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LOI NOI DAU

Chao mimg quy Thay/Cé gido va cic em hoc sinh dén v6i Physics 2018 series — hé thong tai
liéu Vat li dugc bién soan boi doi ngti Physics Team, hudng toi viée hd trg hoc sinh ndm virng kién
thirc, phat trién tu duy va nang cao nang luc giai quyét van dé.

Chuyén dé Dao dong — Vat li 11 13 mot ndi dung quan trong trong Chuong trinh Gido duc
pho thong 2018. Kién thirc vé dao dong khong chi gitp hoc sinh hiéu duge nhiéu hién twong chuyén
dong co tinh tudn hoan trong ty nhién va ki thuat ma con 1a nén tang dé tiép tuc nghién ciru vé song
co, 4m hoc, dong dién xoay chiéu va nhiéu ndi dung Vat li & cac 16p hoc tiép theo.

Tai liéu duoc xay dung theo dinh hudng 1am rd ban chat vat li, ting cuong kha ning mé
hinh héa, sir dung linh hoat cac biéu dién toan hoc va hinh thanh tu duy giai quyét vin dé. Thay vi
chi ghi nhé cong thire, hoc sinh duge huéng dan nhan dién trang thai dao dong, phan tich mdi lién hé
gitra li do, van toc, gia tde, pha dao dong va nang luong ctia hé.

Noi dung chuyén dé duogc to chirc thanh bon dang chinh:
« Dang 1: Khai thac cac biéu dién ciia dao dong diéu hoa

Hé théng phuong trinh dao dong, dd thi, duodng tron pha va mdi lién hé gitta cac dai luong

dac trung.

e Dang 2: Phan tich trang thai dao dong
Xéc dinh vi tri, chiéu chuyén dong, van tdc, gia tdc, pha dao dong va cac thoi diém dic biét.
« Dang 3: Phén tich niing lwong trong dao dong diéu hoa
Khao sat dong ning, thé ning, co ning va sy chuyén hoa nang lugng trong qué trinh dao dong.
« Dang 4: Dao ddng trong thuc tién
Van dung kién thirc vé dao dong tat dan, dao dong cudng buc va hién tuong cong huong dé
giai thich cac hién twong trong doi séng, ki thuat.
Hé thong bén dang bai duoc sip xép tir co ban dén ning cao, phu hop vé6i nhidu muc tiéu hoc tap:
« Cung cb kién thirc va rén luyén ki nang hoc tap trén 16p.
« Chuén bj cho cac bai kiém tra dinh ki va ki thi t6t nghi¢p THPT.
o Phat trién nang luc van dung danh cho hoc sinh kha, gioi va hoc sinh chuyén.
« Hinh thanh phuong phap phan tich bai toan rd rang, han ché viéc giai bai theo khudén mau.
Dé gitp hoc sinh chuyén hoa kién thirc thanh nang luc giai quyét van dé, mdi dang todn duge trinh
bay theo ciu tric thong nhat:
1. Hé thong li thuyét: Tom tit nhitng kién thiic trong tAm, 1am rd ¥ nghia vat 1i cia cac dai luong va
mdi lién hé giita cac biéu dién cua dao dong.
2. Phwong phap gidi: Xay dung quy trinh phan tich theo tirng bude, gitip hoc sinh lya chon cong cu
phil hop nhur phuong trinh dao dong, 6 thi, hé thire doc 1ap véi thoi gian hodc dudng tron pha.
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3. Hé thong bai tip van dung maiu: Mdi bai duoc trinh bay theo tién trinh:

Pé bai — Pinh huéng tw duy — Huéng din giai — Luu y cho hoc sinh.

Céch trinh bay nay gitip hoc sinh hiéu dugc co sé cua timg budc bién dbi, biét kiém tra két qua va
tung bude hinh thanh phuong phap giai doc lap.

4. H¢ thong ciu tric nghiém tra 10i ngan: Cac ciu hoi dugc xay dung theo dinh hudng danh gia
m&i, chi trong kha niang phan tich dit kién, xir 1i s6 liéu, kiém soét sai s6 va trinh bay két qua chinh
X4c.

Physics Team hi vong chuyén dé nay s& tro thanh tai liéu dong hanh hitu ich d6i véi gido vién
trong qua trinh td chuc day hoc va ddi véi hoc sinh trong qua trinh tu hoc, 6n tap, rén luyén tu duy
Vat li. Mdi bai toan khong chi nham tim ra mot dap s6 ma con l1a co hdi dé hoc sinh hiéu sau hon vé
quy luat dao dong va biét van dung kién thtrc vao nhitng tinh hudng thuc tién.

Physics Team trin trong cam on quy Thdy/Cé gido va cdc em hoc sinh da tin twéng, siv dung tai liéu.

Hé théng phat hanh va cadp nhat tai li¢u tai: https://physicsteam.vn
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DANG 1: KHAI THAC CAC BIEU DIEN CUA DAO PONG PIEU HOA
I. TOM TAT LI THUYET

1. Dao dong co va dao dong tuin hoan

e Dao dong co la chuyén dong qua lai cua mot vat quanh mot vi tri xac dinh goi la vi tri can bc%ng.

e Dao djng tuin hoan la dao ddng ma sau nhitng khodng thoi gian bang nhau, vit tré lai trang thdi
cil, tire la ¢6 cing vi tri va cing chiéu chuyén dong.

o Chu ky la khodng thoi gian ngdn nhdt d@é vt thue hién mét dao déng toan phan, ki hiéu 1a T, don
vi la gidy (s).

o Tén 56 1a s6 dao dong toan phdn vdt thyc hién trong mot don vi thoi gian, ki hiéu la f, don vi la

héc (Hz).

1
=7
- Néu trong khoang thoi gian At, vat thuc hién duoc Ndao dong
toan phan thi:
At N e S
N At
a) b)

2. Dao dong diéu hoa
Dao déong diéu hoa la dao ddng trong d6 li @6 ciia vét la mét ham cosin hodc sin ciia thoi gian.

Phwong trinh tong qudt ciia dao dong diéu hoa:

[~

ANNNANANNNNNANNN

X (cm) 4

¥

1 >
t=5t, =6t t=7ON. ‘t;=8t US)

Dao dong cua con lac 10 xo

|x = Acos(wt + ¢) |

Trong doé:
o x:1i d6 cua vt tai thoi diém t, c6 thé nhan gia tri duong, &m hoac béng 0;
e A:Dbién dg dao dong, A > 0;

e w:tan so goc, w > 0, don vi larad/s;
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o wt + @: pha dao dong tai thoi diém t;
« @: pha ban déu, tirc 1a pha dao dong tai thoi diém t = 0.
- Li d0 cua vat luén thoa man:
-A<x<A
Do do:
A=max| x|
- Bién dd A cho biét d6 1éch 16n nhat ctia vat so véi vi tri cAn bang. Bién d6 ludn 1a mot dai luong
khong am.

3. Céc vi tri dic biét trong dao dong diéu hoa

e Vitricanbang: x =0 , A . A .
e Biénduong:x = A —0 O O—> x
e Bitnim: x = —A Bién am Vi tri can bang Bién dudng

. x=-A x=0 x=A
o Hai vi tri bién 1a hai vi tri cach vi tri can bang mot '

khodng 16n nhét bing A. | L=24
- Khoang céch gitra hai vi tri bién: L = 24

- Néu dé bai cho chiéu dai quy dao dao dong L, bién d6 duogc xac dinh boi: A = g

4. Chu ki, tan so va tan so goc

Gitra chu ki T, tan so fva tan so goc w c6 cac h¢ thirc:

- Trong mot chu ki, pha dao dong tang thém 2.
- Trong khoang thoi gian At, do bién thién pha 1a: A8 = wAt
- Néu pha ting thém: A@ = 2k thi vat trd lai dung trang thai cii, voi k 13 sb nguyén.
5. Pha dao djng va trang thai dao dong
- Pha dao dong tai thoi diém t 13: 0 = wt + ¢
- Pha dao dong x4ac dinh trang thai cta vat, bao gém:
e vitricua vat;
o chiéu chuyén dong cua vat.
- Hai vat dao dong diéu hoa c6 cung bién d6 va cung tan s6 goc:
x, = Acos(wt + ¢4)
x, = Acos(wt + ¢,)
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- B9 1éch pha gitra hai dao dong:

1L

X (m) 4
Ap = @2 — ¢4 A
Cac truong hop thwong gap:
o Hai dao dong cung pha: Ap = 2kn 0
o Hai dao dong nguoc pha: Ap = 2k + 1)
o Hai dao dong vudng pha: Ap = % + km -

voi k € Z.
Pha ban dau phu thudc vao:
o trang thai cua vat tai thoi diém chon lam géc
thoi gian;
o chiéu duong cua tryc toa do;

e vitri dugc chon lam gbc toa dg.

N|—

AN
\>< t(s)

Do thi ciia hai vit dao dong diéu hoa

cung, cung bién do nhung dao dong 1

som pha hon dao dong 2 géc%

Vi vay, khi thay doi gdc thoi gian hodc chiéu duong, phuong trinh dao dong c6 thé thay d6i nhung

chuyén dong thuc té cta vat khong thay doi.

6. M6i lién hé giira dao dong diéu hoa va chuyén dong tron déu

- Dao dong diéu hoa c6 thé dugc biéu dién bang hinh chiéu
ctia mot diém chuyén dong tron déu 1én mot dudng kinh cua
duong tron.
- Xét diém Mchuyén dong tron déu trén dudng tron tim O,
ban kinh 4, véi toc dd géc w. Tai thoi diém ¢ = 0, ban kinh
oM hop v6i chiéu duong mot goc ¢.
- Sau thoi gian t, goc quay cia ban kinh 1a: 8 = wt + ¢
- Hinh chiéu ctia M1én truc Oxc6 toa do: x = Acos(wt + )]
Do do:

« ban kinh dudng tron bang bién do A;

o tdc d6 goc cua chuyén dong tron bang tan s6 goc w;

e goc cua ban kinh quay tuong tng v6i pha dao dong.

ot !

é

-A (0} M’ (Mchiéw) A
vitricinbing  x=0Q

Pudng tron biéu dién pha gitip xac dinh nhanh vi tri va chiéu chuyén dong cua vat.

7. Biéu dién phwong trinh dao dong dudi dang sin va cos

- Mot dao dong dieu hoa co6 thé dugc viét dudi dang ham cosin hodc ham sin.

