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PHAN I: TOAN BO SUNG GIAI TICH VECTOR

1. Hé toa do Pé cic (Descartes)

z Trong hé toa dd P& cic, ba truc Ox, Oy,
Oz vudng goc véi nhau.
k r A Vector OA = T ¢6 thé bi€u dién :
= OA=xi+yj+7k
5 y M (1)

Hay T:O—A:Xéx +ye€, +z€,
X, Y, z : thanh phan clia vector T trén ba truc;
i,j,k :Céc vector don vi.
Vay c6 thé bi€u dién vector T dang T (X,y,z).
Thé tich vi phan dv dugc tinh :
dv=dx dydz

II. Hé toa do tru

y4 Trong hé toa dd try, vi tri clia di€m A bat
ky dugc xdc dinh bdi ba toa dd p, ¢, z.
p : hinh chi€u ctia T trén mit phing xOy.
@ : gobc gitta Ox va p.
z : hinh chi€u cla T trén truc Oz.

y

X
Vay, vector ban kinh T cla diém c6 thé dugc viét dudi dang :
r=pe, A +ze€, 2)
Biét ba toa d6 tru cia mot di€m ta cé thé xdc dinh dude ba toa dd Pé céc
clia di€ém 4y bing phép bién ddi :

O—A’zApép+A(péq)+AZéZ (3)
X=pCos
y=psing hoge |® :afCtgi )
z=z =17
ds=pdodz : dién tich vi phan
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dv =ds. dp = p dpdzdp : Thé tich vi phan.

II1. Hé toa dd cAu

X

Trong hé toa dd cau, vi tri cia di€m A bat ky dugc xdc dinh bing toa do r,

Trong doé :
r: d6 dai cda vector bdn kinh T
0: gbc gitta Oz va T
¢ : dinh nghia nhu trong hé toa do tru.
Céc vector don vi trong hé toa do cAula : €,,€, va éq) .
Trong doé :
€. : Vector don vi doc theo truc T .
€, : Vector don vi ndm trong mat phing kinh tuyén di qua A va
vuong géc vé6i €, c6 chi€u theo chiéu ting cla 0.
é(P : Vector don vi dugc dinh nghia nhu trong hé toa do tru. Vay,

—

vector ban kinh clia diéfm Acé6dang: I = T'€ | (5)
Ta c6 su lién hé giita ba toa do ciu vé6i ba toa dd Pé cdc cia mot diém nhu
sau :

OA:Arér +Ae_ée +Apé¢ (6)
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[ 2 2 2
X=r sin0 cos @ FENX Y HL

y:rsine sin(p (7) 0= arccos; (8)
z=rcos0 Vx2+y2+z2
Q= arctgz
X
dS =r sin® dordd = r* sinBdBdo
T 2r

= S:j Irz sin@dOdo =4rr’
0 0

r 2

2, 4,
dV =r’sin0d0dedz = V=| [ [r’ sm@d@d(pdrzgnr

0
Nhan xét :

1. Tuy theo tinh chat ctia chuyén dong, ta c6 thé chon hé toa do thich hgp dé
md ta chuyén dong. Thong thudng, néu chit di€ém chuyén dong theo mot dudng
thezmg ta chon hé toa d6 Pé cédc, néu chat diém chuyén dong quanh mot truc ta chon
hé toa d6 tru, con néu chat di€m chuyén dong quanh 1 tim ta chon hé toa do cau.

2. Trudng hop chat di€m chuyén dong trong mot mit phing ta thudng xét
trong mit phing z = 0. Khi d6 hé toa do Pé cdc c6 2 toa dd x va y, con cdc hé toa
dd tru va ciu suy bién thanh hé toa do cuc, titc hé cé hai toa do 1a r va ¢.

3. C4c hé toa do Pé cdc, tru va ciu déu 1a cdc hé toa dd tryc giao. Céc
vector don vi doc theo cic truc déu vudng géc vdi nhau tirng ddi mot.

IV. Cac phép tinh vector

IV.1. Phéan tich mdt vector ra céc thanh phan truc giao

Thudng mot vector dudc xdc dinh ddi véi mot hé toa do. Mot vector c6 thé
dudc phan tich ra cdc thanh phan theo cdc bién sd khong gian clia hé toa do tuong
thich d€ tién viéc phan gidi. Cc hé toa do thudng diing 13 hé toa d6 P¢é cdc, hé toa
do tru va hé toa @6 cau.

Mot vector A c6 thé viét dang :

A= Ad

U goi la vector don vi trong hé toa do Pé cic Oxyz, U song song va cling

chidu A va [t=1.

— —

Céac vector don vi 1 , j, k hudng doc theo 3 truc Ox, Oy, Oz. C6 thé phan
tich :

Poan Trong Thi Khoa Ogt Ly
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OA =xi +yj+zk
‘O—A‘ = Jx*+y’+7

IV.2. Phép cdng vector

Pé€ x4c dinh phép cong vector, ta xét trudng hgp dich chuyén nhu sau :

<\
<

\Z

N&u mot chat diém di tir A dén B dugc bi€u dién béi d | va sau d6 chat diém
di tt B - C dudc bi€u dién bdi 512. Viy c6 thé xem di€m di dich chuyén mot
khodng d dé di tir A — C. C6 thé viét d=d, +d,.

Phép cOng vector c¢6 tinh giao hodn :

V=V,+V, =V, +V,
Ta 6 : AC* = AD* +DC?
AD=AB +BD =V, + V,cos0

Do vay :
Vi= (Vi + V> cos0 )2 + (stinﬁ)2
=V, + V2242V, V,cos0
= V= [VZ+V2+2V,V, cos 0 (8)

A \2 B V,cos® D

* Piacbiét: V, va V, thing géc nhau — 0 = n/2

Khidé: V=V +V;

IV.3. Hiéu hai vector

Ta xem :

Poan Trong Thi Khoa Ogt Ly
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]_j :{]l —\72 :vl + (_{]2)
D= \/Vf +V;+ 2V, V, cos(n—0) )
D= V2 +VZ-2V,\V,cos6

Phép trir vector khong c6 tinh chat giao hodn.

