con chay bing thanh AB = [. Thanh c6 thé quay
quanh truc A gén lién véi con chay va vuong géc v6i mit phing hinh veé.

Hay xéc dinh cac luc tac dung lén vat va phuong huéng ctia chiung.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

6 Nhap moén dao dong

1.2.1.4 Quan hé gitta Céng va nang lugng

Cong co hoc 1 mot dai lugng vo hudng c¢6 thé mo ta nhu 1a tich ciia lyc nhan véi quang dudng
dich chuyén ma né gay ra, va né duge goi la cong ciia Iyc. Chi c6 thanh phan ctia lic theo phuong
ctia chuyén dong ¢ diém dé thi méi gay ra cong.

A=F. 73, (1.16)

trong d6 A la cong, F' 1a lyc tac dung va s la quang duong di dugc.
Ning lugng 1a mot dai lugng vo huéng thé hien kha nang sinh cong ctia hé vat. Céac loai hinh
nang lugng thuong gip trong mon hoc nay la:
Dong nang T = §mv2 v6i m 1a khdi lugng ctia vat va v 14 van toc clia no.
Thé nang trong truong V, = mgh véi m 13 khoi lugng ciia vat, g 1a gia tdc trong truong va
h la do cao cua vat. .
Thé nang dan hoi Vy, = 5/{302 v6i k 13 do citng 10 xo va x 14 do dai bién dang ciia 10 xo.

Tht nguyén ciia cong va nang lugng deu 1a [Khoi lugng][Chicu dai]2 [Thoi gian]_Q. Don vi thuong
dung la J.

Vi du 1.6. Vat A c6 khdi lugng m dang trugt trén miat phing nghiéng géc a so véi mat dat.
Vat duge gin vao tuong C bing 10 xo ¢6 do cing 1a k. Biét hé s6 ma sat clia mit phing nghieng
13 1 va Ite can c6 cac hé s6 ti1e v, .
Hay xac dinh dong niang, thé nang ciia vat.

Vi duy 1.7. Con lic elip gdm con chay khéi lugng m1 trugt khong ma sat trén mat phing nim
ngang va qui cau nhoé khéi lugng me nbéi véi con chay bang thanh AB = [. Thanh cé thé quay
quanh truc A gin lién véi con chay va vuodng goéc v6i mat phang hinh vé.

Hay xac dinh dong ning, thé ning ctia he.

1.2.2 Thiét lap cac phuong trinh chuyén dong

Ching ta c6 thé sit dung mot trong hai phuong phap sau thiét lap cac phuong trinh chuyén
dong cho hé dao dong,

1.2.2.1 Phuong phap phan tich luc

Dé tim céac phuong trinh chuyén dong ctia co he, ching ta st dung phuong trinh can bing luec.
Trude hét ching ta viét phuong trinh can bang luc cho titng vat hodic cho ca co hé. Day la mot
phuong trinh ma cac thanh phan déu c6 dang vector nén ching ta sé dung cac hinh chiéu ciia ching
trén cac phuong chuyén dong ctia co he.

Phuong phap phan tich Iyc ¢6 hiéu qua tét trong trusng hop co hé ¢ it vat thé (mot hodc hai).
Truong hgp hé c6 nhiéu vat thé hon, phuong phap nay sé trd nén dai dong va phiic tap vi phai xét
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1.2 Phuong trinh chuyén dong ctia hé dao dong 7

dén noi Iyc gitta cac vat trong co he.

Vidu 1.8. Vat A c6 khéi lugng m dang trugt trén mit phang nghiéng géc a so véi mit dat.
Vat duge gin vao tudng C bang 16 xo c6 do ciing la k. Biét hé s6 ma sat ctia mit phang nghiéng
13 1 va Iie can c6 cac hé s6 tile v, .
Hay viét phuong trinh vi phan chuyén dong ciia vat bang phuong phap phan tich luc.
Giai
Hé lyc tac dong lén vat 1a

PANAt Fpst Fapt Fe=md (1.17)

Chiéu phuong trinh trén lén hai truc toa do ta thu duge hé

{ i;?;z i l];;h —F.— F,,s = ma. (1.18)
T phuong trinh trén, ta thu duge
mgsina — kr — yv — pmgcosa = ma. (1.19)
Chu § rdng v = & va a = &, ta tim dugc phuong trinh vi phan chuyén dong:
— kx — & — md = pmgcosa — mgsina. (1.20)

Viduy 1.9. Con lic elip gdm con chay khéi lugng mq trugt khong ma sat trén mat phing nim
ngang va qui cau nhoé khéi luong ms ndi véi con chay bang thanh AB = [. Thanh c6 thé quay
quanh truc A gin lién véi con chay va vuong géc v6i mit phing hinh vé.

Hay viét phuong trinh vi phan chuyén dong ciia hé bing phuong phap phan tich liyc.
Giai:
Phuong trinh can bang Iite ciia con chay

PL+N+T, =ma (1.21)
Chiéu len phuong chuyén dong ciia con chay, ta thu dugce
Ty sinf = mi& (1.22)
Phuong trinh can bing litc ciia con chay
Pt Fo+ Ty = moih (1.23)
Chiéu lén phuong phap tuyén va tiép tuyén chuyén dong ciia con lic, ta thu dugc

{ —magcost + Fysind + Ty = molf? N { Ty = magcost — moisind + molh? (1.24)

Psinf 4 Fyicost) = mglé, mgsind + modcost = mglé.
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8 Nhap moén dao dong

Do thanh khong giadn nén 77 = T, ta thu dugc
madsin?0 — magcosOsing + malf?sind = my i. (1.25)

Két qua la ta c6 hai phuong trinh vi phan chuyén dong
Mmoisin®d — mi& — magcosfsind + malf?sind = 0, (1.26)
mogsind + moZcost — mslf = 0. '

1.2.2.2 Phuong phap nang lugng

Dé tim céc phuong trinh chuyén dong ciia co hé, chiing ta sit dung phuong trinh Larange loai 1T
dugc phat biéu nhu sau.
d oL 0L
——— - — =F* 1.27
dtd¢;  Oqg; (1.27)
trong d6 L =T — V la ham Lagrange, ¢ 1a toa do suy rong (toa do, goc) va ¢ la dao ham theo thai
gian clia toa do suy rong (van toc, van toc goc). F* 1a cai ngoai luc suy rong (luc, moment lyc)
khong béo toan (khong phai trong lyc, lyc dan hoi).
Néu hé chi c¢6 trong It va Iire dan hoi 1a Iye thé thi phuong trinh Larange loai IT dugce viét lai
nhu sau
d 8£ O(Vy + Van)

i e (1.28)

Phuong phép ning lugng c6 hidu qua t6t trong trudng hop co hé c6 nhidu vat thé. Vi ching ta
khong can quan tam dén noi hyc gitta cac vat trong co he.

Vi du 1.10. Vat A c6 khoi lugng m dang trugt trén mit phing nghiéng géc a so v6i mat dat.
Vat dugce gin vao tuong C bang 10 xo c6 do cing 1a k. Biét hé s6 ma sat clia mit phing nghieng
13 1 va Iie can clia khong khi ti 1é vdi hai 1an van téc ciia vat.
Hay viét phuong trinh vi phan chuyén dong ctia vat bang phuong phap ning luong.
Giai
Ta chon toa do suy rong la vi trf = clia vat trén mat phang nghiéng.

Dong nang cha vat: T = §mv2.

. ) ) . 1
The ning cta vat va cua lo xo: V, = —mgzsina, Vg, = ikx?

Cac ngoai lyc khong bao toan tac dong lén vat: F, = —yv, Fi,s = —umgceosa.
Phuong trinh Lagrange dugc viét cho chuyén dong ctia vat 1a

dol1 5, 0 9 ,

%952 + %%kx — mgrsina) = —yv — pMgeosa
= mi + kxr — mgsina = —yi& — pmgcosa (1.29)
& mi + vyt + kx = mgsina — pmgcosa.
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1.2 Phuong trinh chuyén dong ctia hé dao dong 9

Vi du 1.11. Con lic elip gdm con chay khéi lugng m; trugt khong ma sat trén mit phing
nim ngang va qué cau nhoé khdi luong mo néi véi con chay bing thanh AB = [. Thanh c6 thé quay
quanh truc A gin lién véi con chay va vuong géc v6i mit phing hinh vé.

Hay viét phuong trinh vi phan chuyén dong ciia hé bing phuong phap niang luong.