Dang cosin: x = Acos(wt + @)
Dang sin: x = Asin(wt + ¢")

- St dung céc hé thuec: sin @ = cos (g —a)

. T
cosa = sin (; +6¥)

Ox
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- Ta co: Asin(wt + ¢') = Acos (wt + @' — %)

Vi vay:

- Mot s6 phép bién doi thudong dung:
—Acosa = Acos(a + m)
—Asin @ = Asin(a + )
cos(—a) = cosa
sin(—a) = —sina
- Theo quy uédc, bién d6 phai duong. Néu hé s6 trude ham sin hodc cos am thi phai chuyén diu 4m
vao pha.
Vi du:
x = —5cos (4nt+§)
duoc viét lai thanh:
x = 5cos (47rt+ 4?”)
Hai pha sai khac nhau mot boi nguyén ctia 27 biéu dién cting mot trang théi:
o' =@+ 2kn,keZ
8. Xdc dinh phwong trinh dao dong tir trang thai ban dau
- Phuong trinh dao dong: x = Acos(wt + ¢)

- Tai thoi diém t = 0: x, = Acos @

- Van tdc ciia vat: v = —wAsin(wt + @)
- Tai thoi diém t = 0: v, = —wAsin ¢
= cosp =" sing = -2
‘P - a4’ ‘P - wA
- Bién d0 duoc xac dinh boi:
2
v
— 2,0
A= [x5+ o2

- Khi x4c dinh pha ban dau, khong nén chi str dung cong thirc tang vi cong thirc tang khong xéac dinh
duy nhit goc. Can két hop dong thoi:
cos@Q =—
va dau cua van tde:
vy = —wAsin @

Ciac trang thai ban dau dic biét:
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e Vat ¢ bién duong: xy = A,vy = 0 chon: ¢ =0

e Vatdbiénam: xy = —A, vy =0chon:p =7

« Vit qua vi trf can bang theo chiéu duong: x, = 0,v, > 0. chon: ¢ = —g

« Vit qua vi tri cAn bang theo chidu am: x, = 0, v, < 0 chon: ¢ = g
9. Pdi goc thoi gian
- Gia sir phuong trinh dao dong theo gdc thoi gian cii 1:

x = Acos(wt + @)
- Chon gdc thoi gian m&i tai thoi diém t = t,cta hé quy chiéu cil.
- Goi thoi gian tinh tir gbc moéi 1a t', khi do:
- Thay vao phuong trinh dao dong:
x = Acos[w(t' + ty) + ¢]

Suy ra:

x = Acos[wt’ + (wty + (p)]|

- Pha ban déau theo gdc thoi gian méi 1a:
@' = wty + ¢

Khi déi goc thoi gian:

« bién do A khong thay doi;

« tan sb goc w khong thay doi;

« chu ki va tan sd khong thay doi;

o chi c6 pha ban dau thay doi.
10. Do thi li d6 — thoi gian

D) thi biéu dién su phu thudc cua li d6 x vao thoi

x(cm) 4
gian tla mot duong hinh sin. 20+
Vé6i phuong trinh: \ /\
= 0 >
. x = Acos(wt + @) 0,5 15 | 2.8 B,5 t(s)
d6 thi x — t co6 cac dac diem:
‘ -20-
e gid tri 16n nhat: x4, = A
e gi4 tri nho nhit: x,,;, = —A Pothix-t(A=20cmT=15)

o d0 thi l3p lai sau mdi khoang thoi gian bang chu ki T;
« khoang thoi gian giira hai dinh lién tiép hodc hai day lién tiép bang T}
« khoang thoi gian tir mot dinh dén day gan nhat bang: g

« khoang thoi gian giira hai 1an lién tiép vat qua vi tri can bang bang: g

Physics Team|| https://physicsteam.vn <Trang 10>
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o khodng thoi gian tir vi tri can bang dén bién gin nhit bang: g
Do dbc cua d6 thi x — ¢ tai mot thoi diém cho biét dau cua van tde:
« @0 thi dilén: v > 0, vat chuyén dong theo chiéu duong;
o db thi di xudng: v < 0, vat chuyén dong theo chiéu am;
« tai dinh hodc day ctia d6 thi: v = 0
11. Xac dinh cac dai lwong tir d6 thi x — t
a) Xac dinh bién do
- Bién d9 bang gié tri 16n nhat cia do 16n 1i do:
A=max| x|
- Néu d6 thi biéu dién toa d6 tuyét dbi X, khong 1y truc tiép gia tri 16n nhat cia X 1am bién do.

Khi do:

ch — Xmax 'Zl' Xmin
Xmax Xmin
A=
2
Li d0 duoc xac dinh boi:
X = X - ch

b) Xac dinh chu ki
Chu ki 13 khoang thoi gian ngén nhét giita hai trang thai gidng nhau lién tiép.
C6 thé xac dinh T bang khoang thoi gian gitra:
« hai dinh lién tiép;
« hai day lién tiép;
« hai lan lién tiép qua vi tri can bang theo cing mot chiéu;
« hai diém bat ki c6 cung li d6 va cung chiéu chuyén dong.
Khéng duoc 1y khoang thoi gian giira hai 1an lién tiép vét c6 cing li d6 nhung chuyén dong nguoc
chiéu 1am chu ki.
¢) Xac dinh tin s6 va tin s6 goc
1 2w

Sau khi x4ac dinh duge T: f = W=
d) Xac dinh pha ban diu

Tai t = 0, doc li do x,trén db thi:
Xo
cosp = 1
Sau d6 quan sat chiéu bién thién cua do thi:
« @0 thi di 1én thi vy > 0;

o d0 thi di xudng thi v, < 0.
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Két hop voi:
Vo = —wAsin @
dé chon dung pha ban dau.
12. Lap nhanh phuong trinh tir cic diém dic biét trén do thi
- Néu tai thoi diém t = t,, vat & bién duong thi ¢ thé viét:
x = Acos[w(t — ty)]
- Néu tai thoi diém t = t,, vat & bién 4m thi co thé viét:

x = —Acos[w(t — ty)]

- Néu tai thoi diém t = t,, vat qua vi tri can bang theo chiéu duong thi co thé viét:

x = Asin[w(t — ty)]
- Néu tai thoi diém t = t,, vat qua vi tri can bang theo chiéu am thi c6 thé viét:

x = —Asin[w(t — ty)]

Céc biéu thtrc trén gitp 1ap phuong trinh dao dong truc tiép tir dd thi ma khong can giai phuong trinh

luong giac tim pha ban dau.

13. Lap phwong trinh dao dong tir bang s6 liéu hoic két qua thi nghiém
Khi x1r 1i bang s6 liéu hoac két qua do, thuc hién theo cac budc:

Budc 1. Xac dinh vi tri cAn bing

Néu s6 liéu 1a toa do tuyét d6i X:

ch — Xmax -2|' Xmin
Budc 2. Chuyén toa dd thanh li do
x=X—- ch
Buéce 3. Xac dinh bién d¢
Xmax — Xmi
A — max 2 min

Buéc 4. Xac dinh chu ki
Tim khoéng thoi gian giita hai trang thai giéng nhau lién tiép:
T = tz - tl

Néu so6 liéu dugc ghi trong nhi€u chu ki, nén tinh:

At
=
dé giam sai s6.
Buée 5. Xac dinh tin sé géc
2n
=T

Buéc 6. Xac dinh pha ban diu

Physics Team|| https://physicsteam.vn
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Str dung 1i d¢ tai thoi diém duoc chon 1am géc thoi gian va chiéu chuyén dong cua vat:
Xo = Acos @
Vo = —wAsin @
Buéc 7. Viét phwong trinh dao dong
x = Acos(wt + @)
Khi xir 1i két qua thi nghiém, sb lidu co thé co sai s6 nén céc gid tri cuc dai va cuc tiéu do dugc khong
hoan toan dbi ximg. Can sir dung nhiéu 1an do hodc dudng cong phi hop nhat dé xac dinh A, Tva vi
tri cAn bang.
14. Nhan biét mot dao dong diéu hoa
Mt chuyén dpng la dao dong diéu hoa néu théa man mét trong cdc diu hiéu sau:
« 1i 6 bién thién theo ham sin hodc cos cua thoi gian:
x = Acos(wt + @)
o giatdc ti 16 v6i li @6 va ludn hudng vé vi tri can bang:
a=—w?x
« chuyén dong c6 thé dugc biéu dién bang hinh chiéu ctia mot chuyén dong tron déu 1én mot
duong kinh.
Khong phai moi dao dong tudn hoan déu 1a dao dong diéu hoa. Mot chuyén dong chi 1ap lai sau
nhirng khoang thoi gian bang nhau chwa du dé két luan d6 1a dao dong diéu hoa.
II. GHI NHO NHANH

* Phwong trinh dao dong:

|x = Acos(wt + )|

* Chu ki, tan so va tan so goc:

T=—;f== w=2nf

* Bién do¢:
A=max | x|
* Néu biét trang thai ban dau:

X9 = Acos ¢

Vo = —wAsin @

2

1%
A= |[x2+2
0 w2
* Néu do thi biéu dién toa dj tuyét doi:
Xmax + Xmin
XCb - 2
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. Xmax — Xmin

* Khi doc dd thix — t:
o d0 cao cuc dai cho biét bién do;
« khoang thoi gian 13p lai trang thai cho biét chu ki;
o db thi di lén twong tmg v > 0;
o db thi di xudng twong tmg v < 0;

« pha ban dau phai dugc xéac dinh tir ca li d6 va chiéu chuyén dong.

II1. BAI TAP VA DUNG

@ PT |Bai 1: Phan tich dir li¢u tir cim bién dao dong
Trong mot thi nghiém khéo sat dao dong cia mot vat grfln véi 10 xo, cam bién chuyén dong ghi

lai i d0 cua vat theo thoi gian nhu bang duoi day:

Thoi gian t(s) (0,00 0,25 0,50 0,75 1,00 1,25 1,50 1,75 (2,00

Li do x(cm) 3,98 10,05 -3,96 | —-0,04 4,01 |—-0,03|—4,0210,04 (3,97

Biét sai sb tuyét d6i cua moi phép do khong vuot qua 0,05 cm. Trong khoang thoi gian khao sat, coi
anh huong cta luc can 1a khong dang ké.

a) Dua vao bang s liéu, hay kiém tra xem s6 liéu thu duge co phu hop vo1 mo hinh dao dong
diéu hoa hay khong. Giai thich.

b) Xéc dinh gan dang bién do, chu ki, tan s, tan sd goc va viét mot phuong trinh dao dong gan
dung phu hop véi sb lidu.

¢) Str dung phuong trinh vira 1ap dé du doan li d6 cua vat tai thoi diém ¢t = 1,35 s. Nhém hoc
sinh tién hanh do kiém chimng tai thoi diém nay va thu duoc x4, = —2,32 cm.

- Tinh d6 1éch tuyét di va do léch twong ddi giira gia tri du doan véi gia tri do duoc.

- Nhan xét vé do tin cay cia mo hinh dao dong da xay dung.

