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§1. Dao dong co diéu hoa

|. Dao dong co hoc
Khai niém dao dong
Chuyén déng ldp fii ldp lai xung quanh mét vi tri co dinh
goi la vi tri can bang (VTCB)
Tinh chat ciia hé dao dong
* H¢ dao dong c6 mot VICB
» Khi hé doi VTCB thi xudt hién lic kéo hé vé VTCB
« H¢ dao dong cb quan tinh
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§1. Dao dong co diéu hoa

I1. PT dao dong co diéu hoa

1. Phwong trinh W‘

Xét con lac 10 xo nam ngang. F=—kx M
Kéo con liac 1éch VTCB doan W
x —Xuat hién luc kéo con lac o' ’
vé VTCB (VTCB)
Theo Pinh luat 2 Newton:
d2x d*x k
F=ma-= m——-kx > +a'x=0 (1 (60 =—)
dr’ s | G A& =0

Nghiém cua phuong trinh dao dong (1) ¢6 dang:
x=Acos(at+¢) (2)



§1. Dao dong co diéu hoa

Pinh nghia dao déng co diéu hoa

Dao déng c6 li dé dao dong (d6 doi ciia vat) bien doi
tuan hoan theo thoi gian theo ham SIN hogc COSIN

2. Cac dai lwong dac trung
Li do dao dong (x): Do doi1 cua vat (h¢) kho1 VICB

Bién do dao dong (A): La li d0 16n nhat cia vat dd
A=
MaX

Tan s6 goc: (@, >0) Cho biét mirc @6 nhanh cham cua

dao dong. Bon vi: radian/giay
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§1. Dao dong co diéu hoa

Pha dao dong (a)ot + gp) Xac dinh trang thai dao dong
cua h¢ & thoi diem t

Pha ban dau (gp) : X4c dinh trang thai dao dong ¢ thoi diém
ban daut = 0.

Chu ky dao dong T: La thoi gian dé hé thuc hién dugc mot
dao dong. Bon vi: giay (s)

T=2—7z:27z\/E
@, K



§1. Dao dong co diéu hoa

Tan so6 dao djng ( fo)
Dic trung cho tinh tuan hoan dao dong. C6 tri s6 bang so
dao dong hé thuc hién duoc trong mot don vi thoi glan.

f_1_a)0_1\/T
T 27 2z \m

Van toc dao dong

V= % =—w,ASIn (a)ot + ga) = a)OACOS(a)Ot + @+ %)
Gia toc dao dong
d2X 2 2
a=——=—w, ACOS(ayt + @) = w; Acos(ayt + @ + 1)

dt?
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§1. Dao dong co diéu hoa

Do thi bi¢u dién li do, van toc, gia toc




§1. Dao dong co diéu hoa

3. Niing lwong dao dong co diéu hoa

W =W, +W,
1 2 1 2 A2 atn2
Wd =§mv :EmQ)OA SIn (C()Ot+(0)
1 2 1 2 N2 2
Wtzzkx =Ema)OA cos’ (w,t + )
1

W =W, +W, = > Ma; A2 [sin2 (o5t + @)+ cos® (apt +go)]

1 |2W
—>W :lma)gA2 =const — @, = ,/
2 AN m




o §2. Dao dong tat dan va cudng birc

|. Dao dong tat dan
Dao dong co co bién d6 giam dan do mat mat
ning luong, chil yéu do ma sat

—

F.=-TV
Phuong trinh dao dong co tat dan
F=—kx— rvamﬂ:—kx— dx
dt’ dt
d’x rdx k dx
—+ +—Xx=0 +2 —+a)x 0 (1
dt> mdt m e P ) D



o' §2. Dao dong tat dan va cudng birc

Nghiém cua phuong trinh (1) c6 dang
x=Ae " cos(at+¢) (2)