IV.4. Cong nhiéu vector

Ta md rong cho trudng hop cong hai vector V=V, + V,+V, ..., dé thay
ring ding phép tinh tién ta 1an ludt sip x&p sao cho miii cla vector nay trung véi
di€m diu cla vector k€& ti€p, vector tong sé& 1a doan thing ndi lién di€m diu cda
vector ddu tién dén di€m miii clia vector cudi cling.

D6i véi hinh bén ta ¢6 :

V=V+V,+ V,+V,

E
4><l

X \
v, /“v
)\72

Xét vector tong trong mit phang xOy ta c6 :
V= (V, 04V, D+, 04V, )+
=(Vy +V, +.)1+(Vy +V, +.0]
=V, 1+V,]

Trongdé: V, =V, +V, +...=ZV1X :ZVi cosa,
V, =V, +V,, +...:ZViy =ZVi sin oL,

a; 12 géc hgp bdi V. va truc Ox.

Vicosay, Visinoy 14an lugt 1a thanh phan clia V, theo hai truc Ox va Oy.

IV.5.Tich vo huéng

Tich v huéng cda hai vector A va B kihiéu A.B (doc1a A chim B) dugc
xdc dinh 12 mot s6 vo hudng nhu sau :
A.B=A.B.cos6 v6i 0 1a géc hop béi (A ,B) (10)

V6i dinh nghia trén ching ta dé dang suy ra mot s tinh chat sau : V6i
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Néu A L B thi A.B=0

Tich v6 hudng ¢6 tinh chat giao hodn: A.B=B.A
Tich vo hudng c6 tinh chat phan phdi: A

Céc vector don vi 1, ],k c6 tinh chat :

IV.6. Tich vector

Cho hai vector A va B. Tich vector A va B ki hiéu A x B (doc A nhin B)
dudc xdc dinh 12 mot vector thing géc v6i mit phang chita A va B, c6 chiéu tuin
theo qui tic “vin nit chai “ va c6 do 16n :

\AXE\=A.B.sine ,0: géchdpbdi(A, B) (11

Tur dinh nghia trén ta ¢ cdc tinh chit sau : A X B
AxB=—BxA B
Ax(B+C J=AxB+AxC |

Tx?:]x}:ExE:o : A
Txj=k; jxk=1:kx1 =] LBxA

Cho hai vector :

A=A i+A j+Ak
B=B,i+B, j+Bk
:AXB:(A)’BZ _AZB)’)_{_(AXBZ _AZBX)3:+(AXB)’ _A)’BX)E

i ] ok
Hay AxB=|A, A, A,
B, B, B,

IV.7. Vi phén vector

Cho ham s6 vector f(s), tic vector f phu thudc vao bién s3 s.
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d—f: lim f (S+ ds)— £6) : dao ham vector f (12)
ds 4s—>0 As
Ta c¢6 mot s6 tinh chat sau :
9 (3.5)-98 4B
ds ds ds
dzxp-2 5.8 2
ds ds ds
9 (AxB)=22xB + Ax 22
ds ds ds
d( -\ dD - dA
—|DPA J=—A+D— 5i & vO hué
ds ( ) ds ds (v6i ¢ vO hudng )

Pao ham riéng phin : Cho A(x,y,z). Vi phan ciia A theo mot bién s& goi
12 dao ham riéng phan :

% ~ lim A(X+Ax,y,z)—A(x,y,z )

Ox  M&-0 AX

(13)

Tinh chdt : vi phan riéng phin c6 cdc tinh chit gidng vi phan vector néi
trén.

V. Céc todn ti dic biét thudng dung trong vat 1y

V.1. Gradient

Cho mo6t ham v6 hudng U(x, y, z), gradient cia U dudc ki hiéu la
gradU=VU, véi :

yuUs QU= UL .

Ox oy oz

V.2. Divergence

Cho ham s3 vector A(x,y,z), divergence cia A ki hiéu 1a DivA=VA,

Véi :
- OA
Gi_0A, OA, oA,
Ox oy 0Oz
Trongds A=A i+A j+Ak (15)

V.3. Rotationel (Curl)

Cho ham s6 vector A(x,y,z), Curl cda A kihi¢ula RotA=VxA | véi:

Poan Trong Thi Khoa Ogt Ly
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PHAN II: CO HOC
CHUONG I:PONG HQC

1.1 Khai niém

Trong chuong nay, muc tiéu 1a nghién ctu su chuyén dong clia vat thé dudi
hinh thiic dong hoc chat diém, ching ta chi gidi han viéc mo td chuyén dong ma
chua dé€ ciap d&€n nguyén nhan giy ra chuyén dong. Ta xét mot vai khdi niém co
bén :

1.1.1- Chuyén dong cd hoc

Chuyén dong co hoc 1a sy thay ddi vi tri cta vat nay doi véi vat khic hoic
cda phan nay doi vdi phan khac cla cling mot vat.

Chuyén dong clia mot vat cé tinh cht tuong ddi, khi néi dén chuyén dong
clia mot vat nao d6 phai xem né chuyén dong d6i véi vat nao. Khi @6 chuyén dong
clia vat dugc xem Ia sy thay d6i toa do khong gian theo thdi gian so vdi vat dudc
qui udc ding yén. Khai niém ding yén ciing chi c6 tinh chat twong doi, cho dén nay
ngudi ta chua tim dudc vat nao ding yén tuyét doi cd. Ngay mit trdi ciing chuyén
dong xung quanh tAm thién ha cta ching ta va thién ha ndy ciing chuyén dong
tudng doi so vdi cdc thién ha khac trong vil tru bao la.