@ PT |Bai 2: Khai thac d6 thi dao dong
M6t cam bién chuyén dong ghi lai li d§ ciia mot vat dao dong diéu hoa theo thoi gian. Sau khi

xtr 1i dit liéu, phan mém thu dwgc d6 thi nhu hinh dudi day. Li do xduoc tinh tir vi tri cin bang.
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D6 thi li d6 - thai gian

00 05 10 15 20 25 30 35 40
t(s)

a) Tur d6 thi, xac dinh bién d6, chu ki, tin sd va tan s6 goc cia dao dong.
b) Xéc dinh pha ban dau trong khoang —m < ¢ < 7 va viét phuong trinh dao dong cta vat dudi
dang: x = Acos(wt + ¢).
¢) Mot cam bién thir hai bat dau ghi dir liéu tai thoi diém cam bién thir nhat chi t = 0,50 .
Hai cam bién st dung cing géc toa do va ciing chiéu duong. Goi 7, tinh bang gidy, 13 thoi gian ké tir

lac cam bién thi hai bat dau hoat dong. Viét phuong trinh dao dong ctia vt theo 7.

@ PT |Bai 3: Xay dung phuong trinh dao ddng tir nhiéu biéu dién
Ba nhom hoc sinh cung xu li dir liéu vé dao dong cua mot vat gén voi1 10 xo. Cac nhom st dung cung
mot truc toa do c6 gdc tai vi tri can bang, cing chiéu duong va cing gdc thoi gian.
Nhoém 1 xac dinh dugc bién d§ dao dong 1a 6 cmva chu ki dao dong 1a 2,0 s.
Nhoém 2 ghi nhan tai thoi diém t = 0, vat c6 li d6 3 cmva dang chuyén dong theo chiéu duong.
Nhém 3 x4c dinh 1an d4u tién sau thoi diém ¢t = 0, vat di qua vi trf can bang theo chiéu 4m tai thoi diém

t—5
—gS.

Coi sai s6 ctia cac phép do 1a khong dang ké.
a) Kiém tra xem két qua ctia ba nhém c6 tuong thich véi cing mét dao dong diéu hoa hay khéng.
b) Xéc dinh pha ban dau trong khoang —m < ¢ < 7 va viét phuong trinh dao dong ctia vat dudi
dang x = Acos(wt + ¢).
¢) Mot hoc sinh viét phuong trinh dao dong dudi dang x = 6sin (nt+ %) (cm). Phuong trinh nay

cd mo ta ding dao dong dugc xac dinh & cau b hay khong? Giai thich.

@ PT [Bai 4: Khai thac dir liéu tir caim bién gia téc

Trong mot thi nghiém khao sat dao dong cua ban rung, cam bién gia tdc duoc dit theo phuong
dao dong. Sau khi hi€u chinh cam bién va xur li dit liéu, ph?m mém thu dugc biéu thire gia tdc cua ban
rung:

a = —3,20cos (47Tt+ %) (m/s?),
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trong d6 tduogc tinh bang gidy. Coi ban rung dao dong didu hoa theo mot phwong thing.
a) Xac dinh tan sb gdc, chu ki, tan sd va do 16n gia tdc cuc dai ctia ban rung.
b) Tir dit liéu gia téc, xac dinh bién d6 va viét phuong trinh li d6 ctia ban rung, trong d6 xduogc
tinh bang milimét.
¢) Mot phan mém khéc biéu dién dao dong ctia ban rung bang phuong trinh:
x = 20,3sin (4mt+ ") (mm).
Tir phuong trinh ndy, hiy suy ra biéu thic gia toc cta ban rung va kiém tra xem két qua c6 phu hop

v6i dir 1i€u cia cam bién gia toc hay khong. Giai thich sy sai khac néu co.

@ PT |Bai 5: Panh gia mo hinh dao dong tir két qua thi nghiém
Mot nhém hoc sinh khéo sat dao dong ctia mot vat gan véi 10 xo bang cam bién chuyén dong.

Sau khi xtr 1i dit liéu, nhoém ghi nhan ba 1an lién tiép vat dat bién dwong nhu sau:

Lan do 1 2 3
Thoi diém t(s) 0,18 0,98 1,78
L1 do cuc dai do dugc (cm) 4,92 4,88 4,84

Ngoai ra, tai thoi diém t = 0,70 s, cam bién do duoc:
X4o = —2,75 cm.

Mot hoc sinh léy bién dd dai dién béng gia tri trung binh cua ba li d6 cuc dai va dé xuét mo hinh:
5t
x = 4,88cos [7 (t— 0,18)] (cm).

Trong khoang thoi gian khao sat, mé hinh duoc xem 13 phu hop néu d6 1éch gitra gia tri du doan va
gia tri do khong vuot qua 3% bién do dai dién.

a) Tu bang s6 liéu, x4c dinh chu ki dao dong. Nhan xét su thay ddi cua li d6 cuc dai va cho biét
c6 thé st dung mé hinh dao dong diéu hoa dé mo ta gan dung chuyén dong trong khoang thoi gian
khao sat hay khong.

b) Kiém tra xem phuong trinh do hoc sinh dé xuét co phu hop voi s6 liéu thuc nghiém tai t =
0,70 s theo tiéu chi da cho hay khong.

¢) Néu xu hudng giam cua li do cuc dai tiép tuc trong thoi gian dai, mo hinh trén con phu hop

hay khong? Giai thich.
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IV. BAI TAP TRAC NGHIEM TRA LOI NGAN
& PT [Bai 6: Khai thac d thi dao dong .

Do thi dudi day biu dien sy phu thudc cua li d x theo thoi  «+
gian t cia mot vat dao dong diéu hoa. Tdc d6 cua vat tai thoi

diém t = 0,15 s bang bao nhiéu cm/s? Két qud lam tron dén chit o 10)

s0 hang phan muoi.

Dépsf):] | | | | -4+

@ PT [Bai 7: Chuyén déi giira cac biéu dién ciia dao dong

Mot vt dao dong diéu hoa c6 phurong trinh 19 x = 6cos (Smt—2) (cm), trong b ttinh bing giy.
Chon thoi diém déu tién sau t = 0 ma vat co 1i @6 x = 3 cm lam gbc thoi gian méi. Goi 7 13 thoi gian tinh tir
gdc thoi gian méi. Phuong trinh dao dong cuia vat theo 7 dugce viét dudi dang x = 6sin(57t + @) (cm), voi
-1 < ¢ < m. Giatri cia @, tinh theo don vi d9, béng bao nhiéu?
bap sé:’ | | | |

@ PT |Bai 8: Khai thac biéu dién vén toc
Mot vat dao dong diéu hoa co phuong trinh véan toc v = —207msin (57rt+ %)(cm/s), trong do t

tinh bang gidy. Tinh tir thoi diém t = 0 dén khi gia tdc cia vat dat gia tri cuc dai duong lan thir hai,
vat di duoc quing dudng bao nhiéu centimét? Két qua lam tron dén chit s6 hang phan muoi.

Dépsé:] | | | |

@ PT |Bai 9: Déi chiéu phwong trinh véi do thi
Do thi dudi ddy biéu dién dao dong diéu hoa cia ™
mot Vat. 1

C6 bdn phuong trinh sau:

(1) x = 5cos (2nt+ g), t(s)

(2) x = 5sin(2mt),
- _r

(3) x =5cos (Znt 2),

(4) X = SSin(T[ + Znt)_ 0 025 05 075 10 125 |55 175 20

C6 bao nhiéu phuong trinh biéu dién ding dao dong trén?
bap sé:’ | | | |
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@ PT |Bai 10: Khai thac dir liéu toa d§ va doi géc thoi gian

Mot cam bién chuyén dong ghi lai toa do Xcuia mot vat dao dong diéu hoa trén mot truc théng.
Két qua xtr li dit lidu cho thay:

o Toa dd 16n nhat va nho nhit cia vat 1an luot 13 18 cm va 6 cm.

« Hai thoi diém lién tiép vat dat toa ¢ 1on nhatlat, = 0,20svat, = 1,40s.

e Tait =0, vatcodtoaddX = 15 cm va toa do dang tang.
Goi x 13 1i 6 cta vat tinh tir vi tri cAn bang. Mot cam bién thir hai bat dau tinh thoi gian tai thoi diém
t = 0,50 s ciia cam bién thir nhat. Goi 7 1a thoi gian tinh tir lic cam bién thtr hai bat dau hoat dong.

Phuong trinh dao dong theo T duge viét dudi dang

51
x = 6 cos (?T + (p’) (cm),

trong 46 —180° < ¢’ < 180°. Gi4 tri cua ¢’, tinh theo d9, bang bao nhiéu?
bap sé:’ | | | |
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HUONG DAN GIAI CHI TIET - DANG 1

& PT [Bai 1: Phan tich dir liéu tir caim bién dao dong

PINH HUONG TU DUY
Buéc 1. Quan sat sy 13p lai ctia cac trang thai gan bién duong, bién 4m va vi tri cin bang.
Buéc 2. Xac dinh bién do tir cac gia tri li d6 c6 do 16n 16n nhat; xac dinh chu ki tir khoang thoi
gian giira hai trang thai giéng nhau lién tiép.
Bude 3. Tinh f, w, xac dinh trang thai cua vattait = 0 dé chon pha ban dau va lap phuong trinh
dao dong gan dung.
Buéc 4. Dung phuong trinh dé dy doéan li d9, sau d6 so sanh véi gia tri do kiém ching va sai s6
clia cam bién.
HUONG DAN GIAI CHI TIET
a) Kiém tra sy phit hop véi mé hinh dao dong diéu hoa
Tt bang s6 liéu, ta nhan théy:
-Tait =0,00s,t =1,00svat = 2,00s, vat déu & gﬁn vi tri bién duong: x = 4,0 cm.
-Tait =0,50svat=1,50s, vit & gan vi tri bién &m: x ~ —4,0 cm.
-Tait =0,255s,0,75s, 1,25sva 1,75 s, vat & gﬁn vi tri can béng: x = 0.
- Céc trang thai bién duong lap lai sau moi khoang 1,00 s; trang thai bién am ciing ldp lai sau moi
khoang 1,00 s. Khoang thoi gian tir bién dwong dén vi tri can bang gan nhét 14 0,25 s, bang mot phan
tu chu ki.
- Cac gia tri do duoc chi sai khac rat nho so voi ddy gia tri i tuong:
4: 0; —4;0; 4; 0;, —4; 0; 4.
Do 1éch 16n nhat 13: 0,05 cm, khong vuot qué sai s6 cho phép cta cam bién.
Vi vdy, trong pham vi sai s6 do va trong khodng thoi gian khdo sdt, sé liéu phit hop véi mé hinh dao
déng diéu hoa.
b) Xac dinh cac dai lwgng dac trung va phwong trinh dao dong
* Xac dinh bién d¢
- Cac gia tri g?ln vi tri bién ¢6 @0 16n: 3,98; 3,96; 4,01; 4,02; 3,97 cm.
- C6 thé 1y gia trj trung binh:
398+3,96 +4,01+ 4,02+ 3,97

S = 3,988 cm.
Lam tron:
A= 400em]
* Xac dinh chu ki
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- Trong khoang tur t = 0dén t = 2,00 s, vat thuc hién gén ding hai dao dong toan phén. Do do:

T_At_2,00_100
N 2 U
* Xac dinh tan sb: f = % = ﬁ = 1,00 Hz.
Suy ra:
f = 1,00 Hz|
* Xac dinh tan s6 goc: w = 2?7: = % = 2m rad/s.