2p
=W - b’ T =
WA\/ 0 \/Wg-bz
AO
/ Aoe bt
A, Cos/ |\ t




o' §2. Dao dong tat dan va cudng birc

Khao sat dao dong tat dan

Bién do ctia dao dong giam dan theo thoi gian
Alt)=A,e”

Li 36 dao dong ludn bi gidi han tai moi thoi diém

-Ae " ExEAde”

Lwong giam loga: dai luong dac trung cho muc d§ giam
nhanh hay cham cua dao dong tat dan

A@) " Aye b

—In BT —
AG+T) = 40 T =Ilne™ =bT

d=1In
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w0 §2. Dao dong tat dan va cwong bire

T >1,; @, > [ moi cd dao dong. Néu w, £ b thi lyc can
qua 16n, bién d6 giam rat nhanh xudng 0 va ko c6 dao dong

D.Ej
0.6
= al-3
l:l. ‘1 E : 0E Fhugng trinh chuyén dgng
|:| 2-: 0 | PRuang trinh shuydn déng
-:-'- 4
a3k 10 12 .
w7 t v Phugng trinh viin 16
'l:l.q- E ar Phagag trinh whn 18
063 0 V 3 3 7
i 2 F. ]
Dao dong tit dan ma sat nho Dao dong tat dan ma sat vira Dao dong tat dan ma sat lon
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o' §2. Dao dong tat dan va cudng birc

1. Dao dong cwong birc

Khai ni@m: Dao dong dudi tac (‘h.mg cua ngoai 11,1:9 tuan
hoan nham myc dich bu trr phan nang luong mat mat
trong moi chu ky goi la dao dong cudng burc.

Phwong trinh dao dong cuwong birc

F., = Hcos(W) — F =—kx—rv+H cosQt

2
d X+ ' dx+ K x:icoth

> 2
dt mdt m m

;Itx +2,B—+a)0x H cos (at
13




o' §2. Dao dong tat dan va cudng birc

Nghiém ciia phwong trinh:

Phuong trinh dao dong cudng buc khong cO nghiém
thuan nhat ma c6 nghiém dudi dang

X=X + X

Tatdan Cuongbuc

Trong A0 X+ igan = AOE_B t coS(mt + @) 1a nghiém cua
phuong trinh dao dong tat dan

Sau mot khoang thoi gian, dao dong tat dan bién mat chi
con dao dong cudng burc

X=X

Cuongbuc

14



2 §2. Dao dong tat dan va cudng birc

Nghiém riéng, dao dong cudng birc
X =X, = Acos(W +F )
H 2 bW

= tgF =-
m\/(\/\f- W) +46°W i (W - 1)

Khao sat dao dong cudng birc

A

w|o  Ju-2p ¥

Amax
A | AT

M
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«7 §2. Dao dong tat dan va cwdng birc

X

\/
VY
‘ \IJ\UUUVUUU,

chuyén tiép on dinh
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o' §2. Dao dong tat dan va cudng birc

Hién twong cong hwong: Khi tan so cta ngoai luc tuan
hoan bang tan s6 cong huéong W=W, thi bién d6 dao
dong cudng birc cuc dai A4 khi d6 xay ra hién tuong
cong huong

max '’

A

Max

chh:\/Wcz)' 2b°

H

A —
" 2mbynE - b




§3. SONng co hoc

|. Pinh nghia song co hoc

M0i trueong dan hoi

Bao gom cac phan tr phan bo déu va lién ket cht ché voi
nhau bang luc dan hoi. Binh thudong moi phan tir cO mét

vi tri can bang bén.
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§3. SONng co hoc

Qua trinh song
Sy hinh thanh song co trong moi truong vat chat

Ngoai luc
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§3. SOng co hoc

Qua trinh séng

Xét 3 phan tir A, B, C gan véi nhau théng qua cac 10 xo
dan hoi (M6i truong dan hoi).

® T -@) T-©)

Keéo phan tir B 1éch khoi VTCB cua n6é (Kéo sang C).