Giai
Toa do ctua hé 1a

{ x1(t) = z(¢), { xo(t) = z(t) + lsin(0), (1.30)
yi(t) =0, y2(t) = lcos(0). ‘
Ta chon hai toa do suy rong la toa do x clia con chay va 6¢ quay 6 clia con lac.
1 . .
Dong ning ctia vat: Ty = §m1¢2, Ty = §m2((x + 10cos0)? + (10sind)?.

Thé nang ctia vat: Vi =0, Vo = —maglcost.
Khong ¢6 ngoai lyc khong bao toan tac dong 1én vat.
Phuong trinh Lagrange dudc viét cho chuyén dong ciia toa do suy rong thi nhat 1a

Ao, 1 g -
cg@:'c <2m1x + ng((x + 10cos0)* + (10sind) ) + (%U( maglcost) =0 1.31)
& $[(m1 + ma)d 4 mallcosd] =0.

Phuong trinh Lagrange dudc viét cho chuyén dong ciia toa do suy rong thit hai la

Ty (§m1x + img((x + l90059)‘ + (10sind) ) + %(fmgglcos@ =0. (1.32)
& 10+ Zcost — £l0sinf + gsinf — £l0sind =0.

1.2.3 Phuong phap giai phuong trinh chuyén dong

Céc phuong trinh chuyén dong trong mon hoc nay thudng la cac phuong trinh vi phan tuyén
tinh cAp hai khong thuan nhét ciing véi cac diéu kien dau. Nghia 13 cdc phuong trinh chuyén dong
c¢6 dang nhu sau

ai(t) + bi(t) + calt) = £(0)
{ z(0) = xo; z(0) = v, (1.33)

trong do a, b, ¢ 1a cac hé sb c¢6 thé 1a hing, c6 thé 1a ham theo thoi gian t.
D@ giai phuong trinh (1.33)) chiing ta sit dung cac phuong phap sau

1.2.3.1 Phuong phap truc tiép

Gia stt (1.33]) 6 cac he s6 a, b, c 1a hing va a # 0. Khi d6 nghiém ctia phuong trinh nay 1 tong
ctia hai ham s6 sau
z(t) = w1(t) + 22(1), (1.34)

trong dé z1(t) 14 nghiem tdng quat ciia phuong trinh thuan nhét tuong ting (vé phai bing zero) va
x2(t) 1a mot nghiém riéng ctia chinh phuong trinh ((1.33)).
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10 Nhap moén dao dong

Phuong trinh dac trung tuong dng ctia phuong trinh (1.33) 1a phuong trinh bac hai c6 dang

ak?® + bk +c=0. (1.35)
Dit A = b? — 4ac. Néu A > 0, nghiém ciia phuong trinh thuan nhat I3
z1(t) = CreMt + Cyeh?t, (1.36)
trong d6 C1, Cs 1a hai hing s6 va k1, ko 1a hai nghiem ctia phuong trinh (L.35).
Néu A = 0, nghiém ctia phuong trinh thuan nhat 1
x1(t) = Cref + Cote, (1.37)
trong d6 Cy, Cs 1a hai hing s6 va k 1a nghiem kép ctia phuong trinh (1.35)).
Néu A < 0, nghiém ctia phuong trinh thuan nhat 1a
r1(t) = C1e®sin(Bt) + Cae™ cos(Bt), (1.38)

. . b V—A
trong d6 C1, Cs la hai hang s0 va a = 5 8= —
Dé tim nghiém riéng ctia phuong trinh (1.33)), chiing ta nham nghiém c6 dang tuong ty v6i ham
f(t) bén vé trai. Duéi day 14 mot s6 gdi y cho viéc nham nghiém. Chiing ta can xac dinh cac hing

s6 A, B, S, ... clia nghiém goi ¥.
Ham f(t) | Nghiem gdi y za(¢)
[ At+ B
t2 At? + Bt + C
eat Aeat
te™ Ate® + Be®
sin(Bt) | Asin(Bt) + Bcos(St)
cos(Bt) | Asin(pt) + Beos(5t)

Truong hgp st dung nghiém ggi § nhung van chua tim duge nghiém chinh xéc (khong thoa
(1.33)), ching ta sé tim lai nghiegm bang cach cong theém don thiic ¢6 s6 mi cla t ting mot véi
nghiém ggi y.

Sau khi tim dugc nghiém téng quét x1(¢) ciia phuong trinh khong thuan nhat va nghiém riéng
x2(t) ctia phuong trinh thuan nhat. Nghiém tong quat x(¢) clia phuong trinh khong thuan nhat sé
dugc tinh bdi cong thic (1.34). Luu ¥ ring nghiém z;(¢) c6 hai hing s chua xac dinh con nghiém
x2(t) khong c6 hang s6 chua xac dinh. Nhu vay nghiem x(t) ciing c6 hai hing s6 chua xac dinh.
Chiing ta sé dya vao cac diéu kien dau dé xac dinh cac hing sb nay.

Vi du 1.12. Vat A c6 khéi lugng m dang trugt trén mat phing ngang so véi mit dat. Vat
dugc gan vao tuong C bang 1o xo c¢6 do ciing 1 k. Biét hé s6 ma sat clia miit phing nghiéng 1a u
va khong c6 Iiie can ctia khong khi. Khi bat dau khao sat, vat & vi tri can bang ctia 10 xo va khong
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1.2 Phuong trinh chuyén dong ctia hé dao dong 11

cé van tbc.
Hay tim phuong trinh chuyén dong ctia vat.
Giai
Stt dung cac két qua ctia vi du

m . m
x + TE=pr9 (1.39)

Phuong trinh dic trung cia phuong trinh trén c6 A = —4% < 0. Vay nghiém tdng
quat ctia phuong trinh thuan nhat 13

x1(t) = C’lsin(\/ft) + CQCOS(\/ft). (1.40)

Nghiém riéng ctia phuong trinh khong thuan nhat 1a

z2(t) = g (1.41)

Nghiém tong quat ctia phuong trinh khong thuan nhat 1a

x(t) = Clsin(\/ft) + Cgcos(\/ft) + ,u%g (1.42)

Thay cac diéu kién bién vao nghiém tong quét, ta thu dugc

= C1sin(0) + Cacos(0) + p— g =0, m
& { k (1.43)

,/ Clcos +4 /= Cgsm

Vay phuong trinh chuyén dong ciia vat 1a

x(t) = u%g(l - cos(\/ft)). (1.44)

1.2.3.2 Phuong phap gian tiép
Dé giai bai toan ((1.34)), chiing ta c6 thé st dung phép bién ddi laplace va phép bién doi Fourier dé

bién cac phuong trinh vi phan thanh cac phuong trinh dai s6 binh thuong.

Vidu 1.13.
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12 Nhap mén dao doéng

1.3 Bai tap

Bai tap 1.1. Cho biét thit nguyén clia cac dai lugng sau:
a) Gia toc trong truong g.
b) Do cing k cua 1o xo.
c) He s6 ma sat trugt u ctia lyc ma sét.
d) He s6 v, A cia lyc can.
Déap an: a) g : [Chiéu dai][Thai gian]d. b) k : [Khéi lugng][Thoi gian]iZ
c¢) p : khong c6 thi nguyeén. d) A : khong c6 thit nguyeén,
~ : [Khéi lugng][Chidu dai]' *[Thai gian]

Bai tap 1.2. Cho biét thit nguyén ctia cac dai lugng sau:
a) Cong suat P = dA/dt (cong thiyc hién trong mot don vi thoi gian).
b) Dong lugng L = mv (dai lugng dac trung cho chuyén dong tiic thoi clia vat).
¢) Ap sudt p = F/S (ap lyc tren mot don vi dien tich).
d) Hieu suat H = Ay /A (ti s6 cong c6 ich va cong thuc hién).
Dép an: a) P : [Khéi lugng][Chiéu dai]’[Thai gian]

b) L : [Khéi lugng][Chiéu dai][Thai gian] '

¢) p : [Khéi lugng][Chiéu dai] ' [Thoi gian]

d) H : khong c¢6 thit nguyén,

Bai tap 1.3. Tim nghiém téng quat clia cac phuong trinh sau:
a) & —2& + 5z = 0.
b) &+ 3% + 2z = t2.
d) & + & = sint.
c) &+ 24 — 3z = €' + 2t.