* Viét phwong trinh dao dong
- Phuong trinh dao dong c6 dang:
x = Acos(wt + ¢).
-Tai t = 0, vat & gan bién duong nén:
x(0) = A.
- Do d6 ¢6 thé chon:
@ = 0.
Vay mot phuong trinh dao dong gan ding phu hop véi s6 liéu 1a:

x = 4cos(2mt) (cm)|

¢) Du doan li d§ va danh gia do tin ciy ctia mo hinh
- Tai t = 1,35 s, theo phuong trinh vira 1ap: x = 4cos(2m - 1,35).
-Tacod: 2w - 1,35 =2,7m.

Do do:
x = 4cos(2,7m) = 4cos(0,7m).
Voi:
cos(0,7m) = —0,5878,
suy ra:
Xy dotn ~ 4+ (—0,5878) =~ —2,35 cm.
Vay:

deu doén = —2,35 cml.

Gia tri do kiém chimg la:
X4 = —2,32 cm.
* P 1éch tuyét ddi
Ax = x40 — Xdy dosn |-
Ax =] =2,32 — (—2,35) |= 0,03 cm.
Vay:
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[Ax = 0,03 cm]|.

* P léch twong doi

- Lay gia tri du doan 1am gia tri tham chiéu:

5= -100%.
|xdudoén |

5= 0,03 100% =~ 1,3%

~ 235 0= B

Vay:

5~ 15%)

- Do sai s6 tuyét d6i cua phép do khong vuot qua 0,05 cm, gia trj thuc tng véi két qua do c6 thé nam

trong khoang:
-2,32-0,05<x<-2,32+0,05,
hay:
—237cm < x < —2,27 cm.
- Gid tri dy dodn: x4y gosn = —2,35 cm nam trong khoang trén. Pong thoi:

Ax = 0,03¢cm < 0,05 cm.
Vi viy, md hinh dao dong diéu hoa di xiy dung phi hop kha tot véi so liéu thwe nghiém trong
khoang thai gian khao sat.
Tuy nhién, két qua chi cho thdy mé hinh phu hop trong pham vi s6 liéu da do, khong chimg minh

chuyén dong thuc té 1a dao dong diéu hoa li twong trong moi khoang thoi gian.

LUU Y CHO HQC SINH
* Khi xur li dir li¢u thuc nghi€m, cac gia tri do khong nhat thi€t trung hoan toan voi gia tri 1i tuong.

* Nén xac dinh chu ki tir nhiéu dao dong: T = %, dé giam anh huong cia sai sé do.
» Khi vat & gan bién duong tai thoi diém chon lam gbc thoi gian, c6 thé chon gan dung ¢ = 0.
Mot md hinh duoc xem 1a phu hop khi d6 1éch gitta du doan va thuc nghiém nho, dong thdi ndm

trong gidi han sai s6 cua dung cu do.

@ PT |Bai 2: Khai thac d6 thi dao dong
PINH HUONG TU DUY
Budée 1. Poc bién do tir cac gia tri cuc dai, cuc tiéu cua li do; xac dinh chu ki tur khoang thoi gian
giita hai trang thai giéng nhau lién tiép.
Bude 2. Tai t = 0, doc li do va chiéu bién thién cua d6 thi dé xac dinh pha ban dau.
Bude 3. Khi d6i gbc thoi gian, thiét 1ap mbi lién hé giira thoi gian cii tva thoi gian méi 7, sau do

thay vao phuong trinh ban dau.
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HUONG DAN GIAI CHI TIET
a) Xac dinh cac dai lwgng dac trung
- Tix d6 thi, i dd cuc dai va cuc tiéu 1an luot 13 +6 cmva —6 cm, nén

A=6cm.

- Hai 14n lién tiép vat dat bién duong xay ra vao khoang t = é svat = g s. Do d6

7 1
T=§—§=2s.
Suy ra
f=l=0,5Hz,w =2—7T=7rrad/s.
T T
Vay

|A =6cm, T =2s,f =0,5Hz, 0w = mrad/s.

b) Xac dinh pha ban diu va viét phwong trinh dao dong

- Phuong trinh dao dong c6 dang: x = 6cos(mtt + ¢) (cm).

-Tait =0, ttrdéthitac()xo = 3 cm, nén: 6cosp =3 = cos@ = %
Suyrap =+ g

-Tait =0, d6 thi dang di 1én nén li d tang, tic la vat chuyén dong theo chiéu duong: vy > 0.
-Mav = —wAsin(wt + @), néntai t = 0: —wAsing > 0 = singp < 0.

T
$g0=—§.

- Phuong trinh dao dong cua vat la: |x = 6cos (T[t— g) (cm).

¢) Viét phwong trinh dao ddng theo thoi gian méi

- Cam bién thir hai bat dau tinh thoi gian khi cam bién thtr nhat chi t = 0,50's. Vi vay t = 7 + 0,50.
- Thay vao phuong trinh dao dong ban dau: x = 6cos [T[(T + 0,50) — %]

Rut gon:
s

x = 6cos (m’ + g - §) = 6cos (T[‘L’+ %)

Vay phuong trinh dao dong theo thoi gian 7la

X = 6c0S (T[‘L’+ %) (cm).

LUU Y CHO HQC SINH
* Khi doc do thi x — t, d§ doc ctia do thi cho biét dau ctua van toc: do thi di 1én thi v > 0, d6 thi di

xudng thi v < 0.
* Mot gié tri ctia cos @thuong cho hai nghiém; phai két hop thém chiéu chuyén dong dé chon dung

pha ban dau.
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* Khi d6i gbc thoi gian mudn hon t,, can viét ding quan hé t = T + t,, khong duogc thay truc tiép
t=1— to.

* Viéc d6i gbe thoi gian chi 1am thay doi pha ban dau; bién do, chu ki, tin s va tan sé goc khong doi.

@ PT |Bai 3: Xay dung phuong trinh dao ddng tir nhiéu biéu dién
PINH HUONG TU DUY

Buéc 1. Tir bién d6 va chu ki do nhom 1 xé4c dinh, tinh tan sé goc.

Buéc 2. Str dung li 6 va chiéu chuyén dong tai t = 0dé x4c dinh pha ban dau.

Buée 3. Dung phuong trinh vira tim dugc dé kiém tra thoi diém vat qua vi tri can bang theo chiéu

am do nhom 3 xac dinh.

Buéc 4. Chuyén d6i giita ham cosin va ham sin dé kiém tra phwong trinh & cau c.
HUONG DAN GIAI CHI TIET
a) Kiém tra tinh twong thich ciia két qua ba nhém
* Theo két qua cuanhom 1: A =6cm, T = 2,0s.
- Tan s goc cua dao dong 1a: w = 2?” = 2?” = mr rad/s.
- Phuong trinh dao dong c6 dang: x = 6cos(mct + ¢) (cm).
* Theo két qua cua nhom 2, tai t = 0, vatco li do

Xo =3 cm = 6Cos@ =3 = cosP =%=><p =ig.
- Van tbc ctia vat: v = —6msin(rt + ¢).
- Tai t = 0, vat chuyén dong theo chiéu duong nén v, > 0.
= —6nsing > 0 = sing < 0.
- Trong hai gia tri ¢ = + g, gia tri théa man la: ¢ = — g
Vi vay, tir két qua ciia nhém 1 va nhom 2, ta c6 phuong trinh:
x = 6cos (n’t— g) (cm).
* Bay gio kiém tra két qua cia nhom 3.
- Vat di qua vi tri can béng khi x = 0.
- Pé vat di qua vi tri can béng theo chiéu am, can c6 thém diéu kién v < 0.
- bat pha dao dong: 8 = mt — g
- Tai vi tri can béng: cosf = 0.
- Vat chuyén dong theo chiéu 4m khi
v = —6nsinfd <0 = sinf > 0.

Do dé:
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T
6 =E+2k7'[,k€Z.

ot kst =2 42k
Ty T T E =g T Ak

o lun

- Thoi diém duong dau tién tng voi k = 0:t = 2 .
- Két qua nay dung voi s6 liéu ciia nhom 3.

Vay:

K&t qua cua ba nhém twong thich véi cling mot dao dong diéu hoa.

b) Xac dinh pha ban dau va viét phuwong trinh dao dong
Tir phan trén, pha ban dau trong khoang
—T<@P=<T

la

Phuong trinh dao dong cua vat:

X = 6c0S (nt— %) (cm)|.

¢) Kiém tra phwong trinh dang ham sin
- Phuong trinh do hoc sinh viét 1a: x = 6sin (nt+ %) (cm).
- Ta co:
T . T T . T
6 cos (nt— ;) = 65sin (nt ~3 + E) = 6sin (nt+ E) .

- Hai biéu thtrc bang nhau tai moi thoi diém t. Vi vay:

|Phu:0ng trinh da cho mo ta dng dao ddng & cau b.|

Hai phuong trinh chi khac nhau vé cach bi€u dién bang ham cosin va ham sin.

KET QUA

T
[w=rnrads} | = -3

3

X = 6c0s (T[t— g) (cm)

Phuong trinh twong duong:

x = 6sin (T[t+%) (cm)|.

, ‘ - LUU Y CHO HQC SINH ‘ q
* Chi biét li d§ ban dau chua du dé x4c dinh pha ban dau; phai két hgp vai chiéu chuyén dong.

* Khi kiém tra vat di qua vi tri can bang, can xét dong thoi x = Ova dau cta véan toc.
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» Hai phwong trinh viét bing sin va cos c6 thé mé ta ciing mot dao déng néu ching twong duong theo

cong thuc luong giac.

& PT [Bai 4: Khai thac dir liéu tir caim bién gia téc

PINH HUONG TU DUY
Budre 1. So sanh biéu thirc gia tdc véi dang tong quat ciia dao dong didu hoa dé xac dinh wva A,y .
Buéc 2. Str dung hé thic a = —w?xdé chuyén tir biéu dién gia toc sang biéu dién li do.

Bude 3. Chuyén doi ham sin va ham cos vé cung mot dang d¢€ doi chiéu hai phuong trinh.

HUONG DAN GIAI CHI TIET
a) Xac dinh cac dai lwgng dac trung
- Tl biéu thirc gia téc, ta co
w = 41 rad/s, apax = 3,20 m/s2.
- Chu ki va tan s6 cta dao dong:

T—ZT[—ZT[—O50 —1—20H
Cw  4m $f=7=20Hz

Vay

w = 4m rad/s, T = 0,50 s, f = 2,0 Hz, @yayx = 3,20 m/s’.

b) Xac dinh bién d¢ va phwong trinh li do
- Trong dao dong diéu hoa: a = —w?x.

a 3,20

=X T 02T )2

cos (4nt+ %)

- Bién dg dao dong:

4 _ Gmax _ 3,20
T w?  16m?