® T @) -©
Fa

Khi d6 10 x0 noi gitta A va B bi gidn, 10 xo no6i B va C bi
nén. Khi @6, xuat hién lyc dan hoi kéo B tro vé VTCB.
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§3. SOng co hoc

Do co quan tinh, phan tir B vuot qua VTCB sang A.
Nhu vay, phan tir B dao dong xung quanh VTCB cua no.

Diéu nay xay ra tuong tu vai cac phan tir Ava C

Két luan: Pau tién kich thich cho 1 phan t&r dao dong.
Do céc phan tir lién két nhau théng qua méi truong dan
hdi nén sau mot thoi gian kéo theo cac phan tir 1an can
cling dao dong theo.

— Qua trinh nhu vay duogc goi la qué trinh sdng
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§3. SOng co hoc

Dinh nghia song co hoc

La qua trinh lan zruyén cac dao déng co hoc trong moi
truong dan hoi.

Piéu kién dé c6 séng co hoc

+ Nguon s6ng (Phan tir dao dong dicu hoa dau tién cia
MmOl trudng).

+ MOi trwomg dan hoi (SOng co hoc khong thé truyén

trong chan khong vi trong d6 khong co moi truong
dan hoi).
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§3. SOng co hoc

Mot s6 khai niém
Nguon séng: Vit gay kich dong dao dong

Tia s6ng: La duong song tir nguon song va chi phuong
lan truyén song. Thong thuong ta khong quan sat thay tia
song.

Mt s6ng: La quy tich cac diém cd dao dong cung pha &
moi thoi diém. Ta c0 thé quan sat thay mat song nudec. ..

Trwong séng: La khong gian ma song truyén qua.
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[1. Phan loai song

Duya vao phuong chiéu lan truyén song

<> >

Song doc
Phuong dao dong trung
véi phuong truyén sOng

! >
Song ngang

Phuong dao dong vuong
goc voi phuong truyén
song
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§3. SONng co hoc

Nguyén ly Huyghen

Song cau

N AN

Song
phang

Mat song
Mat séng g_gho'}[
& thoi 1em
diém t P ————

Mat séng &
thoi diém
t+ At

N

NZN

Mat song &
thoi diém
t+ At

« MBoi diém trén mit séng trd thanh mot ngudn phat song thi cap
e Mat bao hinh cua cac song cau thir cap s€ la mat song ¢ thoi diem sau
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§3. SOng co hoc

I11. Ham song
La ham lién hé gitra i 0 dao dong cua song vai khong
gian, thoi gian ma song lan truyén trong moi truong

X
Xét mot séng ngang xudt 1 )
phat tor nguon O va lan g v M )y
truyén theo phuong Oy. mm e I >

Gia str phuong trinh dao ddng tai ngudn O c6 dang;

X, (t) = Acos(wt) (1)
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§3. SOng co hoc

OM d
V V

Goi 7 la thoi gian song truyén tir O—M: 7 =

Nhan xét: Dao dong tai M ¢ thoi diém t chinh 1a dao
dong tai O & thoi diem (t—7) . M tré pha hon O

Xy, (1) =X, (t—7)

— Xy (1) = Acoso(t—7) = Acos(cot —a)%j = Acos(cot —i—”%)
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§3. SOng co hoc

bat: A=v.T la budc song (Quang duong ma song lan
truyén dugc trong mot chu ky)

— X, (1) = Acos(a)t —?j (2)
Phuong trinh (2) duoc gol 1a ham séng, m0 ta mdt song

ngang, phang, don sac, lan truyén theo phuong Oy
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§3. SOng co hoc

Nhan xét

Néu song truyén theo chiéu nguoc lai ttr M—O thi biéu
thirc ham song tai M c0 dang:

— X,, (t,d) = Acos(cot +%) (3)

Néu s6ng truyén trong mdi trudng thuc thi bién do cua
ham song s€ giam khi séng lan truyén:

Xy, (t,d) = % Acos(a)t — @j (4)
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§3. SOng co hoc