1.1.2 Hé qui chi€u

Chuyén dong cd hoc c6 tinh chit twong d6i, vay khi xét chuyén dong clia
mot chat di€m can xdc dinh ré di€m 4y chuyén dong so vdi nhitng vt niao dudc
xem la ding yén.

Hé vit ma ta qui uéc la diing yén va diung lam moc dé khdo sdt, xdc dinh vi
tri ctia diém chuyén dong dvoc goi la hé qui chiéu.

Khi kh3o sit chuyén dong ta c6 thé chon hé qui chi€u nay hay hé qui chi€u
khac. Cin chon hé qui chi€u thich hgp sao cho viéc mo ta va nghién citu tinh chat
chuyén dong dugc don gidn nhat.

DPé& md ti chuyén dong trong pham vi khong 16n trén bé mit qua dat, thudng
ta chon hé quy chi€u 13 qui dat hay mot hé vat nao d6 khong chuyén dong ddi véi
trdi dat. Vi du, d€ nghién cttu chuyén dong ctia mot qua dan phdo, c6 thé chon hé
qui chi€u 12 mit dat hay chinh 14 khau phdo.

Trai dit chuyén dong chung quanh mit trdi, do vay trong mot sd trudng hop
khi nghién ctu cic chuyén dong trong thai duong hé, tAm mat trdi dudc chon 13 hé
qui chi€u. Piu th€ ky 17, nhd st dung hé qui chi€u mit trdi (hé qui chiéu
Copernic), Kepler méi tim dugc qui luat ding din md td chuyén dong cla clia cic
hanh tinh trong Thdi duong hé. Mic du dugc md td khac nhau trong cdc hé qui
chi€u khic nhau, nhung néu biét chuyén dong tuong d6i clia cdc hé qui chi€u, c6
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thé tir cich md td chuyén dong ddi vdi hé qui chi€u nay suy ra cich mo ta chuyén
dong d6i véi hé qui chi€u khdc. Vi du, biét chuyén dong tron ctia mot diém trén
vanh xe dap d6i vdi xe dap, biét chuyén dong cla xe dap d6i vdi mit dudng, c6 thé
xdc dinh dudc chuyén dong ctia mot diém trén vanh xe dap d6i vdi mit dudng.

Trong cd hoc, khi nghién cttu chuyén dong ctia vat thé don gidn, nhiéu lic
c6 thé bd qua 4nh hudng do kich thudc, hinh dang cla vat va lyc cidn clia moi
trudng. Lic d6 xem vat nhu 13 mot chat diém. Trong thuc t&, tily trudng hgp cu thé
ma ta c6 thé xem vat 1 chat di€m hoic ¢ thé.

Hé qui chi€u chuyén dong thing, déu goi 1a hé qui chi€u quén tinh.

1.1.3 Khong gian va thdi gian

Khi chat diém chuyén dong thi vi tri tuong doi clia né sé& thay ddi trong
khong gian theo thdi gian.

Thdi gian trong cd hoc c6 dién duge xem Ia troi déu din tir qua khi dén
tuong lai, ddng nhat va khong quan hé dén chuyén dong ctia vat chat. Khong gian
ciing dugc xem la trong réng, ddong nhat, ding hudng, cé 3 chiéu va tuan theo hinh
hoc Eudide, khong lién quan dén chuyén ctia vat chat. VAt Iy hoc hién dai chi ra
ring thoi gian va khong gian 1a hai pham tru vat chat lién quan nhau va chiu anh
huéng bdi chuyén dong clia vat chat. Tuy nhién, khi nghién ctu chuyén dong cila
nhitng vat vi mo vdi van tdc rat bé so vdi van tdc 4nh sdng, cdc quan niém clia co
hoc ¢ dién dugc xem 12 gin ding va c6 thé sit dung d€ mo ta chuyén dong. Lic d6
c6 thé xem cdc do dai va khodng thdi gian 12 nhu nhau trong moi phép do.

1.2 Phuong trinh chuyén dong va Phuong trinh quy dao

1.2.1 Phuong trinh chuyén dong

Trong chuyén dong cd hoc, vi tri clia mdt chat diém sé& duge xdc dinh hoan
toan néu ta bi€t 3 gia tri vé s6 do clia toa dd. VAy d€ xac dinh chuyén dong ctia mot
chat di€m, ta can biét vi tri ca di€m Ay tai nhitng thdi di€m khdc nhau, tifc can biét
vector ban kinh clia chit diém 12 ham clia thdi gian :

r=r(t) (1.1)

Phuong trinh trén bi€u dién vi tri clia chat di€m theo thdi gian va goi 1a phuong
trinh chuyén dong cta chit diém. Vay, trong hé toa dd Pécac ta c6 :

x=x(t) ; y=y() ; z=z) (1.2)

Tuong tu trong hé toa do tru ta c6 :
p=pt) ; o=0() ;z=2(1) (1.3)

Trong hé toa do ciu ta c6 :

r=r; 0=0601 ;=) (1.4)
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G mdi thdi diém t, chat di€m c6 mot vi tri xdc dinh va khi t bi€n thién thi
chat diém chuyén dong mot céch lién tuc, vay ham T(t) 1a nhitng ham xdc dinh,
don tri va lién tuc cia t.

1.2..2 Phuong trinh qui dao

Khi chuyén dong vi tri clia chat diém ludn ludén thay d6i, vach thanh mot
dudng lién tuc trong khong gian, d6 1a qui dao cda chit diém chuyén dong. Hay c6
thé xem qui dao ciia chit di€ém chuyén dong 1a dudng tao bdi tip hop tit cd cdc vi
tri cia né trong khong gian trong sudt qua trinh chuyén dong.