Dap an: a) z(t) = Cye 5m2t + Cyelcos2t.

x(
b) z(t) = Cre™ + C e 24 L2 34 T
c) z(t) = Cy + Coe™t — isint - icost
d) z(t) = Cre' + Coe 3 + fte! — 2t — 5

Bai tap 1.4. Tim nghiém ctia cac phuong trinh sau:
a) &+ 44 = sint, z(0) =1, £(0) =1 .
b) i + & = e + 5t, 2(0) = 0; 2(0) = 2.
c)i+2t+x=¢e +et x(0)=0,20)=0.
d) & +x=1t+cost, x(0) =1, £(0) = —1.

Dap an: a) z(t) = — e " + 3 — Lsint — 700375
b) z(t) = Le? - 23%—75 +5t2 -5t + 13
c) z(t) = —Je '+ fel — Jte  + %th_t
d) z(t) = —2sint + cost + stsint +t

Bai tap 1.5. Tim phuong trinh vi phan chuyén dong ciia co hé sau
a) Con lac don gom chiéu dai day [ mot dau treo vat nang khoi lugng m, mot dau gan
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1.3 Bai tap 13

¢ dinh trén tran nha.
b) Con lac don gom chiéu dai day [ mot dau treo vat nang khoi lugng m, mot dau gan
c6 dinh trén tran nha, Iyc can khong khi ti 1é véi van toc theo hé so 7.
Dap an: a) ¢ + gsinp = 0. b) P+ vlp + gsing =0

Bai tap 1.6. Tim phuong trinh vi phan chuyén dong ciia co hé sau
a) Con lac 10 xo gom mot 10 xo do ciing & mot dau gan vao vat ning khoi lugng m,
mot dau gan cb dinh vao tudng. Biét ring con lic chuyén dong nim ngang.
b) Con lic 10 xo gom mot 10 xo do cing k mot dau gan vao vat nang khoi lugng m,
mot dau gin c6 dinh vao tudng. Biét ring con lic chuyén dong théng ding.
Dap an: a) mi + kx = 0. b) m& + kx + mg =0

Bai tap 1.7. Tim phuong trinh chuyén dong ciia ¢ hé sau biét ring véi géc nhé thi sing = ¢,
cosp =1— %2

a) Con lac don khéi lugng m = 0.5kg, chiéu dai day [ = 1m. Ban dau con lac dugc kéo
mot goc a = 10° va duge tha khong van toc dau.

b) Con lac don khéi lugng m = 0.5kg, chiéu dai day [ = 1m, lyc cadn khong khi ti 1& v6i
van téc theo hé s6 v = 2. Ban dau con lac ding & vi tri can biang a = 0° vA cung cap mot van toc
dau v(0) = 0.5m/s.

Dap an: a) ¢ = 10°cosv/10t. b) ¢ = \}ée_tsin\gét

Bai tap 1.8. Tim phuong trinh chuyén dong ctia co hé sau
c¢) Con lic 16 xo do ciing k = 20, khéi lugng vat nang m = 0.5kg, chuyén dong nim
ngang. Ban dau con lic dugc kéo gidn doan z = 2cm va buong khong van toc dau.
d) Con lic 1o xo do ciing k = 20, khéi lugng vat ning m = 0.5, chuyén dong thang
ditng. Ban dau con lac bi ép nén x = —2cm va buong khong van toc dau.
Dap an: a) x = 2c0s20t. b) x = 2.5 — 2c0s20¢t

Bai tap 1.9. Con lac doi khéi lugng mq, meo va chiéu dai day [y, ls dudc méic noi tiép vao
nhau. Nghia la day /; ndi vat mq va tran nha, day ls néi vat m; vi mo. Ban dau hai con lic dudc
kéo lech so véi phuong thing ding géc 1 va .

Tim phuong trinh vi phan chuyén dong cta co he.
Dép an: (m1 + mz)l%(ﬁl — m2l1l2¢2(¢1 — ng)sin(gol — gOQ)
+malilapacos(p1 — @2) + (my1 + ma)glysing; =0
mal3@a + malilapicos(pr — 2) — malilapr(P1 — ¢2)sin(er — p2)
+mggl2gb25imp2 =0
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Chuong 2

Dao dong cua hé mot bac tu do

Bac tit do (DOF - Degree Of Freedom) la cac thong s6 doc lap diing dé xac dinh trang thai (vi
tri, khuynh huéng chuyén dong) ctia mot hé. Ching phan anh mitc do tu do ctia he, hé cang nhiéu
bac tu do c¢6 nghia hé cang linh dong, dé bién ddi.

MB&i vat cac cac bac tu do rieng ctia né. Hé gom nhiéu vat thi s6 bac tu do ciia hé bang téng cac
bat tu do cha cac vat trong hé.

Vidu 2.1.
Heé gom mot chat diém trong khong gian c6 3 bac tu do 1a vi tri z, y, 2.
He gom mot vat ran tuyet doi c6 6 bac tu do gom vi tri z, y, z va goc quay by, 0y, 0.
Heé gdom mot vat ran bién dang c6 vo sé bac tu do béi vi né gdm vo sé chat diém
Néu khéi lugng (hosic nhiét do, dién tich,...) clia chat diém 1a bién déi theo thdi gian
thi n6 c6 thém mot bac tu do nia.

Thong thudng bac tu do dude biéu dién béi toa do suy rong la dai lugng ding dé xac dinh vi
tri clia co hé. D6i véi dao dong tuyén tinh téng quat ctia hé mot bac ty do, phuong trinh chuyén
dong 1a phuong trinh vi phan tuyén tinh cap hai khong thuan nhét

ag(t) +bg(t) + cq(t) = (1), (2.1)

Trong noi dung gido trinh nay, ta chi khao sat truong hop cac hé s6 a, b va ¢ 1a hang s6. Trudng
hgp vat dao dong khong chiu lyc cudng bitc thi f = 0. Truong hgp vat dao dong tu do khong co
Iirc cdn thi b = 0.

2.1 Dao dong tu do

Xét hé mot bac tu do ¢ toa do suy rong la g, luc tac dung lén he 1a lyc c¢6 thé. Khi d6 dong
ning va thé niang cia hé lan lugt 13

T= 7mq. ) V= 7kq 9 (22)
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16 Dao dong ctia hé mot bac tu do

trong d6 m dac trung cho quan tinh (lien quan dén sy di chuyén nhanh hay cham) ctia vat va k
dac trung cho "do cing" (lien quan dén sy dich chuyén dai hay ngan) clia vat.

Vidu 2.2.

Truong hop chuyén dong cilia con lic don khéi lugng m, chiéu dai day I, ta c6 toa do
suy rong la géc quay clia vat ning ¢ = ¢; quan tinh 14 moment quan tinh m = mi?, do cing la dai
lugng ti 1é v6i do cao ciia vat nang k = mgl trong dé ¢ 1 gia téc trong trudng. Khi dé dong ning
va thé nang clia hé 1a

1 1
T = iml2 52, V= §mglg02.

Trudng hop chuyén dong clia con lic 1o xo khéi luong vat nang m do cing k, ta co
g =z 1a 1i do ctia vat nang; quan tinh 1 khéi lugng vat nang m = m va do ciing chinh 14 do cing
10 xo k = k. Khi d6 dong nang va thé nang ciia hé 1
1 1
T=-mi®, V= cka.
5ME 5k
Phuong trinh Lagrange II trong truong hop khong c6 ngoai le khéac tac dung duge viét nhu

Sau:
doT vV

St =
dt 0¢;  0g;
Thay dong nang va thé nang trong (2.2) vao phuong trinh trén, ta dé dang tim dudc phuong
trinh vi phan rat gon nhu sau

(2.3)

j+w?q=0, (2.4)

trong dé w? = k/m goi la tan sb riéng ctia dao dong. Phuong trinh (2.4) 1a phuong trinh vi phan
mo t4 dao dong tu do ctia hé tuyén tinh mot bac tu do. Nghiém tong quét ctia né duge tim & dang

q = Asin(wt + ), (2.5)
v6i A va o 1a cac hé s6 can xac dinh.
Gia st tai thoi diém ban dau, ta biét toa do gy vh van téc chuyén dong gy clia co he. Nhu vay

ta tim dugc

q(0) = Asina = qo,
{ 4(0) = Awcosa = qp. (2.6)

Két qua 1a ta nhan duge

-2
/ w
A=\ + Z—O = Ao, o= arctan% = ap. (2.7)

Ta thu dugc phuong trinh chuyén dong ciia hé la

)
q= \/ﬂsz’n (wt + arctanﬂ). (2.8)
w o

Trong truong hop nay hé dao dong diéu hoa véi chu ki va tan s6 khong doi

o2 [m 1 1 |k
T=—=2 - = — = —1/—. 2.
w T Lk’ f T 27V m (2.9)
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2.1 Dao doéng tu do 17

5

Hinh 2.1: Quy dao ctia vat trong qué trinh dao dong ty do

Tai mdi thoi diém trang thai ciia hé dude dic trung bing dich chuyén ¢ va van toc v = ¢. Ta
biéu dién toa do suy rong va van toc ciia toa do suy rong trén mat phang pha (phase portrait)

xr = q = Apsin(wt + ap),
{ y = ¢ = Aopwcos(wt + ayp). (2.10)

Tit phuong trinh tham s6 theo ¢, ta c¢6 thé tim dudc quan hé gitta toa do suy rong va van toc
cua noé la
q2 42 . 9 2
2t e,z =5 (wt 4+ ) + cos”(wt + a) = 1. (2.11)
Day 1a phuong trinh ellip véi cac ban truc 1a A va Aw véi diém biéu dién ban dau tuong ting
véi diéu kien ¢(0) = qo va ¢(0) = qo.