Tinh chat ciia ham so6ng
Tuan hoan theo thoi gian véi T: X, y (t+mT)

X, (t+mT) = Acos{a)(t+mT)——} Acos(a)t—@+2m7z)
— X, (t+mT) = Acos(wt—Tj Xy (t)

Tuan hoan theo khong gian véi A: x, (d)=x,(d+n)

Xy (d+nA) = Acos| wt - Zﬂ(d; M)} Acos(a)t —%— Znﬂj

— Xy (d+nA) = Acos(cot —%) = Xy, (d)
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§3. SONg co hoc

V. Nang lwong caa song co
Gia thiét MT truyén song 1a dong nhat, xét thé tich gV

aw =aW.+aw:

O'Wdzimu2 m=rxaVv MZQZ-WASM[VVZ- @)
2 dt /

aw, :%/’dVWZAZSinZ(Wt- zlﬂj

2
szll(dxj av @:K/Asin(m-zﬂ)
" 2al\dy dy v /

aw, :%/’dVWzAZSinZ[Wt- @j v=
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§3. SOng co hoc

= Ning luong ciia s6ng co: gia thiét moi trudng truyén
song la dong nhat, xét thé tich g

oW = /’dVWZAZSinz(Wt- %)
= Mat do nang luong

V= — = /’WZAZSinz[Wt- zlﬂ)

. 1
= Mat do nang lugng trung binh v, = 5 rwA?
= Nhu vay khong gian co song truyén Qua mang nang
luong. Nang luong nay do nguon song truyén tai Vi vay

qua trinh truyén séng con cé thé duoc coi la qua trinh

truyén ning luong. .



§3. SOng co hoc

N:iing thong ciia song, véc to Umop-Pointing
* Nang thong cua séng P truyél} gua mot mat nao do
trong mOI trudong vé mat tri s6 bang nang luong
o1 qua mat do trong mot don vi thoi gian
_vxar
at

P =V XSy

* (314 tr1 trung binh cua nang thong

P=v, XSV:%/’I/I/ZAZSV
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§3. SONng co hoc

« Xeét mat do nang thong trung binh cua song gui
qua mot don vi dién tich
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§4. Giao thoa. Nhiéu xa song co

|. Hién twong giao thoa song co

. Nguyen Iy chong chat song: Cac song do nhiéu
nguon truyén toi mot diém trong khong glan khong
nhiéu loan nhau. Dao dong ctia mot phan tir MOl
truong 1a tong hop cia cac dao dong thanh phan khi
nhiéu song gip nhau

» Nguon song két hop: hai ngudn séng co cling tan so
va cO do léch pha khéng doi theo thoi gian goi 12
nguon song két hop.

» Hién tuogng giao thoa song chi xay ra doi voi nguodn
song két hop va xay ra doi voi ca song ngang, song

doc
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§4. Giao thoa. Nhiéu xa song co

Khao sat hién twong giao thoa song P S
x,, () = A, coswt; x,,(t) = A,cosws ?1 1‘1 ! r°2“‘*
xl(t):A1COS(Wt- 2'[/7’1); x, (¢) :Az[ 2,(/71’2)
x,,(£) = Acos(wr +f)

. 2P
20 AZSIH—(rl- rz)
A= A7+ A2 +24,4,c08=~(r,- 1) tanf = 5
/ A+ A, COSTp(rl- rz)
A=A +A, khin-r=k —Cuc dai giao thoa

:‘Al_ Az‘ khi ¥, -, :(2k+l)/ /2 —Cuc tiéu giao thoa
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Song dirng

= Song dirng: 14 hién tuwong giao thoa cia hai song phdng
cung bién do va tan so lan truyén nguoc chiéu nhau

(sdng toi va song phan xa)

t=3.1416

-
- @ L -
o o o o

12
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Song dirng

Picu kién séng dirng

+ S6ng dimg trén soi day c6 A (k=123
hal dau co dinh

+ Song dung trén soi day co 1
mot dau ¢ dinh, mot dau (= (k)7 (k=0.02,5,.)
tu do

+ Cuc da1 (Bung song)

2rwd
COS ——

] Khi d= ]‘2—’1 (k=0:+1:42:.)