- Do d6, phuong trinh li d0 cia ban rung la

~ 0,0203 m = 20,3 mm.

x = 20,3cos (47Tt+ %) (mm).

¢) Kiém tra phwong trinh do phan mém thi hai cung cip

- Str dung hé thac
cosa = sin (a+ g),
- Ta c6: 20,3c0s (4m:+ %) = 20,3sin (47‘[t+ 4 g) = 20,3sin (47Tt+ 2?")

Biéu thirc nay tring véi phuong trinh do phan mém thir hai cung cap. Vi véy, hai phuong trinh 1a hai

cach biéu dién twong dwong ciia cing mot dao dong:

x = 20,3sin (4mt+ ") (mm)
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phu hop véi dir li¢u cua cam bién gia toc.
- Gia toc cua ban rung:
a=—wx

2m
= —(4m)?- 20,3 sin (47‘[t + ?) mm/s*

) 2 2
= —3,20sin (47‘[t + ?> m/s

= —3,20 cos (41tt + %) m/s>.

LUU Y CHO HQC SINH

* Trong dao dong diéu hoa, gia téc va li do ludén nguoc pha: a = —w?x.
* Tir dit ligu gia toc co thé xéc dinh duoc bién df 1i do theo A = =22,

* Khi so sanh hai phuong trinh dao dong viét bang sin va cos, can chuyén chung vé cing mot ham
luong giac trude khi két luan.

* Can d6i thong nhit don vi; trong bai nay bién do duoc tinh ban dau theo mét rdi ddi sang milimét.
» Hai phuong trinh ¢ hinh thtc khac nhau van c6 thé mé ta cing mot dao dong néu chung tuong

duong vé bién do, tan so6 goc va pha.

@ PT |Bai 5: Panh gia mé hinh dao ddng tir két qua thi nghiém
PINH HUONG TU DUY
Buéce 1. Phan tich sy thay ddi cua chu ki va bién d tir sb liéu thuc nghi¢m.
Buwéce 2. Str dung phuong trinh da cho dé du doan li o tai thoi diém can kiém tra, r6i so sanh véi
gia tri do duoc.
Buwée 3. Panh gia pham vi &p dung cua moé hinh dao dong diéu hoa dua trén dit liéu thuc nghiém

va dac diém cua dao dong thuc te.

HUONG DAN GIAI CHI TIET
a) Xac dinh chu ki va danh gia dir liéu
- Khoang thoi gian giita hai 1an lién tiép vat dat bién dwong:
0,98 -0,18 =0,80s,
1,78 —-0,98 = 0,80ss.
Vay:
=030
- Bién d9 dai dién duoc 1iy bang gia tri trung binh:

492+ 4,88 + 4,84
Agai dien = 3 = 4,88 cm.

- Li d6 cyc dai giam tir 4,92 cm xudng 4,84 cm, twong ng:
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4,92 — 4,84
4,92

Nhu vay, bién do c6 xu huéng giam nhe nén chuyén dong khong phai dao dong diéu hoa 1i tuéng mot

-100% =~ 1,6%.

cach tuyét doi. Tuy nhién, trong khoang thoi gian ngin dang xét, mirc giam chi khoang 1,6%, nén c6
thé sir dung md hinh dao dong diéu hoa véi bién do dai dién 4,88 cm dé mé ta gan diing chuyén dong.
b) Kiém tra mé hinh

-Tait =0,70s:
Sm
Xmo hinh — 4,88cos 7 (0,70 - 0,18)

= 4,88cos(1,3n) = —2,87 cm.
- Theo gia thiét, gia tri do dugc:
X4 = —2,75 cm.
- o léch tuyét doi:
Ax =| Xmp hinh — Xdo 1= 0,12 cm.
- D0 1éch so vai bién do dai dién:
0,12

6= 4,88

-100% = 2,46%.
Vi:

2,46% < 3%,
nén phuong trinh do hoc sinh dé xuét phu hop véi s6 liéu thuc nghiém theo tiéu chi di cho.
¢) Panh gia khi quan sat 1au hon
- M6 hinh di cho c6 bién do khong doi:

A = 4,88 cm.
- Trong khi do, dir li¢u cho théy li o cuc dai c6 xu hudng giam:

492 - 4,88 - 4,84 cm.

Néu xu hudng nay tiép tuc trong thoi gian dai, sai 1éch gitta mé hinh va chuyén dong thuc té s& ting
1én. Khi 6, mé hinh dao dong diéu hoa c6 bién do khong ddi khong con phu hop; chuyén dong can

dugc mo ta bang mo hinh dao dong tat dan.

~ LUU Y CHO HQC SINH ’
* Mo hinh vat 1i luén 1a md hinh gan dung, dugc xay dung tir cac gia thiét don gian hoa.

* Khi danh gid mgt md hinh, can dyua vao muc do phu hop véi dit liéu thye nghiém, khong yéu cau
phai trung khop hoan toan.
* M6t sai léch nho giira két qua do va két qua tinh toan khong c6 nghia 1a mo hinh sai; can xem xét

nguyén nhan nhu sai s6 dung cu, cach do va anh hudng cua moi truong.
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* Dao dong diéu hoa 12 mo hinh li tuong; nhiéu dao dong thuc té chi co thé coi 1a diéu hoa trong mot

khoéng thoi gian nhét dinh.

& PT [Bai 6: Khai thac d thi dao dong

PINH HUONG TU DUY
Buéc 1. Poc bién d6 va chu ki dao dong tir d6 thi.
Buéc 2. Xac dinh tan s6 goc va trang thai cia vat tai thoi diém t = 0.
Buée 3. Lap phuong trinh vén toc cia vat.

Buéc 4. Tinh téc d6 tai t = 0,15 sva 1am tron két qua theo yéu cau.

HUONG DAN GIAI CHI TIET
- Tr d6 thi, ta xac dinh duoc:

A=4cm, T =1,20s.
- Tan s goc cua dao dong:

_27r_ 21T 51

w= T —1,20=?rad/s.

- Tai t = 0, vat di qua vi tri can bang theo chiéu dwong nén c6 thé viét phuong trinh dao dong duéi
dang:
- (5m
X = 4sin (? t) (cm).
- Van tdc cua vat:
., 20m (57r t) /
v=x'=——cos(3 (cm/s).
-Tait =0,15s:

v=——cos|{—"-0,15 ~ 14, 8 cm/s.

3 3

Viv > 0, toc d0 cua vat bang d6 16n ctia van toc.

201 (57T )_1071\/7
E

Pap s6 dién phiéu: |1 |4 |, | 8

LUU Y CHO HQC SINH 7 ‘
¢ Khi doc do thi, can xac dinh ding bién dd, chu ki va chiéu chuyén dong tai thoi diém ban dau.

* Toc d6 1a d6 16n cua van toc: toc do =| v |.

» Trong cau tric nghiém tra 10i ngén, chi ghi s6: 14,8

@ PT |Bai 7: Chuyén ddi giira cAc biéu dién ciia dao dong
PINH HUONG TU DUY
Buée 1. T phuong trinh dao dong ban dau, xac dinh trang thai ciia vét tai t = 0.

Bude 2. Tim thoi diém dau tién sau t = Ovat ¢6 1i dd x = 3 cm.
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Bude 3. Xac dinh chiéu chuyén dong cua vat tai thoi diém duge chon lam géc thoi gian moi.

Budre 4. Viét phuong trinh dao dong theo thdi gian méi 7, sau d6 chuyén tir dang csin sang dang sin.

HUGONG DAN GIAI CHI TIET
Cach 1: Bién ddi lwong giac
- Phuong trinh dao dong cua vat 1a x = 6cos (57rt— g) (cm).

. T
-Tait = 0: x, = 6¢COS (O_E) = 3 cm.
- Van tdc cua vat: v = —30msin (57Tt— g)
- Tai t = 0: v = —307sin (= —%) = 157v3 > 0.

Nhu vay, tai t = 0, vat di qua vi tri x = 3 cm theo chiéu duong.

- Pé tim 14n tiép theo vat c6 li 46 x = 3 cm, ta giai:

1 T T
T T
6cos (57‘[t— 5) = 3 = cos (57rt— ;) =3 = 5nt — 3= ig + 2km.
* V61 nhanh: 5wt —g = —g + 2km, tacOt = %

- Thoi diém duong nho nhét ciia nhanh nay 1a: t =

ulN

S.
= ’ , k
* V61 nhanh: 5ﬂt—£=£+2kn,tacot =i+2—.
3 3 15 5
- Théi diém dwong nho nhét la to = = s.
Vay thoi diém dau tién sau t = 0 ma vatc6 lido x = 3em laty = — s.

- Tai thoi diém nay, pha dao dong 1a

- _c 2 m T
Mo =3 =M 15737 3"
Do do6 v(ty) = —30nsin§ < 0, nén vat dang chuyén dong theo chiéu am.

- Chon tylam gdc thoi gian moi, ta co t = T + t,.
- Thay véo phwong trinh ban dau: x = 6cos [5n(r +ty) — %] = 6sin (57TT+ 5?”) (cm).
Vay ¢ = 2 rad = 150",

Cach 2: Str dung vong tron pha -
=10
; (t=0, trang thai mai)

1. Tait = 0, pha ban dau la —n/3 (vatdx = 3 cm, chuyén

. 57/6 rad :
dong theo chiéu duong). (150°) e\ +n/3rad
q o v<o) )| (609
2. Bé vat qua vi tri x = 3 cm lan dau tién, vecto quay trén  — = ] : >
-6 -3 0 X =v 3 6 X (cm)

vong tron lugng giac phai di tir goc —m/3 theo chidu duong OB 660
‘ - -m/3 rad
luong giac dén goc +m /3. -60°) i—o

(trang théi dau)
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3. Khi chon thoi diém nay lam gdc thoi gian méi (t = 0), pha ban dau ciia phuong trinh (theo ham
cos) chinh 1a vi tri vecto dang dung: ® = /3.
4. Ta ¢6 ngay phuong trinh ham cos: x = 6 cos(577 + 7/3) cm.

5. Chuyén sang ham sin: cong thém /2 vao pha » ¢ = /3 + n/2 = 51/6 rad - 150°.

Pap so dién phiéu: (1 |5 |0 |

LUU Y CHO HQC SINH
* Cum tur “thoi diém dau tién sau t = 0” yéu cau loai nghi¢m t = 0.

« M6t vi tri ¢6 thé duoc vat di qua theo hai chiéu khac nhau; can xét dau cta van toc dé xac dinh ding
trang thai.
« Khi doi gbc thoi gian, bién do va tan s6 goc khong thay doi, chi c6 pha ban dau thay doi.