Biét hé phuong trinh chuyén dong c6 thé suy ra dudc phuong trinh qui dao
bing cdch khit t khdi cdc phuong trinh d6. Ching han, trong hé toa do Pécac, khit t
khoi hé phuong trinh (1.2) ta dugc :

fixy)=0; fiy,z2)=0

f1(x,y) = 0 13 phuong trinh dudng cong C; nao d6 trong mit phing (xOy),
f,(y,z) = 0 1a phuong trinh dudng cong C, nao dé trong mit phing (yOz).

Vay hé phuong trinh md td qui dao chuyén dong clia chit di€ém goém hai
phuong trinh vd huéng doc 1ap, mdi phuong trinh md td mot mit cong trong khong
gian. Qui dao ctia chat diém chinh 14 dudng cit clia hai mit cong dé.

Trong cdc hé toa d6 khac nhau, cdc phudng trinh qui dao néi chung c6 dang
khac nhau, nhung ching cing mé td mdt qui dao xac dinh.

Qui dao 12 mdt trong nhitng dic trung co ban clia chuyén dong. Tuy nhién,
trén cing mot qui dao, chat diém cé thé chuyén dong theo nhitng qui luit khic
nhau. Vi vdy, ngoai phuong trinh qui dao chiing ta cAn phai bi€t qui luat chuyén
dong ctia chat di€m trén qui dao d6.

1.3 Van toc

1.3.1 Pinh nghia vén toc

Ngoai vi tri, chuyén dong ciia chit di€m con dudc dic trung bing van tdc
clia né. P€ dic trung cho ci phuong, chiéu va dd nhanh chim cda chuyén dong
chat di€m, ngudi ta dua vao mot vector goi 12 vector van tdc.

Trong chuyén dong thing déu van téc dudc x4c dinh bing ti s§ giita quing
dudng dich chuyén ciia chit diém va khodng thdi gian ma chit di€ém dich chuyén
hét quiang dudng d6. Trong chuyén dong thing khong déu, vat chuyén dong lic
nhanh ldc chdm va & mdi thdi diém chuyén dong dugc dic trung bing mot van toc
khac nhau.

*- Xét chuyén ddng ctia mot chit diém trén dudng cong ¢ :
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Ta chon mot di€ém O trén dudng c 1am gbc va chon chiéu dudng 13 chiéu
chuyén dong ciia chat di€ém. Gia st & thdi di€m t, chit di€m & vi tri M xdc dinh béi
hoanh dd cong s(t), & thdi diém t + At chat diém & vi tri M’ tuong dng v6i s + As.
Vay trong khodng At chit di€ém dich chuyén dugc mot quing dudng As.

Quing dudng trung binh chit di€m dich chuyén dudc trong mot don vi thdi
gian dudc dinh nghia 13 van tdc trung binh clia chit diém trong khodng At :
As
At

Xét trudng hop hat chi dich chuyén theo phudng Ox. N&u trong khodng thdi
gian vo cling bé dt hat dich chuyén dudc mot doan dudng vo ciing bé dx thi trong
khodng thdi gian &y chuyén dong c6 thé xem 1a déu va c6 thé xem van toc tai thdi
diém t 1a:

VvV =

Ao At dt
Vay van tdc biing dao ham cilia toa do theo thdi gian va ndi chung 12 ham
cta thoi gian v = v(t).
Biét bi€u thic van tdc, c6 thé xdc dinh duge quing dudng di clia hat trong
khodng thdi gian cho trudc. Néu chon goc toa do tai x = 0 12 vi tri cda hat & thoi
diém t=0 thi vi trf cia hat § thdi di€m t dudc xdc dinh nhu sau :

t
dx=vdt = x(® = [v(tdt
0
Trong trudng hgp tdng qudt, khi chuyén dong khong déu va c6 phuong thay
ddi thi van tdc clia hat dugc dinh nghia 13 mot vector, bing ti s6 clia vector d6 ddi
ds chia cho khodng thdi gian vo cling bé dt d€ hat di dudc do ddi &y. Goi vector
V1a vector van tdc, ta ¢6 :

Né&u chon tai thdi diém t = 0 chat diém & gbc 0 (s = 0), thi vi tri clia chat
diém & thdi di€m t dudc x4c dinh :

s:jv(t) dt

Xét cd phuong, chiéu ta c6 :
_ ds
V=—"o
dt
Chiéu cia vector V tring véi vector dd doi dS , tifc § mdi thdi di€m, vén tdc
huéng theo phudng ti€p tuyén véi qui dao va theo chiéu chuyén dong clia hat.
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V(1)

V(t+ At)

O
Hinh 1.1

Vector van toc tai mot vi tri M 1a mot vector V c6 phudng nim trén tiép

tuy€n vdi qui dao tai M, c6 chiéu theo chiéu chuyén dong va cé gié tri bing tri
tuyét doi clia v.

Goi T 1a vector don vi, ti€p tuyén véi qui dao tai diém M va hudng theo
chiéu chuyén dong ctia chit di€m, thi :

. . ds
V=vi=— 1.5
dt (1.5)
Vay vector van tdc 12 ti s6 gifta vector dich chuyén vo ciing bé dS cilia chat
di€m vdi khodng thdi gian vo cling bé dt d€ chat diém di dugce d6 ddi ds.
Bay gid 13y hai vi tri vd cling gan nhau ctia hat, &ng v6i cdc vector ban kinh

T va T+dT. R6 rang 12 vi phan clia vector ban kinh dT bing d6 ddi vo cling bé
dS cda hat:

dr=ds
Vay c6 thé viét biéu thifc van toc :
_ dr
V=—vn
dt

Vay, van toc ctia chit di€m tai mot di€m nio d6 bing dao ham bic nhat theo thdi
gian clia vector ban kinh tai dié€m d6.