+ Cuc tiéu (NGt song)

2rwd
COS ——

—0 Khi d:(2k+])§ (k=0:+1:%2;..)
4
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song am

= SOng am, theo nghia hep, 1a s6ng co truyén trong moi
truong vat chat khi truyén dén tal nguoi gay ra cam
giac am.

» Tuy nhién ngay nay khai niém song am dugc mé rong
bat ké la ching co gay ra cam giac am hay khong vi
vay song am duoc dinh nghia la “nhirng song co lan
truyén trong moi treong vat chat”

= Piéu kién dé c6 song am

» Phai ¢4 ngudn phat séng am
e Phai c6 mot moi truong vat chat (séng am khong
truyén trong chan khong)

41



Phan loai song am:

Song &m duogc phan loai dua trén tan s6 song (dwa trén
cam giac am ma song am gay ra). Co 3 loai sbng am

» S6Ng ha Am: s6ng &m ¢ tan s6 nho hon 16 Hz

» S6Ng Am nghe dwoc: tan s6 16 Hz < f < 20000 Hz

» S6Ng siéu am: séng &m ¢ tan s6 16n hon 20000 Hz

-‘Tai nguoi chi nghe duoc nhitng séng ém’nghe duoc co
tan sO trong khoang %6 — 20000 Hz. M6t so loal dong vat
nhu doi, ca heo ¢6 thé nghe dugc sdng siéu am

42



Dac trueng cia am

Tédn s6 am: tan so6 dao dong ctia cac phan tir moi trudng co
song 4m truyén qua.

Cwong dé am: Vi séng am 1a séng co lan truyén trong moi
truong vat chat nén khi séng &m truyén dén dau sé 1am cho
phan tor moi truong dao dong & d6. Nhu vay song am
mang nang lugong.

Cwong dé dm | tai mét diém 1a dai lugng do bang ning
lwong ma song am truyén qua mot don vi dién tich vudng
goc véi phuong truyén song dit tai diém do, trong mot don
vi thoi gian.
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Dac trueng cia am

* Murc cuong do am: thay vi str dung cuong do am, mirc
cuong do am la dai luong duoc st dung dé dac trung
cho su manh yéu cta séng am.

« Muc cudng d6 am 14 logarith thap phan cua ti so gitra
cuong do thuc té trén cuong d6 &m chuan

* I, la cudng do &m chuan

Cubng dg am | Iﬂ

1/, 1000
Igl/1, 0 1 2 3

e Muc cuong do am [ = |gi



song am

* Pon vi cua muc cuong do am: ben (B)

* 1 ben la mirc cwong d6 am cua séng am co cuong do
bang | = 101,=10-* W/m?. 1 ben la tuong doi 1én nén
trong thuc t€ nguoi ta sir dung don vi dé xi ben (dB)

1dB = iB
10

L(dB) :10|g[i

0
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* Am co ban, hoa am: Modi nguon am thu’O’ng phat ra
mot am CO tan so dic trung (f,). Dong thoi voi am co
ban, nguon am cing phat ra mot loat &m ¢ tan so tuong
ing 14 boi s6 clia tan so6 dic trung (2f,, 3f,, 4f, ...).

. Am co tan so f, dugc goi 1a A&m co ban cONn nhitng am
cO tan sb 21, 3f0, 4f, ... duoc goi la hoa am tuong ng
bac 2, bac 3, ...

. Tap hop tat ca cac &m phat ra goi 1a &m phd. Mbi mot
nguon phat cé mot am pho dac trung riéng
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song am

Dac trung sinh ly ciia am

* Pé cao ciia &m: Pic trung cho do tram bong ctia am.
P cao cua am do tan s6 cua am quyét dinh. Am cao
hay thap phu thudc vao tan s6 am.