Hinh 2.2: Phase portrait ctia dao dong ty do

Khi thay toa do suy rong v van téc clia né vio cac biéu thitc nang lugng. Ta thu duge quan

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

18

Dao dong ciia hé mét bac tu do

hé gitta ching nhu sau

1 Tw2AZ 2
K(q) = imch = %sm%wt +ap) =

70(1 — cos(2wt — 2ay)),

1. kA A
Ug) = ikq2 = %COSQ(MS + ap) =

oN

(2.12)
5 (1 + cos(2wt — 2ay).

Két qua 13 dong niang va thé ning cling c6 do 16n 1a ham dao dong diéu hoa véi tan s6 rieng 2w.
Téng nang luong duge bio toan va cé gia tri

E=K+U=FkA] (2.13)

~Y

Hinh 2.3: Quan hé gitta dong ning va thé nang trong dao dong ty do

Vi du 2.3. Tim phuong trinh chuyén dong clia hé gdm mot 10 xo do ciing k mot dau gin vao
vat nang khéi lugng m, mot dau gin ¢ dinh vao tran. Biét ring con lic chuyén dong theo phuong
thing ding. Ban dau 10 xo & vi trf can bang va dude truyén mot van téc dau vg. Cho biét chu ki
va tan s6 ciia dao dong.

2.2 Dao dong tat dan

Xét he mot bac tu do c6 toa do suy rong 1a ¢. Gia st tac dong lén hé ngoai lyc ¢6 thé con ¢
Iitc cAn phu thuoc vao bac nhat van toc, nghia l1a

F. = vyv =#4. (2.14)
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2.2 Dao déng tat dan 19

Phuong trinh Lagrange II trong truong hop nay duge viét nhu sau:

dor v _
dtdg g

(2.15)

Thay dong ndng va thé nang trong cong thitc (2.2]) vho phuong trinh trén, ta thu duge phuong
trinh vi phan chuyén dong rit gon
G+ 2ng +w?q =0, (2.16)
trong d6 2n = y/m, w? = k/m.
Ching ta tim nghiém ctia phuong trinh trén trong hai truong hgp luc cadn nhéd va luce can 16n.

2.2.1 Truong hop luc can nho

Truong hgp nay duge xac dinh bdi n < w, khi d6 nghiém tong quat ctia phuong trinh (2.16)) c6
dang
q = Ae "sin(wit + @) (2.17)

v6i w1 = Vw? — n? goi la tan s6 tat dan. Khi xét dieu kien dau ¢p va qp, ta thu duge

. 2
A=y|q5+ w = Ay, a = arctan—0 — . (2.18)
wy qo + nqo
Vay
. 2
q= qg + weﬂ“sm (wlt + arctan,qoiwl) (2.19)
wy 4o + 1nqo

Nghiém trén cho thay bién do ctia dao dong gidm dan theo thai gian véi quy luat ham s6 mi.
Khi ¢ tién dén vo cling, bién do nay tiém can t6i khong va do d6 dao dong la tat dan. Chu ky dao
dong tat dan dude xac dinh béi

2 2 2T 1/n\2
T:—ziz—[l 7<—)] 2.20
! w1 w2—n2 w +2 k ( )

Chu ky tat dan ciing 13 hing s6 khong phu thudc vao thsi gian. Dé dic trung cho sit gidm bién
do, ngudi ta dung ki hiéu § va goi no6 la do suy giam Logarit cia dao dong

2r Y=

§=Int =nmy = (2.21)
yl w? Yy
ol 1
Tit phuong trinh tham s6 theo t cia toa do suy rong va van téc ciia né, ta thu dude
2 . 2
R n . —
% + (qAng) =e ™ <5m2(w1t + o) + cos®(wit + al)) =e " (2.22)
1 W1

Nhu vay trong mat phing (q,4), quan hé quan h¢ giita toa do suy rong va van toc clia né 1a mot
hinh xo#n 6c di tit diém ban dau (qo, §o) huéng vé gbc toa do.
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20 Dao dong ctia hé mot bac tu do

1q
AN ~——_ Vi
0] Y Vi N !
' NSNS == -
T, T,

Hinh 2.5: Quan hé gitta toa do suy rong va van toc clia vat trong qua trinh dao dong tat dan

Vé mat nang lugng, phuong trinh ([2.15)) cho ta
d
—(K+U)=—-F_.. 2.23
(K +0) = ~Fd (2.23)
Tich phan phuong trinh trén tit tg dén ¢, ta thu dudc
t
K+U-Ey=— [ F(q(r))q(r)dr = —Eq(t) (2.24)
to
trong dé Ep la tong nang lugng ban dau va F4(t) 1a phan nang lugng hao tan do lyc can tai thai
diém t.

Vi du 2.4. Xét mot con lac don gom mot vat khéi lwgng m néi vao thanh cing chiéu dai |
theo phuong thing ding. Vat niang trong khi chuyén dong chiu Iuc can clia khong khi ti 1¢ véi van
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2.3 Dao doéng cudng bic 21

téc theo hé s6 v. Ngusi ta ndi diém gitta ctia thanh véi mot 10 xo do cing k nim ngang. Hay viét
phuong trinh chuyén dong clia vat niang treo trén thanh.

2.2.2 Truong hgp luc can 1én

Trudng hop nay duge xac dinh bdéi n > w, khi d6 nghiém téng quat ctia phuong trinh ([2.16) c6
dang

e " (((10 —ngo)t + C]0>, if n=w,
Al R (tJO(wz +n) 4+ qo (2t qolwa —n) + q0> — (2.25)
2ws 2wo ’

v6i we = vn? — w?. Ca hai nghiém nay cho thay hé khong dao dong. Hon nita khi ¢ tién dén oo,
bien do nay tiem can t6i zero va do dé chuyén dong la tat dan.

L
X \\
N N
\ N b
3 . ) . -
— s
.\\ T

Hinh 2.6: Quy dao clia vat trong qué trinh dao dong tat dan

2.3 Dao dong cudng btrc
Dao dong cudng bitc xdy ra khi hé chiu tac dong ctia cac kich dong bén ngoai. Céc kich dong

nay c6 thé tuan hoan hoic do va cham. Ta xem nhu lyc kich dong nay nhu ham theo thoi gian

Q=Q(@).
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22 Dao dong ciia hé mét bac tu do

Xét hée mot bac tir do ¢6 toa do suy rong ¢, chiu Iyc tac dung 1a Iyc ¢6 thé, lyc can va lyc kich
dong. Phuong trinh Lagrange II trong trudng hgp nay dude viét nhu sau:

dor oV
ot

= F.+0. 2.2
dt 8ql 8(],‘ + Q ( 6)

Rit gon phuong trinh trén, ta thu duge phuong trinh vi phan mo ta chuyén dong ciia hé
4+ 2ng +wq = Q(t). (2.27)
Trong trusng hop lyc can nhd (n < w) nghiém tdng quat ciia phuong trinh ¢6 dang
q = Ae Msin(wit +a) +q (2.28)

v6i w1 = Vw? —n? va A, o 1a nhiing hé s6 chua xac dinh va g la nghiém riéng ctia phuong trinh vi
phan dudc tim duéi dang
q=e"Q(t). (2.29)

Khi xét dieu kién dau qg va qp, ta thu duge

_ 1 [t
Q) = / TQ(r)sin(wr (t — 7))dr, (2.30)
1Jo
Nhu vay nghiém tong quét ctia phuong trinh c6 dang
1 t
q:akzmmeﬁ+a)+k/famtﬂQﬁﬁMmm@—T»m: (2.31)
1Jo

Vé mat nang lugng, phuong trinh ([2.26)) cho ta

S+ 0) = ~2D(g) + (0 2.32)

Tich phan phuong trinh trén tir ¢ty dén ¢, ta thu dugc

K+U-—Ey=—2 tD(q(s))ds = —Ey(t) + W(b). (2.33)

to

trong d6 Ey la tong nang lugng ban dau, Ey(t) 14 phan nang lugng hao tan do liic can tai thai diém
t va W(t) 1a cong do Iyc cudng biic thyc hign cho dén thoi diém t.