@ PT |Bai 8: Khai thac biéu dién van téc

PINH HUONG TU DUY
Budc 1. Tu phuong trinh van tdc, xac dinh bién do va phuong trinh li d0.
Buée 2. Xac dinh vi tri, chiéu chuyén dong cua vat tait = 0.

Buéc 3. Nhan biét gia tde cuc dai duong khi vat ¢ bién am; tur 6 tinh quang duong vat di duoc.

HUONG DAN GIAI CHI TIET

- So sanh voi v = —wAsin(wt + @), ta c6 w = 5Snrad/s va wA = 20m, suy ra A = 4cm. Phuong
trinh 11 d§ 1a x = 4cos (57rt+ %)(cm).

-Tait =0, vat c6 x5 = 4cos% = 2+/3cm va vy = —20nsin% = —10m < 0, nén vat dang chuyén

A A A YA
dong theo chiéu am.

lan 1: 0 tir /6 dén

\ Chiéu ting pha

M, ’

- Via = —w?x, gia téc dat gia tri cuc dai dwong khi

A=4cm

x = —A = —4cm. Quéng duong tir vi tri ban dau dén
lan tht nhat vat t6i bién am la:

s1 =X — (—A) = 4 + 2v/3cm.

- Gitra hai lan lién ti€p vat dén cung bién am, vat thuc

hién mot dao dong toan phﬁn nén di duoc:
S, = 4A = 16cm.
-Dodd:s =5, +5, =4+ 2vV3+ 16 = 20 + 2v/3 = 23, 5cm.

Pip s6 dién phiéu: |2 3, 5|

H LUU Y CHO HQC SINH |
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* Tir biéu thirc van tdc v = —wAsin(wt + @), suy ra phuong trinh li d6 x = Acos(wt + @).
o Gia tdc cuc dai duong ung véi vat ¢ bién am x = —A.

e Trong mot chu ki, vat di dugc quang duong 4A.

@ PT |Bai 9: Pdi chiéu phwong trinh véi do thi
PINH HUONG TU DUY
Buéc 1. Doc tir @b thi: Bién do; Chu ki; Trang thai tai t = 0.
Buéc 2. Quy cac phuong trinh vé cing dang.
Buéc 3. So sanh trang thai ban dau véi do thi.
HUONG DAN GIAI CHI TIET
-Tuddthi: A=5cm; T =1s; w = 2mrad/s.
-Tait=0:x=0,v <0.
Do d6 phuong trinh dao dong la: x = 5cos (27rt+ g)
Xét cac phwong trinh.
- Phuong trinh (1) chinh la phuong trinh trén (Pung)
- Phuong trinh (2): x = 5sin(2mt). Tai t = 0, vat di qua vi tri can bang theo chiéu duong (Sai)
- Phuong trinh (3) x = 5cos (Znt— g) = Ssin(2mnt). Tai t = 0, vat ciing di qua vi tri cdn bang theo
chiéu duong (Sai).
- Phuong trinh (4) x = 5sin(w + 2mt) = —5sin(2nt) = 5cos (27rt+ g) (Pbung).

Vay c6 2 phuong phuong trinh phu hop (phuong trinh (1) va (4)

Dap sb dién phiu: | 2 |

LUU Y CHO HQC SINH
* Khi doi chi€éu phuong trinh voi do thi, trang thai tai t = Othuong quyét dinh viéc chon dép an.

« Khong chi xét 1i d6 ma phai két hop chiéu chuyén dong.
* Hai phuong trinh c6 thé khac dang nhung van biéu dién cing mot dao dong néu sau khi bién ddi

lugng giac ching trung nhau.

@ PT |Bai 10: Khai thac dir li¢u toa d va ddi gdc thoi gian
PINH HUONG TU DUY
Bwée 1. Xac dinh vi tri can b?mg, bién do va chu ki tir dir liéu.
Bude 2. i toa do X thanh li do x, sau do dung 11 o va chiéu chuyén dongtait = 0 dé xac dinh

pha ban dau.
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Budre 3. Thiét 1ap quan hé t = 7 + 0,50 va x4c dinh pha ban dau theo gbc thoi gian méi.
HUGONG DAN GIAI CHI TIET
- Vi tri c4n bang cua vat:

Xmax + Xmin _ 18+ 6

Xep = > > = 12 cm.
- Bién d6 dao dong:
Xmax - Xmin 18—-6
A= > =— = 6 cm.
- Chu ki dao dong:
T=t,—t; =140-0,20 = 1,20s.
Suy ra:
_2m 5t &
W= = 3 rad/s.

- Theo gdc thoi gian ban dau, phuong trinh dao dong c6 dang:

5n
x = 6cos(?t + go).

-Tait =0:
Xo=Xo—Xop =15—-12 =3 cm.
Do do:

1 T

6cosp =3 = cos@ =§=><p = ig.

- Tait = 0, toa d§ dang tang nén vat chuyén dong theo chiéu duong:
Vg >0=—sing >0=>sing <0.

Vay:

- Khi cam bién tht hai bit dau hoat dong:
t=1+0,50.
- Thay vao phuong trinh dao dong:
X = 6 oS [S_n (t +0,50) — E]
3 3

Suy ra:

6 (Sn +5T[ n>_6 (571 +T[)
x = COSB‘L' G 3—c05312.

Do do:

@' == =90

N[ _
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Pap sb dién phiéu: [ 9 | 0

LUUY CHOHQC SINH
* Khi cam bién ghi toa do tuyét doi X, phai xac dinh vi tri can bang roi mdi tinh 1i d6: x = X — Xp,.

« Chiéu bién thién ctia toa do va li d6 gidng nhau vi X, khong doi.
« Khi chon gdc thoi gian méi mudn hon t,, phai viét t = 7 + ¢,.

* D6i gbe thoi gian chi lam thay ddi pha ban dau; bién do, chu ki va tan s6 goc khong thay doi.
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   𝑻 =   𝟐 𝝅  𝝎 ; 𝒇 =   𝟏  𝑻 ; 𝝎 = 𝟐 𝝅 𝒇


  𝑨 = 𝐦 𝐚 𝐱 ⁡ ∣ 𝒙 ∣


    𝒙  𝟎 = 𝑨 𝐜 𝐨 𝐬 ⁡ 𝝋


    𝒗  𝟎 = − 𝝎 𝑨 𝐬 𝐢 𝐧 ⁡ 𝝋


    𝒗  𝟎 = − 𝝎 𝑨 𝐬 𝐢 𝐧 ⁡ 𝝋


   𝑨 =    𝒙  𝟎  𝟐 +     𝒗  𝟎  𝟐    𝝎  𝟐


   𝑨 =    𝒙  𝟎  𝟐 +     𝒗  𝟎  𝟐    𝝎  𝟐


     𝑿  cb =     𝑿  𝐦 𝐚 𝐱 +   𝑿  𝐦 𝐢 𝐧  𝟐


   𝑨 =     𝑿  𝐦 𝐚 𝐱 −   𝑿  𝐦 𝐢 𝐧  𝟐


  𝒙 − 𝒕


  v > 0


  v < 0


  t


  x


  − 3 , 96


  − 0 , 04


  − 0 , 03


  − 4 , 02


  0 , 05  cm


  t = 1 , 35  s


    x  đo = − 2 , 32  cm


  x


  − 𝜋 < 𝜑 ≤ 𝜋


  x = A cos ⁡ ( 𝜔 t + 𝜑 ) .


  t = 0 , 50  s


  𝜏


  𝜏


  6  cm


  2 , 0  s


  t = 0


  3  cm


  t = 0


  t =  5 6  s .


  − 𝜋 < 𝜑 ≤ 𝜋


  x = A cos ⁡ ( 𝜔 t + 𝜑 ) .


  x = 6 sin ⁡  (  𝜋 t +    𝜋 6 )    ( cm ) .


  a = − 3 , 20 cos ⁡  (  4 𝜋 t +    𝜋 6 )    (   m/s 2 ) ,


  t


  x


  x = 20 , 3 sin ⁡  (  4 𝜋 t +    2 𝜋 3 )    ( mm ) .


  t


  t = 0 , 70  s


    x  đo = − 2 , 75  cm .


  x = 4 , 88 cos ⁡  [   5 𝜋 2 ( t − 0 , 18 ) ]    ( cm ) .


  3 %


  t = 0 , 70  s


  x


  t


  t = 0 , 15  s


  cm/s


  x = 6 cos ⁡  (  5 𝜋 t −    𝜋 3 )    ( cm ) ,


  t


  t = 0


  x = 3  cm


  𝜏


  𝜏


  x = 6 sin ⁡ ( 5 𝜋 𝜏 + 𝜑 )    ( cm ) ,


  − 𝜋 < 𝜑 ≤ 𝜋 .


  𝜑


  v = − 20 𝜋 sin ⁡  (  5 𝜋 t +    𝜋 6 )


  t


  t = 0


     ( 1 )     x = 5 cos ⁡  (  2 𝜋 t +    𝜋 2 ) ,   ( 2 )     x = 5 sin ⁡ ( 2 𝜋 t ) ,   ( 3 )     x = 5 cos ⁡  (  2 𝜋 t −    𝜋 2 ) ,   ( 4 )     x = 5 sin ⁡ ( 𝜋 + 2 𝜋 t ) .


  X


  18  cm


  6  cm


    t 1 = 0 , 20  s


    t 2 = 1 , 40  s


  t = 0


  X = 15  cm


  x


  t = 0 , 50  s


  𝜏


  𝜏


  x = 6  cos ⁡   (   5 𝜋 3 𝜏 +   𝜑 ′ )     ( cm ) ,


  −  180 ∘ <   𝜑 ′ ≤  180 ∘


    𝜑 ′


  f


  𝜔


  t = 0


  t = 0 , 00  s


  t = 1 , 00  s


  t = 2 , 00  s


  x ≈ 4 , 0  cm .


  t = 0 , 50  s


  t = 1 , 50  s


  x ≈ − 4 , 0  cm .


  t = 0 , 25  s


  0 , 75  s


  1 , 25  s


  1 , 75  s


  x ≈ 0 .


  1 , 00  s


  1 , 00  s


  0 , 25  s


  4 ;   0 ;   − 4 ;   0 ;   4 ;   0 ;   − 4 ;   0 ;   4 .


  0 , 05  cm ,  


  3 , 98 ;   3 , 96 ;   4 , 01 ;   4 , 02 ;   3 , 97  cm .


  A ≈   3 , 98 + 3 , 96 + 4 , 01 + 4 , 02 + 3 , 97 5 = 3 , 988  cm .


   A ≈ 4 , 00  cm .


  t = 0


  t = 2 , 00  s


  T =   Δ t  N =   2 , 00 2 = 𝟏 , 𝟎 𝟎  s .


  f =  1  T =  1  1 , 00 = 1 , 00  Hz .


   f ≈ 1 , 00  Hz .