Thit nguyén ctia van toc 1a LT va don vi la (m/s)

1.3.2 Bi€u thiic ctia van tdc trong cic hé toa do

a) Trong hé toa dé Pécac :

Do dich chuyén vi phan clia chat diém :

ds=dxe, +dye, +dze,
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€, 1
e, =]
€ k

Theo (1.5)tacéd:
_ ds dx. dy. dz.
V=— = +—2¢6 +—¢

=——¢e R
dt dt * dt 7 dt ” (1.6)

Goi vy, vy, V, 1a thanh phﬁn clia V trén cdc truc toa do :
V=v,e, +Vv.e +v.e,

dx .
vV =—=X
dt
dy .
Viy : ATt
dz .
V,=—=7%7
dt

Chat diém chuyén dong bat ki trong khong gian ¢ thé xem dong thdi tham
gia ba chuyén dong thing trén ba truc toa do Pécac véi cdc van tdc tuong dng vy,
Vy, V.

Do 16n vector van tdc :

2 2 2
V:\/VX+Vy+VZ (1.7)

s A ~, e R e A A N <A 2 2 ~
v cho bié€t chat di€m chuyén dong nhanh hay chim, con chiéu cua né xidc
. PN e A ~, s R A ~
dinh chiéu chuyén déng ctia chit di€ém trén qui dao.

-V - Yy .V
cos(Ox,v)=—= , cos(Oy,v)=—- , cos(Oz,v)=—= (1.8)
A% \% \
b) Trong hé toa do tru
ds=dpe_ +pdpe +dze,
+p—€,+t—F€ (1.9)

Céc thanh phan cda vector van tdc trong hé toa do tru :

dp .
V. =—=
Podt P
_do_ .
Vo= dt po
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dz .
V,=—=2
dt

Dya trén tinh chat truc giao clia hé toa do tru, ta dé dang suy ra gid tri clia
vector van toc :

V=\/Vi+V§+V§ =P +p P+ 2] (1.10)

c) Trong hé toa dp cdu

ds=dr €, +rdB €y +rsinb do €,

_ dr_ do . .~ do .
= V= —¢€,+r —¢€,+rsin0 —¢€, (1.11)
dt dt dt
Céc thanh phan cda vector van tdc trong hé toa do ciu :
dr .
vV, =—=F
dt
do .
Vo=T —=r10
dt

.~ do o
v =rsin® —=rsin0
® dt ®

Dua trén tinh truc giao cda hé toa do cau, suy ra dudc gid tri clia vector vin

V:\/Vf+vé+v(2P :\/f2+r292+rzsin29(p2 (1.12)

1.3.3 Van toc goc va van toc dién tich

a) Vén toc géc

Trong phan trén chiing ta dd dua vao cic dai ludng dic trung cho sy thay ddi
nhanh hay chdm cta toa d6 géc theo thdi gian 1a 0 va ¢, cdc dai lugng nay dudgc goi
1 van toc géc. PE xdc dinh dugc chiéu clia van téc géc, ta qui udc nhu sau :

Né&u vector ban kinh T quay mot géc 0 theo chiéu vin dinh ¢ thuin thi dinh
oc tién theo chiéu cla vector van tdc géc ©® . Goi 1 1a vector don vi doc theo ® ,

ta co:
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e

el

I‘I
=

[l
@.
=i
-
[e—
N/
<l

Hinh 1.2
Lic d6 vector van tdc géc @ , vector ban kinh T va vector van tdc V cla

chat diém chuyé°n dong tao thanh mot tam di€n thudn, ta c6 hé thuc :
V=0 X T (1.14)

b) Vén toc dién tich
Van t6c dién tich 12 mot dai lugng cé gia tri bing dién tich ma bdn kinh
vector quét dugc trong mot don vi thdi gian va c6 chiéu cling chiéu véi van tdc goc

dS.
=—n

V.=
dt

(1.15)
Tu hinh (1.2) ta ¢6 :

dS=%(r+dr )r sin(0)

B4 qua cdc s6 hang vo cling bé bac hai ta dugc :

dS=lr2 do
2

Cong thic trén c6 thé viét dusi dang :

v =%f X [Coxf]

S

K&t hdp cdc cong thifc ta c6 :
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. 1l o
VS=E[TXV] (1.16)

1.4 Gia toc

1.4.1 Do cong va ban Kkinh chinh khic

Xét chit diém chuyén dong trén
dudng cong C. Gia st & thdi diém t,
chit diém & P Sau dé, & thdi dié?g\

t, = t; + At chit di€m & P,. Xem P, P,

12 mot cung bé bat ki cia C. Qua

P,, P, va mot di€m bat ky P trén cung
do ta v€ mot vong tron thi cung PP, c6
thé xem gan ding 12 mot cung cia vong
tron 4y va cang dﬁgg\né/u P, va P, cang
gan nhau, tic khi P, P,cang bé. Qua hinh Hinh 1.3

vé ta thdy védi cling do dai As, géc Ag s& 16n khi doan As cang cong. Ngudi ta dinh

nghia do cong trung binh K nhu sau :
K=— 1.17
As (1.17)
Khi P, ti€n dén P, thi K dat dén gi4 tri gidi han goi 1a dd cong clia qui dao.
. A d
K= lim =2 = &2
As—0 As  ds
Lic d6 vong tron trén dén mot vi tri gi6i han goi 1a dudng tron mat ti€p vdi
dudng cong c tai P;. Goi R 12 bdn kinh ctia dudng tron mat ti€p 4y thi :

ds =R do

I do

qy - K=—=—"
Vay : —— (1.18)

D6 cong clia qui dao tai mdt di€m dudc xdc dinh bdi nghich dido cla béan
kinh vong tron mat ti€p tai di€m 4y.