Trong thyc té lyc cudng biic 1a cac lyc diéu hoa vi vay trong cac muc sau ta chi xét lyc cudng
biic diéu hoa.

2.3.1 Truong hgp khong cé luc can
Gia sit lyc kich dong bién déi theo quy luat dieu hoa Q(t) = Qgsingt. Phuong trinh vi phan

chuyén dong thanh
§ + w?q = Pysingt. (2.34)
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2.3 Dao doéng cudng bic 23

Nghiém téng quét ctia phuong trinh trén 1a

q = Asin(wt + a) + q. (2.35)
v6i ¢ 1a nghiem rieng duge tim dya theo dang ctia vé phai (2.34]). Két qua 1a ta thu dugc
_ Qo .

Thay cac dieu kién dau ching ta sé thu duge

] sinwt + %sincﬁt. (2.37)

q = Apsin(wt + ag) — " P

(w? —¢?)
trong d6 Ag va o dugce xac dinh bdi .

S6 hang dau clia tuong ting véi dao dong tit do tan sb rieng w. S6 hang thit hai ciing 1a
dao dong diéu hoa vdi tan s6 rieng w nhung bien do phu thuoc vao Iyc kich dong. S6 hang cudi
biéu thi dao dong cudng bic véi tan sé kich dong ¢.

Trudng hgp ¢ = w thi hai biéu thiic cudi duge tinh toan bdi

pQo . Qo . —psinwt + wsingt
— msznwt + mSZ?’Lth = Q() w(w2 _ ¢2) (238)
Ap dung quy tac L’Hopital, ta thu dugc
—¢sinwt + wsingt . —sinwt + wtcospt Qo . Qot

=1 = — t— —— t. 2.39
0 w(w? — ¢?) v o —2we 92 W T g 0% (2.39)

Két qua ta thu duge nghiém ctia phuong trinh ban dau la

t

q = Apsin(wt + ag) + %sinwt - %coswt. (2.40)

Thanh phan cudi clia nghiém trén cho ta thay bién do ciia dao dong tang tuyén tinh theo thoi
gian, day chinh la nguyén nhan gay nén sy cong hudng.

Vi du 2.5. Mot dong co dién khdi lugng m duge dé bdi mot 1o xo xoan c6 do cing 1a k. Nguoi
ta gan vao truc dong co mot tai trong mq cach truc dong co doan r. Biét dong co quay véi van toc
géc khong doi ¢. Hay viét phuong trinh dao dong ctia dong co biét rang tai thoi diém ban dau 1o
xo & vi trf khong bién dang va gbc quay ciia tai trong bang zero.

m,rp’
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24 Dao dong ciia hé mét bac tu do

~ /o

Hinh 2.7: Quy dao ctia vat trong qué trinh dao dong cudng biic

2.3.2 Truong hgp c6 luc can
Trong truong hop cudng bic c¢6 lyc can, phuong trinh vi phan chuyén dong duge viét nhu sau
4+ 2ng + w?q = Qusingt. (2.41)
Véi lyc can nhoé (n < w), nghiém ctia phuong trinh trén 1a
q = Ae "sin(wit + o) + @, (2.42)

voi w1 = Vw? — n? va ¢ 1a nghiém rieng duge tim dya theo dang ctia vé phai (2.41]). Két qua 1a ta
thu dugce

_ Qo . . 2n¢
= sin(pt — (), véi = arctan . 2.43
v R e G R (24
Kiém tra cac diéu kien dau ta thu duge nghiém ciia phuong trinh (2.41)) 13
q = Are " sin(wit + ay) + o sin(¢t — B). (2.44)

\/(w2 _ ¢2)2 4 4n2¢2

trong d6 A; vA oy da dude xac dinh bdi .

S6 hang dau ctia nghiém tng véi dao dong ti do ¢6 Iyc cdn va né sé tat dan theo thoi gian. Sau
mot khodng thdi gian ta c6 thé bé qua s6 hang nay. S6 hang thi hai xac dinh dao dong binh 6n
clia hé. Bién do clia n6 khong phu thudc thoi gian va khong tat dan. Tham chi khi xdy ra cong
huéng (¢ = w) bién do nay van hitu han.

Trong dao dong cudng bic nay luon xay ra do léch pha gitta pha dao dong véi pha cua lyce kich
dong. Do lech pha nay dat cuc dai khi cong hudng va cé gia tri § = 7/2.

Vi du 2.6. Dé dam bé tong & chan moéng cac cong trinh, ngusi ta diing mot thiét bi dac biet.

D6 13 chan ti lech tam gom mot dé nang khéi lugng m, trén do dit hai dia quay khéi lugng moi

dia bang my. Cac dia quay trong mit phing thing ding theo chiéu nguge nhau véi van téc goc ¢.
Trén mdi dia ngudi ta gan mot tai trong mg cach truc quay mot khoang 7.

Hay thiét lap phuong trinh dao dong binh én ctia vé chan tit. Tinh bién do dao dong.
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P(t) = 2m o esin ot
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26 Dao dong ctia hé mot bac tu do

2.4 Bai tap

Bai tap 2.1. Tim phuong trinh chuyén dong ctia hé gom mot 1o xo do cing k mot dau gin
vao vat nang hinh try khéi lugng m ban kinh r, mot dau gan cd dinh vao tuong. Biét rang con lic
chuyén dong theo phuong nim ngang. Ban dau 10 xo dugc kéo gisn doan zg va tha khong van toc
dau.

Hay cho biét chu ki va tan s6 clia dao dong. Biét moment quan tinh clia vat ning 1a

_ 1 2
I—2mr.

g X

TrE — 2m _ 1 /3K
Dap anT—zﬂ' W,f—ﬂ m

Bai tap 2.2. Xét mot con lic don gom mot vat khdi luong m ndi vao thanh ciing chieu dai |
theo phuong thang ding. Ngudi ta nbi diém giita ctia thanh véi mot 10 xo do ciing k& nim ngang.
Hay viét phuong trinh chuyén dong clia vat nang treo trén thanh. Biét tai thoi diém
ban dau con lac duge kéo léch mot goc 5° va tha khong van tdc dau.

Dap an: ¢ = 5%in(y/ 4 + 2=t).

Bai tap 2.3. Mot vong khéi lugng m ban kinh r duge dit trén mot diém tya nhu hinh vé.
Biét rang vong dugc kéo lech mot goc g = 7° va tha khong vat téc dau.
Hay viét phuong trinh chuyén dong ctia vong.

Dap an: p = 7%sin(y/ st + 5).

Bai tap 2.4. Trong truong hop dao dong tat dan c6 lyc can 16n, hay chitng minh cac cong
thitc nghiém ([2.25)) 14 nghiém ctia phuong trinh vi phan (2.16)).

Bai tap 2.5. Tim phuong trinh chuyén dong thang diing ciia hé gdm mot 1o xo do cing k& mot
dau gan vao vat nang khoi luong m, mot dau gan c¢d dinh vho tran. Biét rang vat ning chiu lyc
can khong khi ti lé thuan véi van téc. Ban dau 10 xo bi kéo mot doan Iy va tha khong van toc dau.