  𝜔 =   2 𝜋  T =   2 𝜋  1 , 00 = 𝟐 𝝅  rad/s .


  x = A cos ⁡ ( 𝜔 t + 𝜑 ) .


  t = 0


  x ( 0 ) ≈ A .


  𝜑 ≈ 0 .


   x = 4 cos ⁡ ( 2 𝜋 t )    ( cm ) .


  t = 1 , 35  s


  x = 4 cos ⁡ ( 2 𝜋 ⋅ 1 , 35 ) .


  2 𝜋 ⋅ 1 , 35 = 2 , 7 𝜋 .


  x = 4 cos ⁡ ( 2 , 7 𝜋 ) = 4 cos ⁡ ( 0 , 7 𝜋 ) .


  cos ⁡ ( 0 , 7 𝜋 ) ≈ − 0 , 5878 ,


    x  dự đo  a ˊ n ≈ 4 ⋅ ( − 0 , 5878 ) ≈ − 2 , 35  cm .


     x  dự đo  a ˊ n ≈ − 2 , 35  cm .


    x  đo = − 2 , 32  cm .


  Δ x = ∣   x  đo −   x  dự đo  a ˊ n ∣ .


  


   Δ x = 0 , 03  cm .


  𝛿 =   Δ x  ∣   x  dự đo  a ˊ n ∣ ⋅ 100 % .


  


   𝛿 ≈ 1 , 3 % .


  0 , 05  cm


  − 2 , 32 − 0 , 05 ≤ x ≤ − 2 , 32 + 0 , 05 ,


  − 2 , 37  cm ≤ x ≤ − 2 , 27  cm .


    x  dự đo  a ˊ n = − 2 , 35  cm


  Δ x = 0 , 03  cm < 0 , 05  cm .


  𝑻 =   𝚫 𝒕  𝑵 ,


  𝜑 = 0


  t = 0


  t


  𝜏


  + 6  cm


  − 6  cm


  A = 6  cm .


  t =  1 3  s


  t =  7 3  s


  T =  7 3 −  1 3 = 2  s .


  f =  1  T = 0 , 5  Hz , 𝜔 =   2 𝜋  T = 𝜋  rad/s .


   A = 6  cm , T = 2  s , f = 0 , 5  Hz , 𝜔 = 𝜋  rad/s .


  x = 6 cos ⁡ ( 𝜋 t + 𝜑 )    ( cm ) .


  t = 0


    x 0 = 3  cm


  6 cos ⁡ 𝜑 = 3 ⇒ cos ⁡ 𝜑 =  1 2 .


  𝜑 = ±   𝜋 3 .


  t = 0


    v 0 > 0 .


  v = − 𝜔 A sin ⁡ ( 𝜔 t + 𝜑 ) ,


  t = 0


  − 𝜔 A sin ⁡ 𝜑 > 0 ⇒ sin ⁡ 𝜑 < 0 .


  ⟹ 𝜑 = −   𝜋 3 .


   x = 6 cos ⁡  (  𝜋 t −    𝜋 3 )    ( cm ) .


  t = 0 , 50  s


  t = 𝜏 + 0 , 50 .


  x = 6 cos ⁡  [ 𝜋 ( 𝜏 + 0 , 50 ) −   𝜋 3 ] .


  x = 6 cos ⁡  ( 𝜋 𝜏 +   𝜋 2 −   𝜋 3 ) = 6 cos ⁡  (  𝜋 𝜏 +    𝜋 6 ) .


  𝜏


   x = 6 cos ⁡  (  𝜋 𝜏 +    𝜋 6 )    ( cm ) .


  x − t


  v > 0


  v < 0


   cos ⁡  𝜑


    t 0


  t = 𝜏 +   t 0


  t = 𝜏 −   t 0


  t = 0


  A = 6  cm , T = 2 , 0  s .


  𝜔 =   2 𝜋  T =   2 𝜋 2 = 𝜋  rad/s .


  x = 6 cos ⁡ ( 𝜋 t + 𝜑 )    ( cm ) .


  t = 0


    x 0 = 3  cm ⟹ 6 cos ⁡ 𝜑 = 3 ⇒ cos ⁡ 𝜑 =  1 2 ⇒ 𝜑 = ±   𝜋 3 .


  v = − 6 𝜋 sin ⁡ ( 𝜋 t + 𝜑 ) .


  t = 0


    v 0 > 0 .


  ⟹ − 6 𝜋 sin ⁡ 𝜑 > 0 ⇒ sin ⁡ 𝜑 < 0 .


  𝜑 = ±   𝜋 3


  𝜑 = −   𝜋 3 .


  𝒙 = 𝟔 𝐜 𝐨 𝐬 ⁡  (  𝝅 𝒕 −    𝝅  𝟑 )    ( cm ) .


  x = 0 .


  v < 0 .


  𝜃 = 𝜋 t −   𝜋 3 .


  cos ⁡ 𝜃 = 0 .


  v = − 6 𝜋 sin ⁡ 𝜃 < 0 ⇒ sin ⁡ 𝜃 > 0 .


  𝜃 =   𝜋 2 + 2 k 𝜋 , k ∈ ℤ .


  


  k = 0


  t =  5 6  s .


   K    e ˆ ˊ t quả của ba nh  o ˊ m tương th  ı ˊ ch với c  u ˋ ng một dao động đi    e ˆ ˋ u h  o ˋ a.


  − 𝜋 < 𝜑 ≤ 𝜋


   𝜑 = −   𝜋 3 .


   x = 6 cos ⁡  (  𝜋 t −    𝜋 3 )    ( cm ) .


  x = 6 sin ⁡  (  𝜋 t +    𝜋 6 )    ( cm ) .


  6  cos ⁡   (  𝜋 t −    𝜋 3 ) = 6  sin ⁡   ( 𝜋 t −   𝜋 3 +   𝜋 2 ) = 6 sin ⁡  (  𝜋 t +    𝜋 6 ) .


  t


   Phương tr  ı ˋ nh đ  a ~  cho m  o ˆ  tả đ  u ˊ ng dao động ở c  a ˆ u b.


   𝜔 = 𝜋  rad/s ;    𝜑 = −   𝜋 3


  


   x = 6 sin ⁡  (  𝜋 t +    𝜋 6 )    ( cm ) .


  x = 0


  𝜔


    a max


  a = −   𝜔 2 x


  𝜔 = 4 𝜋   rad/s ,   a max = 3 , 20      m/s 2 .


  T =   2 𝜋  𝜔 =   2 𝜋  4 𝜋 = 0 , 50   s , f =  1  T = 2 , 0   Hz .


   𝜔 = 4 𝜋   rad/s , T = 0 , 50   s , f = 2 , 0   Hz ,   a max = 3 , 20      m/s 2 .


  a = −   𝜔 2 x .


  ⟹ x = −   a    𝜔 2 =   3 , 20     ( 4 𝜋 ) 2 cos ⁡  (  4 𝜋 t +    𝜋 6 ) .


  A =     a max    𝜔 2 =   3 , 20  16   𝜋 2 ≈ 0 , 0203   m = 20 , 3   mm .


   x = 20 , 3 cos ⁡  (  4 𝜋 t +    𝜋 6 )    ( mm ) .


  cos ⁡ 𝛼 = sin ⁡  (  𝛼 +    𝜋 2 ) ,


  20 , 3 cos ⁡  (  4 𝜋 t +    𝜋 6 ) = 20 , 3 sin ⁡  (  4 𝜋 t +    𝜋 6 +    𝜋 2 ) = 20 , 3 sin ⁡  (  4 𝜋 t +    2 𝜋 3 ) .


   𝒙 = 𝟐 𝟎 , 𝟑 𝐬 𝐢 𝐧 ⁡  (  𝟒 𝝅 𝒕 +    𝟐 𝝅  𝟑 )    ( mm )


     a  = −   𝜔 2 x    = −    ( 4 𝜋 ) 2 ⋅ 20 , 3  sin ⁡   ( 4 𝜋 t +   2 𝜋 3 )     mm/s 2    = − 3 , 20  sin ⁡   ( 4 𝜋 t +   2 𝜋 3 )     m/s 2    = − 𝟑 , 𝟐 𝟎   𝐜 𝐨 𝐬 ⁡   ( 𝟒 𝝅 𝒕 +   𝝅  𝟔 )     m/s  𝟐 .


  a = −   𝜔 2 x .


  A =     a max    𝜔 2 .


  0 , 98 − 0 , 18 = 0 , 80  s ,


  


   T = 0 , 80  s .


    A  đại diện =   4 , 92 + 4 , 88 + 4 , 84 3 = 4 , 88  cm .


  4 , 92  cm


  4 , 84  cm


    4 , 92 − 4 , 84  4 , 92 ⋅ 100 % ≈ 1 , 6 % .


  1 , 6 %


  4 , 88  cm


  t = 0 , 70  s


    x  m  o ˆ  h  ı ˋ nh = 4 , 88 cos ⁡  [   5 𝜋 2 ( 0 , 70 − 0 , 18 ) ]


  


    x  đo = − 2 , 75  cm .


  Δ x = ∣   x  m  o ˆ  h  ı ˋ nh −   x  đo ∣ = 0 , 12  cm .


  𝛿 =   0 , 12  4 , 88 ⋅ 100 % ≈ 2 , 46 % .


  2 , 46 % < 3 % ,


  A = 4 , 88  cm .


  4 , 92 → 4 , 88 → 4 , 84  cm .


  t = 0


  t = 0 , 15  s


  A = 4  cm , T = 1 , 20  s .


  𝜔 =   2 𝜋  T =   2 𝜋  1 , 20 =   5 𝜋 3  rad/s .


  t = 0


  x = 4 sin ⁡  (   5 𝜋 3 t )    ( cm ) .


  v =   x ′ =   20 𝜋 3 cos ⁡  (   5 𝜋 3 t )    ( cm/s ) .


  t = 0 , 15  s


  v =   20 𝜋 3 cos ⁡  (   5 𝜋 3 ⋅ 0 , 15 ) =   10 𝜋  2 3 ≈ 𝟏 𝟒 , 𝟖  cm/s .


  v > 0


  t    o ˆ ˊ c độ = ∣ v ∣ .


  𝟏 𝟒 , 𝟖


  t = 0


  t = 0


  x = 3  cm


  𝜏


  x = 6 cos ⁡  (  5 𝜋 t −    𝜋 3 )    ( cm ) .


  t = 0


    x 0 = 6 cos ⁡  ( 0 −    𝜋 3 ) = 3  cm .


  v = − 30 𝜋 sin ⁡  (  5 𝜋 t −    𝜋 3 ) .


  t = 0


    v 0 = − 30 𝜋 sin ⁡  ( = −    𝜋 3 ) = 15 𝜋  3 > 0 .


  t = 0


  x = 3  cm


  x = 3  cm


  6 cos ⁡  (  5 𝜋 t −    𝜋 3 ) = 3 ⟹ cos ⁡  (  5 𝜋 t −    𝜋 3 ) =  1 2 ⟹ 5 𝜋 t −   𝜋 3 = ±   𝜋 3 + 2 k 𝜋 .