Mit phing chita dudng tron mat tiép véi dudng cong goi 13 mit phing mat
ti€p v6i dudng cong tai di€m tuong wng. Phap tuyén vdi dudng cong tai di€m Ay va
nim trong mit phiang mat ti€p dugc goi 1a phap tuyé&n chinh va ban kinh cla dudng
tron mat ti€p tuong ¥ng goi la ban kinh chinh khic tai diém di cho.
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1.4.2 Gia toc ti€p tuyén va gia toc phap tuyén

N6i chung, van tdc ctia mot hat ludn ludn bién ddi cd vé do 16n 1in phuong
chiéu. Pai lugng dic trung cho sy bién thién cla van tdc theo thdi gian goi la gia
tdc va dugce xdc dinh bing dao ham cda van toc theo thdi gian.

(1.19)

Vay gia tdc clia hat bing do bién thién cla van tdc trong modt don vi thoi

_ dv
a=—
dt

gian.
_ ds
Taco: V=—-o
aco at

N&u goi T 1a vector don vi doc theo phuong ti€p tuyén clia qui dao chuyén

dong thi: V=" 7= v
thi: V="7"1=
ong t dt
Thay (1.20) vao (1.19) ta c6 :
. dv _ dt
a=— T+ V—
dt dt
dt dt do ds
Taco: = —/

dt  do ds dt
S .
Trong d6 a&t =V la vén tdc cda hat,

qui dao tai di€ém dang xét.
dt v di

Vay: dt R do

(1.20)

(1.21)
(1.22)

1
R v6i R 1a ban kinh chinh khiic cia

(1.23)

—

. DN N A 2, 2 T - = P = N .
Ta xdc dinh phudng, chi€u va do 16n cua — . Goi T; va T, la hai vector

do

ti€p tuyé&n don vi & rat gan nhau, ta c6 dT=7T(s+ds)—T(s)=T,—7T, . Ta tinh ti€n

T, lai gdn T, sao cho ching c6 chung mot goc.

Vi d7 la vector vo ciing bé va ‘%1‘ = ‘Tz‘ = ‘f‘ =] néntacé:

Hinh 1.4

ldT|=do

(1.24)
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Mit khéc vi binh phuong vector TT= (T)2 =1nén:
d(@)’=27di=0 (1.25)
Hé thifc trén chitng td vector dT vudng géc v6i T . Néu goi 1i 1a vector don
vi vudng gbc véi ti€p tuyén va huéng vao tAm clia dudng tron mat ti€p doc theo
ban kinh chinh khic ctia qui dao, ta c6 thé viét :
dt=n do (1.26)
K&t hdp cong thic trén véi (1.21) va (1.23) ta dudc :

_ dv. Vi
R 07
Trong cong thic trén thanh phan :

__dv.

a, = ET (1.28)
huéng theo ti€p tuyén goi 1a gia tdc ti€p tuyén, con thanh phan :

I

a, = R n (1.29)

huéng vé tAm chinh khic cta dudng cong va vudng géc v6i phuong clia vector van
tdc, goi 1a gia toc phap tuyén.

Viy gia tdc a@ dugc phan tich thanh hai thanh phan :

a=a_+a, (1.30)

Gia t6c ti€p tuyén @, c6 thé am hodc duong tiry thude vao hudng clia vector
gia tdc. N&u v = const thi gia tdc ti€p tuyén bing khong va ta c6 chuyén dong déu.
Né€u v ting din theo thdi gian thi gia toc ti€p tuyé&n 16n hon 0 va a_ cling hudng
vector van t6c. N&u v gidm dan theo thdi gian thi gia tc ti€p tuyén 4m va hudng
ngudc chiéu vector van tdc, chuyén dong clia chit di€m trong trudng hop nay 1a
chuyén dong cham din. Vay, gia toc ti€p tuyén dic trung cho sy thay d6i vé do 16n
clia vector van toc.

Gia tdc phdp tuyén a, bao gid cling huéng vé phia 16m cta qui dao, ve phia
tAm cla vong tron mat ti€p tai di€m dang xét. Gia toc phap tuyén dic trung cho su
thay ddi vé phudng clia vector van tdc.

Trong trudng hgp riéng 1a chuyén dong thing, ban kinh chinh khiic R=oo,
vy ‘ﬁn‘ = 0 va vector gia toc chi con mot thanh phin 1a @_ va hudng doc theo
phuong ciia chuyén dong thing. Khi hat chuyén dong tron déu, do 16n cia van tdc
khong d6i, gia toc ti€p tuyén bing khong, gia tdc phap tuyén s& c6 do 16n khong
ddi, ty 1& nghich véi R va ludn ludn huéng vao tAm dudng tron. Vi vay gia tdc phap
tuyén trong chuyén dong tron con goi 12 gia tdc huéng tam.
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1.5 Céc dang chuyén dong don gidn

1.5.1 Chuyén déng thing

Qui dao cta hat 12 mot dudng thing, vy phuong cia V khong thay ddi va
a, ludn bing khong. Ta ¢6 :
a, =0 ; a =a= dv
dt
Khi a > 0 chit diém chuyén dong thing nhanh dan, khi a < 0 chit diém
chuyén dong cham dan va khi a = a, = const chit di€ém chuyén dong thing bién ddi
déu.
Trudng hop chuyén dong thing bién ddi déu, ta c6 :
v=[dv=[adt=at +C,

S=de = Ivdt = I(at + Cl)dt = %at2 + C;t +C,

Trong d6 C; va C, Ia nhitng hiing so tich phian dugc xdc dinh tir diu kién

GingloI'khit=0thiV=V0=C1,S=SO=C2.VayZ

V=vV,+ at (1.31)
1
S=s§,+ Eat +v .t (1.32)
Kht t ta c6 hé thic :
2 2
vi—v, =2a(s-s,) (1.33)
Néu chon goc toa d0 lict=0c6s=5s,=0 thi:
2 2
vo —vy, =2as (1.34)

Khi a = 0, chit diém chuyén dong thing déu.