Hay viét phuong trinh chuyén dong ctia vat ning va cho biét chu ki ctia dao dong.
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=

Dap an: Truong hop lyc cdn nhé w; = Vw2 —n?2, T =
r=e ™ [(l — Z)cos(wit) + n(lo — %)sm(wlt) + 7
Truong hop luc can vira wy = Vw? —n2, T =
z = e (o — ) + ntly - 9)} +

Truong hop lyc can 16n wy = Vn?2 — w2, T =

mg _ klp—mg (n+w2)t klo mg —(TL—WQ)t mg
z=(lo -5 Sk )€ + Snk € + %

Bai tap 2.6. Mot chiée xich du dude mo hinh héa nhu mot con lic don gom day chiéu dai |
va vat ning khéi lugng m. Do lic can ti 1é v6i van téc theo hé s6 v nén xich du chuyén dong cham
dan.

a) Tim phuong trinh chuyén dong ciia xich du va quan hé dong ning - thé niang ciia
no.
b) Sau bao lau thi xich du dimg han (ning lugng nhé hon 1% so véi ban dau. Lic do
xich du da quay dugc bao nhiéu vong.
PP = tw\/24 twv/24
Dép an: a) e t[lﬂ—gcos( Y=+ 18W 2 ]

b) T, = 227,0520s, N = 90, 4986 vong.

sin(

Bai tap 2.7. Trong truong hgp dao dong cudng bic khong lyc can, hdy chiing minh
a) Cong thic (2.36) la nghiém riéng clia phuong trinh vi phan (2.34)).
b) Cong thic (2.37) la nghiém ciia phuong trinh vi phan (2.34]).

Bai tap 2.8. Trong truong hop dao dong cudng bitc ¢6 luc can, hay ching minh
a) Cong thic (2.43) la nghiém riéng clia phuong trinh vi phan (2.41)).
b) Cong thic (2.44) 1a nghiém ciia phuong trinh vi phan (2.41]).

Bai tap 2.9. Khao sat sit bién thién bién do ctia sé6 hang thit hai trong nghiém ctia bai toan
dao dong cudng bitc c¢6 I cdn theo tan s6 riéng ciia lite cudng biic ¢.

Bai tap 2.10. Mot chiéc xich du dugc mo hinh héa nhu mot con lac don gom day chiéu dai |
va vat nang khéi lugng m. Do luc can ti 1é v6i van téc theo hé s6 v nén xich du chuyén dong cham
dan. Tai thoi diém xich du lén cao nhat bén trai, ngudi ta cung cap mot ning lugng Ey bang cach
tac dung mot lyc vao xich du.

Tim phuong trinh chuyén dong ctia xich du lic nay. Fy bang bao nhiéu thi hé dao dong
tuan hoan?
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Chuong 3

Dao dong ctia hé nhiéu bac tu do

3.1 Dao dong tu do

Xét co hée N bac ty do ¢6 cac toa do suy rong la qi1, qo, ..., gn. Céac luc tac dung lén hé la lyc co
thé. Gia stt dong nang va thé nang ctia hé lan luot 1a

1 N N 1 N N 3 -
K= §sziﬂ’qt‘qﬁ U=3 > kijaig;,  i,j€LN, (3.1)

i=1 j=1 i=1 j=1

trong do6 m;;, ]_ﬂij la dac trung cho quéan tinh va do cing cilia vat thé va lien hé gitta chiing trong co
hé. Khi d6 phuong trinh Lagrange II trong trudng hop khong cé ngoai Ic khéc tac dung duge viét

nhu sau:
d oK 0oU B

dt 9g; +a(h‘ -

ie1,N. (3.2)

Thay dong ning va thé nang trong (3.1)) vao phuong trinh trén, ta sé tim dugce hé phuong trinh
vi phan rat gon nhu sau

N N
> M+ Y kijg; =0, i€ N. (3.3)
j=1 j=1

Hé phuong trinh (3.3) 1a he phuong trinh vi phan mo ta dao dong tu do ctia hé tuyén tinh N bac
tu do. Dé giai hé nay, ching ta c6 phuong phap téng quat nhu sau:
Viét lai hé trén mot cach don gidn nhu sau

a11G1 +ai2G2 + ... +aingy +c11q1 +cieq2 + ... +cingy =0,
a21gr + azngs + ...+ aaNgn +c21q1 + c22¢2 + ...+ cangn = 0, (3.4)

an1q1 + an2ge + ... + anNGN + cn1q1 + cN2g2 + ... +envgn = 0.

Ta tim nghiém duéi dang

qi = Ajsin(wt + @), 1€1,N. (3.5)
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30 Dao déng ctia hé nhiéu bac tu do

Thay (3.5) vao (3.4) ta thu dugc

A1(011 — a11w2) + AQ(ClQ — a12w2) + ...+ AN(ClN — ale2) =0,
Ai(cor — agiw?)  + Aa(con — agew?®) + ... + An(cany — agnw?) =0,

(3.6)
Ai(ent — an1w?) + Az(ene — anow?) + ... + An(eyy — aynw?) = 0.
Diéu kién can va du dé A; ton tai thi
(c11 — aj1w?) (c12 — ajaw?) (e1n — a1nw?)
(co1 — agiw?) (co2 — azow?) (can — agnw?) -0 (3.7)
(en1 — aniw?) (cn2 — anow?) (enn — annw?)

Phuong trinh trén duge goi la phuong trinh tan sé. N6 1a phuong trinh bac N ctia w?. Gia st khi
gidi phuong trinh trén ta tim dugc N nghiém (duong) clia w lan lugt 1a wy, ws, ... wy, khi do ta
thu dugc nghiém

@1 = Arsin(wit + a1) + Assin(wat + a2) + ... + Aysin(wnt + an),
g2 = A1Qarsin(wit + a1) + AzCazsin(wat + az) + ... + AnGnsin(wnyt + an),

(3.8)
gy = A1{n1sin(wit + aq) +.:42CN28in(w2t + ag) + ... + AN sin(wnt + an).
trong do ,
Gi= - WY e N, (3.9)
Cji — Qjiw;

Vi du 3.1. Xe 6 t6 khdi lugng m dang dao dong tai chd nhd hai 10 xo do cting k1, ko dat tai
hai truc xe. Biét trong tam xe cach hai banh 1an lugt 13 dy, do v moment quan tinh clia xe so véi
trong tam la I.

Viét phuong trinh chuyén dong thing ding clia xe 6 t6 dbi véi mit phang nim ngang.

Vitri can

béing tinh
X

Giai:
Heé c6 hai bac tu do la chuyén dong théng ding ciia trong tam xe v sy quay clia xe
quanh trong tam noé. Ta chon hai toa do suy rong gom y la tung do ciia trong tam tinh tai vi tr
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3.1 Dao dong tu do 31

can bing va ¢ la géc nghiéng cilia sin xe so véi miit phing nim ngang. Khi d6 dong nang va thé
nang ctia hé lan lugt dude xac dinh bang

1 1
K =_-my? + =1¢?
5my” + 5 1e%

1 1
U= §k1(y +dip — Aﬂz)2 + §k2(y —dap — Ax)2 + mgy.

trong d6 Az 1a do nén céc 1o xo khi chiu tai trong mg. Phuong trinh Lagrange II cho ta

my + (k1 + k2)y + (kidy — kada)p =0,
I$ + (kidy — kod2)y + (k1d? + kod3)e = 0.

Dé don gian hoa bai toan, ta gia st ki = ko = k va di = dy = d. Khi d6 phuong trinh trén dugc
viét lai
my + 2ky =0,
{ I$ + 2kd*p =0.

Giai phuong trinh trén ta thu dugc hai nghiém téng quat sau

2k 2kd?
y = Aysin(—t + aq), ¢ = Agsin( t+ ag).
m
Thay cac dieu kién bién, ta dugc
y(O) = Al;;in(al) = Yo, Al — o,
y(0) = EAlwlcos(al) =0, a1 = pi/2,
X = okd? 3.10
¢(0) = AQSZn(OQ) =0, Ay = — Id V0, ( )
, 2kd? —
»(0) = 7 Agwicos(ay) = vo, az = 0.
\

Vay nghiém téng quat mo phéng dao dong ctia xe hoi la

. (2k:t+7r)
= yosin(— —
Y =1%o m 5/

. /2kd28m(2kd2t)
w =" I 7Y

Vi du 3.2. Cho hé co vat gom hai 1o xo noi tiép nhau nam ngang nhu hinh vé. Biét khéi lugng
clia cac vat nang lan lugt 14 my = mg = m va do cting clia cic 10 xo lan lugt 1a ky = 3k, ko = 2k.
Biét ring tai thoi diém ban dau cac 1o xo chua bién dang va vat nang me duge truyén mot van toc
V0.