* D¢ t0 cua @am: Do to ciaa @m phu thudc vao bién do
dao dong cua am (nang luong). La dai luong dac trung
cho sy manh yéu cua am vé mat sinh ly (gay ra cam
giac am).

« Am sdc: LA dai luong dic trung cho sac thai ciia am
(Du duong hay tho kéch, trong hay duc)
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Siéu am va wng dung
Pac tinh ciaa siéu am:

Co tinh dinh hwéng cao: Khi truyen trong moi truong coO
thé truyén thang thanh tia nhu tia sang.

Tinh hdp thu: SONg siéu am bi hap thy manh trong khong
Khi, it bi hap thu trong chat 16ng. Rat it bi hap thu trong
klm loai.

Nang lwgng cua sieu am: Tan s6 cua Siéu am 16n hon
nhiéu SO véi tan so cua song am nén siéu am mang
nang lwong 16n hon Song am rat nhiéu.

Ap sudt siéu am: Do c6 tan s6 &m I16n nén siéu am gay ra
mot ap suat am dang ké.
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Ung dung ciia Siéu am

Trong cong nghiép: SOng siéu am duoc tng dung dé do
d6 sau cua day song, day bién, tim 16 hong trong cac san
pham dtc bang kim loai, bé téng. ..

Thiét bi tham dO dudi bién hién nay la sona (hoat dong
theo nguyén tic ctia rada): Sona gdbm mot may dat mat
ngoai cua day tau, may nay phat ra chum siéu am hep.
Gip day bién hodc dan ca...séng &m phan xa roi vao may
thu do6i khi chinh la may phat.
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song am

Trong y dwec: Chita bénh nhu than kinh, té thap, kiém
tra, chuan doan bénh..., dung song siéu am pha vo cac
VIEn soéi trong than, cac cuc mau dong.

Trong néng nghiép: Xt Iy mot s6 hat giong thuc vat dan
dén Kkich thich qua trinh sinh truéng, phat trién lam tang
nang suat...

Trong ngw nghiép: Tham do dan ca trén bién qua dé cé
thé chon thoi diém danh bat thich hop...

o1



Hiéu wng Doppler

Hiéu @ng Doppler: LA nhiing thay doi tan s6 ctia am lién
quan dén chuyén dong.

Cong thire Doppler

* Nguoi quan sat M (may thu) dtng yén, nguon am S
chuyén dong lai gan ngudi quan sat.

f'= f

Vv

V=V

* Nguoi quan sat M (may thu) dtng yén, nguoén am S
chuyén dong ra xa nguoi quan sat

f'=

Vv

f

V+VS 50



Hiéu wng Doppler

* Ngudn am S dimg yén, nguoi quan sat M chuyén dong lai
gan ngudn am.

V+V

fl=—""f

* Nguon am S dung yén, ngudi quan sat M chuyén dong ra
Xa ngudn am.
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* Ca ngudn am S va nguoi quan sat M (may thu) chuyén

dong.
/\viv

“+” néu may thu chuyén
dong lai gan nguon phat;
" 77

—” néu may thu chuyén
dong ra xa ngudn phat

i“ 77

—"” néu ngudn phat chuyén

dong lai gan may thu; “+”
néu nguon phat chuyén

dong ra xa may thu
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Hiéu wng Doppler

ffng dung

+ Hiéu tng Doppler tng dung rong rai trong ki thuat dé
do toc dd cua nhitng vat ma ta khong tiép can duoc.

+ Hiéu tng Doppler véi song cuc ngan dugc tng dung dé
do toc do cua may bay, xe tang, 0 t0, xe may trong kiém
soat giao thong, cua qua bong tennis, cai lao,...

+ Hiéu (g Doppler véi sdng anh sang nhin thay cho phép
cac nha thién van xac dinh su chuyén dong cua cac ngoi
sao, thién ha doi voi Trai Dat.
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