1.5.2 Chuyén déng bién ddi déu

Trong chuyén dong bién d6i déu, gia tdc ti€p tuyén a, ludn ludn cé gia tri

khong thay ddi :
a :ﬂza = const (1.35)
fodt° '

Chuyén dong bién ddi déu cé thé 1a chuyén dong thing hay chuyén dong
cong bat ky, tic a, c6 thé bing khong hoit khac khong.

Khia; > 0 chat diém chuyén dong nhanh din déu.

Khi a; < 0 chat diém chuyén dong chim din déu.

Céc phuong trinh chuyén dong bién d6i déu clia chit diém c6 dang :
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V:Idv = Jar dt=a_t+C,
1 .9 2 92, f)
s=[ds = [v() dt = [(a, t + C )dt = S t + C,t +C, Gid st & thii
diém t = 0 chit diém & vi tri s va ¢ van tdc vy. Khi d6 ta c6 Ci=vg, C2 = . Van
toc clia chit diém chuyén dong bién d6i déu & thgi diém t :
V= vy +agdt (1.36)
Phuong trinh chuyén dong bi€n ddi déu clia chat diém c6 dang

1
S=SO+521T t2+V0t (1.37)

Tu d6 ta suy ra :
v’ —v, =2a_(s—s,) (1.38)
Néu chon goc toa do lict=0c6 s =5y=0 thi:

2 2
vi—vy, =2a_s (1.39)
2
Khi a; =ag = const, a, = VE véi R = const thi ta ¢6 chuyén dong tron bi&n

ddi déu. Khi a, = 0 thi chit diém chuyén dong tron déu.

1.5.3 Chuyén dong tron

Xét mot chat diém chuyén dong trén mot dudng tron tim O cé bdn kinh R.
Vi tri ca chit diém M trén dudng tron dugc xdc dinh bdi ban kinh vector
R=0M . Ngudi ta thudng diing cdc dai lugng van toc géc va gia toc géc d€ dic
trung cho chuyén dong ay.

a) Vén toc géc

M’
~ A 2 ~, s R A /\ AT
Chuyén dong cua chat di€m M trén g P M
dudng tron duge khio sat nhu chuyén ~ A
dong quay cda bén kinh vector R xung R

quanh truc vudng géc véi mit phing chita

dudng tron va qua tdm O. Trong khodng

At =t —t gid st chat diém di dugc Hinh 1.5

quiang dudong As= MM’I’Ing vGi gbéc quay MOM = A@. Theo dinh nghia dai

lugng % goi 12 van td¢ géc trung binh trong khodng At :
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_ A

5 Ae
At

Gi4 tri cia @ biéu thi géc quay trung binh trong don vi thdi gian. Néu cho

(1.40)

At — 0 thi van tdc géc ciia chat di€m tai thdi diém t 1

o= lim — = (1.41)

Vay, van tdc gbéc c6 gia tri bing dao ham bic nhit theo thdi gian cia géc
quay.
Pon vi do clia o 1a rad/s. N6i chung ® =  (t)
Da6i v6i chuyén dong tron déu thi @ = const, ngudi ta dinh nghia chu ky 1a
thdi gian chit di€m di dugc mot vong :
21 27

T=— hay o=— (1.42)
® T
Tan s6 12 s& chu ki trong mot don vi thdi gian :
—l -9 > 0=27 1.43
! T 2n ! (1.43)

Chuyén dong quay dudc dic trung
bing truc quay, chiéu quay va do
16n clia van tdc goc.
Qui wdc : N&u bén kinh vevtor R va v
quay theo chiéu vin dinh 6c thuin
thi dinh oc ti€n theo chiéu @ .

Gi4 st chit diém dich chuyén dudc M
cung ds trong khodng dt, ta c6 : Hinh 1.6

ds=R do

)

do

<!

ds do
v=—-=R—=Ro 1.44
dt dt ( )

Vay, tir dinh nghia tich hitu huéng cua hai vector, ta c6 :

v=—r =® xR
dt (1.45)
2 2
% (Roo) )
a =— = =R.o
" TR R (1.46)
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<!

Hinh 1.7

Khi g&c O clia vector R trugt trén truc quay ta van c6 :
. dr . _
V=—=Q0XT (1.47)
dt

b) Gia téc géc

DPé€ dic trung cho sy thay d6i clia vector van toc géc, ngudi ta dua vao khdi

niém gia toc gbéc. Gid thiét trong khodng thdi gian At =t —t van tdc goc clia

2 A N C N N A ! . ~ (Y .

chuyén dong tron bién thién mot lugng A® = ® — ® . Theo dinh nghia T goi
t

12 gia tdc gbc trung binh trong khodng thdi gian At va ki hiéu :
A

— Q)
B="0 (1.48)
At
Néu cho At — 0 thi gia toc géc clia chit di€m tai thdi diém t1a :
Ao  do d’o

B= lim == =

a0 At dt dt? (1.49)

Vay, gia toc goc co gid tri bing dao ham clia van tdc géc doi véi thdi gian va
bing dao ham bic hai cla géc quay ddi vdi thdi gian.
Pon vi cla gia tdc géc 1a rad/s”.
Khi B> 0, o ting, chuyén dong tron nhanh dan.
B <0, ® gidm, chuyén dong tron chAm dan
B =0, ® = Const, chuyén dong tron déu.
Trudng hop B = Const, ta c6 chuyén dong tron bién ddi déu. Ta cé thé
chitng minh dudc cédc hé thuc :
o = Bt + o (1.50)

1
P ZEBtZ"'wot"'(Po (1.51)
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o - op = 2B(e-0,) (1.52)
Néu ta chon goc toa dd khi t=0c6 @y =0 thi :
®° — o =2 ¢ (1.53)

Thudng ngudi ta bi€u dién gia tdc gdc bing mot vector goi 1a vector gia tdc
géc. Vector ndy c6 tinh chit :

- Nim trén truc cia qui dao tron.