Hiy so sanh tan s6 dao dong riéng ciia titng vat va tim biéu dién quan hé giita céc toa
do suy rong va van toc clia ching.

i s
a—f‘("ﬂ' T — =TT e

! B K P
Xy X5
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32 Dao déng ctia hé nhiéu bac tu do

Giai
Hé c6 hai bac ty do 1a vi tri ctia cAc vat nang. Ta chon hai toa do suy rong gom z1 va x2 1a li do
clia my vA mg so véi vi tri khong bién dang. Khi d6 dong nang va thé niang clia hé lan lugt duge
xac dinh bang

1 1
K= leﬂf% + imgj;%,

1 2 1 2
U= §]€1.’L'1 + 5/?2(.%‘2 — 1‘1) .

Phuong trinh Lagrange II cho ta

miZy + (kl + kg)wl — koxo = 0,
MoZs — koxy + koxo = 0.

Ap dung phuong phéap giai tdng quat, diéu kien (3.7) cho ta

k:1+k32—m1w2 — k2 —0
—k2 kg — m2w2 o
dan dén
m2w* — 5mkw? + 6k* =0
Giai phuong trinh trén ta thu duge hai nghiém sau
| k 6k
w1 = 7 Wy = —.
m m
Theo cong thiic (3.9)), ta tim dugce ti 1é gitta céc bién do
2 2
€11 — a11W C12 — a12W 1
Co1 = —7§ =2, G2 = —73 =—C.
c12 — a12wWs C22 — A22W5 2

Vay nghiém téng quat mo phéng chuyén dong clia cd hé 1a

x1 = Aysin(wit + a1) + Agsin(wat + az),
1 11
xg = 2A sin(wit + a1) — §A25in(w2t + ag) (3.11)
Thay céc dieu kién bién, ta dudc
21(0) = Aysin(ay) + Agsin(az) =0, Ay = /@@7
%1(0) = Ajwicos(aq) + Agwacos(ag) = 0, ko5
, 1 o] a=0 (3.12)
x2(0) = 24 sin(aq) — iAgszn(ag) =0, 4y — _\/HUO :
29(0) = 241wy cos(ay) — = Aswacos(az) = v, k15
2 ag =0
Vay phuong trinh chuyén dong ciia co hé 1a
2 k
1=, /%%sm(—t) - %% (G—t),
m " (3.13)
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3.2 Dao dong tat dan 33

3.2 Dao dong tat dan

Xét co hé N bac tu do c6 toa do suy rong 1a g1, q2, ..., gn. Gid st tdc dong lén hé ngoai céc lyc
c6 thé con c6 lie can phu thudce vio van toc, nghia 1a

N N N N L
F' =373 o= 3 Al 6i€LN. (3.14)
i=1 j=1 i=1 j=1

Phuong trinh Lagrange II trong truong hop nay duge viét nhu sau:

d oK 0oU
— +—=F €1, N 1
dt aql aqi v’ e ’ (3 5)

Thay dong nang va thé nang trong cong thitc (3.1) va luc can trong cong thic (3.14]) vao phuong
trinh trén, ta thu dugc phuong trinh vi phan chuyén dong rit gon

N N N
> midi+ > Fid+ Y kijg;g =0, i€ LN. (3.16)
Jj=1 Jj=1 J=1

Giai cac phuong trinh vi phan trén, ta sé duge tim duge dang tdng quat ciia cac toa do suy rong.
Ty vao cac gid tri ban dau clia toa do suy rong va van toc clia no, ta sé tim duge cdc phuong
trinh chuyén dong ciia co hé. Cac phuong trinh chuyén dong nay sé c6 dang dao dong tit dan trong
trudng hop cac luc can nhé hoiic chuyén dong cham dan trong trudng hop luc can lén.

Vi du 3.3. Con lic don dudc thiét ké gom vat nang khoi lugng m va thanh cing chiéu dai
I. Cho hé vat gom hai con lic don dugc treo cach nhau mot khoan d. Tai trung diém cac thanh,
ngudi ta gan mot 1o xo c6 do cing k va chiéu dai lic khong bién dang 1a I. Ngudi ta gin vao giita
hai vat ning mot thiét bi tao lyc can ti 16 véi van toc tuong téc giita hai vat ning. Tai thoi diém
ban dau cac thanh dugce kéo léch cac goc lan lugt 1a @1 v @, Biét ring goc dao dong ciia cic vat
nang la nhé.
Tim phuong trinh chuyén dong ciia he.

Vi du 3.4. Hai 10 xo ¢6 chiéu dai lan lugt 1a 1, I3 vA do cting lan lugt 1a kq, ko. Mot vat ning
khéi lugng m dude dit lén hai 1o xo trén nhu hinh vé. Biét vat nang chiu luc can ti 1é v6i van toc
khéi tam vat bdi he s6 .

Tim phuong trinh chuyén dong ciia he.

3.3 Dao dong cudng btc

Xét he N bac tu do ¢ cac toa do suy rong 1a g1, g2, ..., ¢, chiu Iitc tac dung 1a hyc c6 thé, Iyc
can va lue kich dong. Phuong trinh Lagrange II trong trusng hop nay dude viét nhu sau:

d 0K 00U -
il + —=F"+0Q; , €1, N. 1
dt 9q;  0q; g v ved (3.17)

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

34 Dao déng ctia hé nhiéu bac tu do

Thay dong nang va thé nang trong cong thitc ([3.1)) va Iyc can trong cong thic (3.14]) vao phuong
trinh trén, ta thu duge phuong trinh vi phan chuyén dong rit gon

N N N
> midi+ Y Aia+ Y ke =@Qi, i€ 1N, (3.18)
i=1 =1 =1

Giai cac phuong trinh vi phan trén, ta sé duge tim duge dang tong quat ciia cic toa do suy rong.
Ty vao cac gid tri ban dau clia toa do suy rong va van toc ciia no, ta sé tim dude cac phuong
trinh chuyén dong cia co he. Cac chuyén dong nay hét sic phiic tap va phu thudc nhiéu vao e
can cting nhu lyc cudng bic.

3.3.1 Dao dong cudng bitc khéong cé luc can

Phuong trinh chuyén dong clia co hé trong trudng hop nay 1a

N N
> midi+ > kijgy = Qisin(¢t+B), i€ 1N, (3.19)
P =1
Ta c6 thé viét lai trong truong hgp tong quat nhu sau
a11G1 + a12ga + ... + aiNGN + €11g1 + c12q2 + ... + cingn = Q1
ao1G1 + aada + ... + aaNGN + €21q1 + €22q2 + ... + cangn = Q2 (3.20)

an1¢1 + an2ga + ... + anngn + cn1q1 + en2g2 + ..+ enngy = QN

Khi d6 nghiém ctia phuong trinh hé trén gom nghiém téng quat ciia phuong trinh thuan nhat dugc
xac dinh béi va nghiém riéng ctia phuong trinh khong thuan nhat. Ta tim nghiém rieng dé6
duéi dang

g = Bjsin(¢t + ), je1,N. (3.21)

thay phuong trinh trén vao (3.19)) ta thu dugc he

Bi(ci1 — a11¢?) + Ba(ciz — a12¢?) + ... + By(cin — a1nd?) = Q1

Bi(ea1 — a210?) + Ba(ca2 — a22¢%) + ... + By (con — aan¢?) = Q2 (3.22)

Bi(en1 — an19?) + Ba(ena — an29?) + ... + By(eny — annd?) = Qn

Day la heé N phuong trinh ¢c6 N an, ching ta c6 thé tim dugc bién do Bj cta cac nghiém ¢; tuong
ing.
Trong truong hgp ¢6 hai bac tu do, ta tim duge bién do nhu sau

Q1(c22 — azed?) — Qa(cr12 — a12¢?)
(c11 — a11¢?)(c22 — aged?) — (c12 — a120?)?
B Q2(16111 — af1¢2) - Q1(c12 - a12¢%) (3.23)

(c11 — a119?)(c22 — ag2¢?) — (€12 — a12¢?)?

B =

By =
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3.3 Dao dong cudng bic 35

MAu s6 ctia hé trén la da thitc bac hai déi véi ¢?. Mat khac cac tan sb wi,ws cling 1a nghiém ciia
da thitc trén. Nhu vay cong thite bien do B; ¢6 thé viét lai nhu sau

B, — Q1(c22 — aged?) — 2(612 — a12¢?)
(anag — alz)(¢2 wi)(¢? —w3) (3.24)
B Q2(c11 — a119?) — (012 — a120?) ‘
27 (anaz — aly)(¢9? — ) (92 — wj)

V6i ¢ = wy hodc ¢ = wy (tan s6 lyc kich dong bang mot trong cac tan s6 rieng clia he), cac bien
do dao dong cudng biic sé tadng vo han. Ta ¢6 hién tugng cong hudng.