  5 𝜋 t −   𝜋 3 = −   𝜋 3 + 2 k 𝜋 ,


  t =   2 k 5 .


  t =  2 5  s .


  5 𝜋 t −   𝜋 3 =   𝜋 3 + 2 k 𝜋 ,


  t =  2 15 +   2 k 5 .


    t 0 =  2 15  s .


  t = 0


  x = 3  cm


    t 0 =  2 15  s .


  5 𝜋   t 0 −   𝜋 3 = 5 𝜋 ⋅  2 15 −   𝜋 3 =   𝜋 3 .


  v (   t 0 ) = − 30 𝜋 sin ⁡   𝜋 3 < 0 ,


    t 0


  t = 𝜏 +   t 0 .


  x = 6 cos ⁡  [ 5 𝜋 ( 𝜏 +   t 0 ) −   𝜋 3 ] = 6 sin ⁡  (  5 𝜋 𝜏 +    5 𝜋 6 )    ( cm ) .


  𝜑 =   5 𝜋 6  rad =   𝟏 𝟓 𝟎 ∘ .


  t = 0


  − 𝜋 / 3


  x = 3


  x = 3


  − 𝜋 / 3


  + 𝜋 / 3


  𝜏 = 0


  cos


  Φ = 𝜋 / 3


  cos


  x = 6  cos ⁡   ( 5 𝜋 𝜏 + 𝜋 / 3 )


  sin


  𝜋 / 2


  → 𝜑 = 𝜋 / 3 + 𝜋 / 2 = 5 𝜋 / 6


  →


  t = 0


  t = 0


  t = 0


  v = − 𝜔 A sin ⁡ ( 𝜔 t + 𝜑 )


  𝜔 = 5 𝜋


  𝜔 A = 20 𝜋


  A = 4


  x = 4 cos ⁡  (  5 𝜋 t +    𝜋 6 )


  t = 0


    x 0 = 4 cos ⁡   𝜋 6 = 2  3


    v 0 = − 20 𝜋 sin ⁡   𝜋 6 = − 10 𝜋 < 0


  a = −   𝜔 2 x


  x = − A = − 4


    s 1 =   x 0 − ( − A ) = 4 + 2  3


    s 2 = 4 A = 16


  s =   s 1 +   s 2 = 4 + 2  3 + 16 = 20 + 2  3 ≈ 𝟐 𝟑 , 𝟓


  v = − 𝜔 A sin ⁡ ( 𝜔 t + 𝜑 )


  x = A cos ⁡ ( 𝜔 t + 𝜑 )


  x = − A


  4 A


  t = 0


  A = 5  cm


  T = 1  s


  𝜔 = 2 𝜋  rad/s


  t = 0


  x = 0 , v < 0 .


  x = 5 cos ⁡  (  2 𝜋 t +    𝜋 2 ) .


  x = 5 sin ⁡ ( 2 𝜋 t ) .


  t = 0 ,


  x = 5 cos ⁡  (  2 𝜋 t −    𝜋 2 ) = 5 sin ⁡ ( 2 𝜋 t ) .


  t = 0


  x = 5 sin ⁡ ( 𝜋 + 2 𝜋 t ) = − 5 sin ⁡ ( 2 𝜋 t ) = 5 cos ⁡  (  2 𝜋 t +    𝜋 2 )


  t = 0


  X


  x


  t = 0


  t = 𝜏 + 0 , 50


    X cb =     X max +   X min 2 =   18 + 6 2 = 12  cm .


  A =     X max −   X min 2 =   18 − 6 2 = 6  cm .


  T =   t 2 −   t 1 = 1 , 40 − 0 , 20 = 1 , 20  s .


  𝜔 =   2 𝜋  T =   5 𝜋 3  rad/s .


  x = 6  cos ⁡   (   5 𝜋 3 t + 𝜑 ) .


  t = 0


    x 0 =   X 0 −   X cb = 15 − 12 = 3  cm .


  6  cos ⁡  𝜑 = 3 ⇒  cos ⁡  𝜑 =  1 2 ⇒ 𝜑 = ±   𝜋 3 .


  t = 0


    v 0 > 0 ⇒ −  sin ⁡  𝜑 > 0 ⇒  sin ⁡  𝜑 < 0 .


  𝜑 = −   𝜋 3 .


  t = 𝜏 + 0 , 50 .


  x = 6  cos ⁡   [   5 𝜋 3  ( 𝜏 + 0 , 50 ) −   𝜋 3 ] .


  x = 6  cos ⁡   (   5 𝜋 3 𝜏 +   5 𝜋 6 −   𝜋 3 ) = 6  cos ⁡   (   5 𝜋 3 𝜏 +   𝜋 2 ) .


    𝝋 ′ =   𝝅  𝟐 =   𝟗 𝟎 ∘ .


  X


  x = X −   X cb


    X cb


    t 0


  t = 𝜏 +   t 0


  A sin ⁡ ( 𝜔 t +   𝜑 ′ ) = A cos ⁡  ( 𝜔 t +   𝜑 ′ −   𝜋 2 )


   𝝋 =   𝝋 ′ −   𝝅  𝟐


  − A cos ⁡ 𝛼 = A cos ⁡ ( 𝛼 + 𝜋 )


  − A sin ⁡ 𝛼 = A sin ⁡ ( 𝛼 + 𝜋 )


  − A sin ⁡ 𝛼 = A sin ⁡ ( 𝛼 + 𝜋 )


  cos ⁡ ( − 𝛼 ) = cos ⁡ 𝛼


  cos ⁡ ( − 𝛼 ) = cos ⁡ 𝛼


  sin ⁡ ( − 𝛼 ) = − sin ⁡ 𝛼


  sin ⁡ ( − 𝛼 ) = − sin ⁡ 𝛼


  s i n


  c o s


  x = − 5 cos ⁡  (  4 𝜋 t +    𝜋 3 )


  x = 5 cos ⁡  (  4 𝜋 t +    4 𝜋 3 )


  2 𝜋


    𝜑 ′ = 𝜑 + 2 k 𝜋 , k ∈ ℤ


  x = A cos ⁡ ( 𝜔 t + 𝜑 )


  t = 0


    x 0 = A cos ⁡ 𝜑


  v = − 𝜔 A sin ⁡ ( 𝜔 t + 𝜑 )


  t = 0


    v 0 = − 𝜔 A sin ⁡ 𝜑


  ⟹ 𝐜 𝐨 𝐬 ⁡ 𝝋 =     𝒙  𝟎  𝑨


  𝐬 𝐢 𝐧 ⁡ 𝝋 = −     𝒗  𝟎  𝝎 𝑨


   𝑨 =    𝒙  𝟎  𝟐 +     𝒗  𝟎  𝟐    𝝎  𝟐


  𝐜 𝐨 𝐬 ⁡ 𝝋 =     𝒙  𝟎  𝑨


    𝒗  𝟎 = − 𝝎 𝑨 𝐬 𝐢 𝐧 ⁡ 𝝋


    x 0 = A ,   v 0 = 0


  𝜑 = 0


    x 0 = − A ,   v 0 = 0


  𝜑 = 𝜋


    x 0 = 0 ,   v 0 > 0


  𝜑 = −   𝜋 2


    x 0 = 0 ,   v 0 < 0


  𝜑 =   𝜋 2


  x = A cos ⁡ ( 𝜔 t + 𝜑 )


  t =   t 0


    t ′


   𝒕 =   𝒕 ′ +   𝒕  𝟎


  x = A cos ⁡  [ 𝜔 (   t ′ +   t 0 ) + 𝜑 ]


   𝒙 = 𝑨 𝐜 𝐨 𝐬 ⁡  [ 𝝎   𝒕 ′ + ( 𝝎   𝒕  𝟎 + 𝝋 ) ]


    𝜑 ′ = 𝜔   t 0 + 𝜑


  A


  𝜔


  x


  t


  𝒙 = 𝑨 𝐜 𝐨 𝐬 ⁡ ( 𝝎 𝒕 + 𝝋 )


  x − t


    x max = A


    x min = − A


  T


  T


    T 2


    T 2


  T


   ( s )


  f


   ( Hz )


   𝒇 =   𝟏  𝑻


  Δ t


  N


   𝑻 =   𝚫 𝒕  𝑵 ; 𝒇 =   𝑵  𝚫 𝒕


   𝒙 = 𝑨 𝐜 𝐨 𝐬 ⁡ ( 𝝎 𝒕 + 𝝋 )


  x


  t


  0


  A


  A > 0


  𝜔


  𝜔 > 0


  rad/s


  𝜔 t + 𝜑


  t


  𝜑


  t = 0


  − 𝑨 ≤ 𝒙 ≤ 𝑨


  𝑨 = 𝐦 𝐚 𝐱 ⁡ ∣ 𝒙 ∣


  𝑨


  x = 0


  x = A


  x = − A


  A


  L = 2 A


  L


  A =   L 2


  T


  f


  𝜔


   𝝎 =   𝟐 𝝅  𝑻 = 𝟐 𝝅 𝒇 ;                  𝑻 =   𝟐 𝝅  𝝎 ; 𝒇 =   𝝎  𝟐 𝝅


  2 𝜋


  Δ t


  Δ 𝜃 = 𝜔 Δ t


  Δ 𝜃 = 2 k 𝜋


  k


  t


  𝜽 = 𝝎 𝒕 + 𝝋


    x 1 = A cos ⁡ ( 𝜔 t +   𝜑 1 )


    x 2 = A cos ⁡ ( 𝜔 t +   𝜑 2 )


    x 2 = A cos ⁡ ( 𝜔 t +   𝜑 2 )


  Δ 𝜑 =   𝜑 2 −   𝜑 1


  Δ 𝜑 = 2 k 𝜋


  Δ 𝜑 = ( 2 k + 1 ) 𝜋


  Δ 𝜑 =   𝜋 2 + k 𝜋


  k ∈ ℤ


  M


  O


  A


  𝜔


  t = 0


    O M →


  𝜑


  t


  𝜃 = 𝜔 t + 𝜑


  M


  O x


  x = A cos ⁡ ( 𝜔 t + 𝜑 )


  A


  𝜔


  x = A cos ⁡ ( 𝜔 t + 𝜑 )


  x = A sin ⁡ ( 𝜔 t +   𝜑 ′ )


  sin ⁡ 𝛼 = cos ⁡  (    𝜋 2 −  𝛼 )


  cos ⁡ 𝛼 = sin ⁡  (    𝜋 2 +  𝛼 )