Vi du 3.5. Hai vat nang khéi luong mq, ma dit trén cac 1o xo c6 do cing tuong tng 1a k1, ko
nhw hinh vé. Lyc kich dong @1 tac dung lén vat m; ¢6 dang

Q1 = Qqsin(¢t + beta)

I

m,

Giai
Hé c6 hai bac tu do tng véi toa do theo phuong thing ding clia hai vat. Dong nang va thé nang
ctia cd hé lan lugt 1a
1 . . 1
K =g(mdi +mai), U= (kg +h(e—a))
Phuong trinh Lagrange II viét cho co hé nhu sau

{ midy + (k1 + k2)q1 — kaqe = Q1sin(¢t + beta)
maga — ka2q1 + kago = 0.

Ap dung (??) cho ta nghiém sau
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36 Dao déng ctia hé nhiéu bac tu do

titc 1a vat my khong c6 dao dong cudng biic. Ta c6 thé kiém chiing didu nay bing cach thay nghiem
riéng @ vao phuong trinh thi nhét ctia hé vi phan chuyén dong. Khi dé ta duge

k1 + ko
m1

nghia la ¢ dao dong diéu hoa v6i tan s6 wy = \/ (k1 + k2)/m;.

Vi du 3.6. Cho hé co vat gom hai 1o xo noi tiép nhau nam ngang nhu hinh vé. Biét khoi lugng
clia cac vat nang lan lugt 1& mq, ma va do ciing ciia cac 10 xo lan lugt 1a ki, ko. Tai dau bén trai
16 x0 chiu mot dich chuyén z.(t) = Z.cos(¢t). Biét ring tai thoi diém ban dau cac 10 xo chua bién
dang va vat niang mo dudc truyén mot van tdc vg.

Tim phuong trinh chuyén dong ctia hé.

g1 +

g1 =0

m 11,

|—nTn_ OTT-@ -
R

Giai
Hé c6 hai bac tir do ting véi li do ctia hai vat. Dong nang va thé nang ctia co hé lan lugt 1a
1 e, 1 . 2 1 2 1 2
K = §m1(x1) + §m1($2) ) U= ikl(xl —Ze)  + §k1($2 —x1)

Phuong trinh Lagrange II viét cho co hé nhu sau

miE + kizy — ka(z2 — 21) = ki
moZs + kQ(CL‘Q — $1) = 0.

3.3.2 Dao dong cudng bic c6 luc can

Vi du 3.7. Hai 10 xo c¢6 chiéu dai lan luct 1a 11, ls va do cing lan ludt 1 kq, ko. Mot vat ning
khéi lugng m dude dat len hai 1o xo trén nhu hinh vé. Biét vat nang chiu Iiyc tac dong cudng biic
f(t) theo phuong thing ditng va chiu lyic can ti 1¢ véi van téc khoi tam vat bdi he sb 7.

Tim phuong trinh chuyén dong ciia he.

3.4 Bai tap

Bai tap 3.1. Con lic don dugc thiét ké gom vat ning khoi lugng m va thanh ciing chiéu dai
I. Cho hé vat gom hai con ldc don dugc treo cach nhau mot khodn d. Tai trung diém céc thanh,
ngudi ta gin mot 1o xo c6 do cing k va chicu dai lic khong bién dang 1a . Tai thoi diém ban dau
cac thanh dugce kéo lech cac goc 1an lugt 1a 1 va 9. Biét rang géc dao dong ciia cic vat nang 1
nhé.
a) Tim phuong trinh chuyén dong ctia he.
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3.4 Bai tap 37

b) Trong truong hop hai con lac ¢6 khoi lugng khac nhau, hay tim phuong trinh chuyén
dong ciia hé.

Bai tap 3.2. Hai vat ning khoi lugng mq, mo duge lién két bdi ba 1o xo c6 do cing ki, ko, K/
nhu hinh vé. Biét rang cic 10 xo c6 chiéu dai ty nhién nhu nhau. Cho m; = m, mo = 2m, k1 =
k,ko = 2k, k' = 2k. Tim phuong trinh chuyén dong ctia hé trong cac trudng hgp sau

a) Tai thoi diém ban dau, vat mso dudc truyén van toc vg vé phia trai.
b) Tai thoi diém ban dau, vat m; bi kéo doan z¢ vé phia phai.
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38 Dao déng ctia hé nhiéu bac tu do

Bai tap 3.3. CHo hé nhu hinh vé. Tim phuong trinh chuyén dong ctia hé.

Bai tap 3.4. Cho hinh vuong ABCD canh a. Lo xo thit nhat c¢6 do cing ki va chiéu dai lic
chua biét dang I3 = a/2 dugce diat ¢ dinh mot dau & A con dau kia ndm tai F tréen AB. Dau di
dong F dudc gan vat nang khdi luong mq. Lo xo thit hai ¢6 do ciing ks va chiéu dai lic chua biét
dang Iy = 3a/4 dugc dit c6 dinh mot dau & C' con dau kia nam tai F tréen CD. Dau di dong E
duge gén vat ning khoi lugng mo. Biét a = 60cm, ky = ko = 10kg/s, m; = mg = 071kg. Ban dau
16 xo mot bi kéo mot doan x1 = 5em vé phia B va tha khong van téc dau con 1o xo thit hai dudc
truyén mot van toc v = 1m/s huéng vé D.
a) Tim chuyén dong ctia hai vat nang.
b) Tim chuyén dong clia trung diemM ctia EF va diém H trén EF thoa HF = 2HE.

Bai tap 3.5. Mot toa nha cao tang duge mo hinh héa thanh hai phan nhu hinh bén. Biét khoi
tam ching ndm & tam hinh hoc. Khéi lugng, moment quan tinh (so v6i khéi tam) va chiéu dai ctia
ching 1an lugt 1a myq, I1, 11 va ma, Is, ls. Goi géc quay clia hai phan 14 o1 va ¢o.

a) Viét phuong trinh vi phan chuyén dong ctia hé.

b) Viét phuong trinh chuyén dong ctia hé. Biét ban dau toa nha ding thang ding va
phan trén chiu sitc gi6é khién né c6 van téc géc wy. Cho my = 3m,mg = m;ly = 1y = 3lI; 11 =
mll%/?), IQ == m213/12

c¢) Cau tric clia toa nha sé bi pha héng néu goc nghiéng phan thap 16n hon 3° va goc
nghiéng phan trén 16n hon5°. Tim van téc goc ban dau 16n nhat dé ciu triic toa nha khong bi pha
v3. Tai diém cuc tri d6, phan nao sé bi vé trude?

Bai tap 3.6. Mot 1o xo do cing k chiéu dai tu nhién [.Hai dau 1o xo dudc gan hai vat ning
my va mg. Ban dau 10 xo bi kéo gian doan xg. Biét ms = 2m;. Tim phuong trinh chuyén dong ciia
hai vat trong cac truong hgp sau:

a) Lo xo dugce dit nim ngang.
b) Lo xo duge dit vit qua mot ném hinh nita tam giac déu. Hai vat nang trugt khong
ma sat trén hai méat ném.

Bai tap 3.7. Mot vat nang khéi luong M duge néi véi tudng bang mot 1o xo do cing k. Mot
vat nang m dugc ndi v6i vat ning M bang mot thanh cing khong gidn [.
a) Tim phuong trinh chuyén dong ctia he.
b) Néu vat ning M chiu lyc tac dong F = Fsin(¢t). Tim phuong trinh chuyén dong
cua heé.
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k
}ﬁ'rmwmrr-r

Bai tap 3.8. Hai 1o xo do cing ki, ko, chiéu dai ty nhién [1,ls mot dau dude gan vao tudng
mot dau duge gan vao hai dau thanh dai khéi lugng m chidu dai d.
a) Tim phuong trinh chuyén dong ctia he.
b) Néu thanh chiu Iyc tac dong F = Fcos(¢t) tai trong tam. Tim phuong trinh chuyén
dong cua hé.

ke
(TN

k,
AR

Bai tap 3.9. Hai thanh ciing va mot vat ning m duge gan nhu hé hinh bén. Biét mdi thanh
c6 thé dao dong quanh khép ndi ctia chiing.
a) Tim phuong trinh chuyén dong ctia he.
b) Trong truong hop thanh cé thé co gian, tinh phuong trinh chuyén dong ciia hé.

--—r*——-

77
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