- Cung chiéu v6i @ khi B > 0 (nhanh dan) va ngugc chi€u véi @ khi B< 0
(cham dan).

- ¢6 gid tri biang P.

Vay c6 thé viét hé thifc vector sau :

B _do
” (1.54)

Vay gia tdc géc bing dao ham bac nhat theo thdi gian clia vector van toc
géc, xdc dinh bién thién van toc goc.

LAy dao ham theo thoi gian ta ¢6 :

o odv d = do =| |. dR
dt  dt ] {dt }{ dt} (1.55)
- d® _ dR . =
Ta cé : =—; v=—=|oxR
a Co B dt dt [ ]
Ta c6 thé viét :
d=a_ +4a (1.56)
Trong d6 : ar:[Bxﬁ], a_=B.R (1.57)
a :[a)xv]:[aox[@xﬁ , a, = R’ (1.58)
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ol
=

ol

B
ﬁ% T~

Ar

—

p
® ting ® gidm
Hinh 1.8

Thanh phan a_ c6 phuong cla V goi 12 gia toc quay, thuc chat 1a gia tdc
ti€p tuyén trong chuyén dong tron clia chat di€m trén dudng tron tim O.

Thanh phan d, hudng vao truc quay, thuc chit 1a gia t6c hudng tdm trong
chuyén dong tron cda chit di€m trén dudng tron tim O, con goi 1a gia tdc hudng
tam.
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CHUONG II:
PONG LUC HOC

Trong chuong trudc, ching di nghién cttu phudng phap mo ta chuyén dong
clia chat di€ém ma khong xét dén nguyén nhin giy nén chuyén dong. Pong luc hoc
chat diém nghién ctfu dén tdc nhan lam thay d6i chuyén dong va cic qui luit chi
phdi chuyén dong.

Quan st va nghién citu chuyén dong cédc vat thé ta thiy cdc vat chi bit dau
chuyén dong hoic thay ddi chuyén dong khi chiu tic dung ciia nhitng vat khéc.

Céc dinh luat Dong luc hoc xdc dinh mdi quan hé giita chuyén dong va
nguyén nhin gy ra hoic lam thay ddi chuyén dong. C4c dinh luat Pong luc hoc 1a
nhitng dinh luat vé quan hé giita luc tic dung lén vat va chuyén dong cda vat. Co
s§ clia dong luc hoc 1a ba dinh ludt Newton va nguyén 1y tuong d6i Galiléo.

Chiing ta s& nghién citu ba dinh luat nay trong trudng hop chat di€ém.

2.1 Pinh luit I Newton

2.1.1 Luc va chuyén dong

Trong tu nhién cé nhiéu loai luc : lyc hap dan, luc tir trudng, luc hat nhan ...
trong chuong nay chiing ta dé cip chi yé&u dén luc c¢o hoc. Luc (co hoc) 12 mot dai
lugng vat ly dic trung cho tuong tac cd hoc gitta cac vat. Hay, luc co hoc 1a nguyén
nhan vat 1y 1am bi€n dang hoic 1am thay d6i trang thai chuyén dong cla céc vat.

V& miit cd hoc, ta c6 th€ phan cédc lyc 1am hai loai, loai thi nhat gdm céc luc
xudt hién khi c6 ti€p cn giita cdc vat tuong tdc nhu luc dan hdi, luc ma sit... ; loai
thtt hai gdbm cédc luc xuat hién khi cdc vat tuong tic khong ti€p cin vdi nhau, su
phan chia nhu vay chi mang tinh chit qui uSc. Trong co hoc chiing ta chi chd y xét
trong tiing trudng hop cu thé c6 nhitng luc ndo xuit hién, d6 16n cla cic luc d6 va
anh hudng ctia chiing ddi véi chuyén dong.

T4c dung clia lyc dugc dic trung bdi bon yéu t& : diém dit, phuong, chiéu va
cudng d6. Tac dung dong thdi nhiéu lyc 1én mot chat diém tuong dudng vdi tic
dung ctia mot luc duy nhit bing té’ng hgp vector cta cac lyc néi trén. Lyc 1a mot
dai lugng vector, dudc bi€u dién bing mdt vector va tuin theo cic qui tic bi€n ddi
vé vector.

Ngoai luc tic dung vao mot vat c6 dnh hudng dén tdc d6 chuyén dong cida
vat, nhung néi ring van toc cta vat ti 1€ véi luc 1a khong chinh xdc. Khi nghién citu
quan hé giita luc tdc dung va chuyén dong, Newton da phdt bi€u ba dinh luit co
ban sau day clia dong luc hoc, phdn 4nh ddy di moi quan hé giira luc tdc dung va
chuyén dong.
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2.1.2 Pinh luiat I Newton

Khi nghién citu chuyén dong ctia chit di€m, diu tién ta nghién citu chuyén
dong cta chat di€ém tu do (chit di€m co 1ap). Quan sit dinh luat chuyén dong cida
chat diém tu do trong nhitng hé qui chi€u khac nhau 1a khdc nhau. Tuy nhién, van
ton tai hé qui chi€u ma trong d6 chit diém ty do hoic ding yén, hoic chuyén dong
thang déu tir mdt vi tri ban ddu bat ki véi mot van téc ndo d6, goi 1a hé qui chi€u
quén tinh. Hé nhat tdm con dugc goi 1a hé qui chi€u Copecnic, gbc & tAm mit troi
va ba truc huéng v€ ba ngdi sao “c6 dinh”, véi do chinh xdc khd cao c6 thé dugc
xem 12 hé qui chi€u qudn tinh. Moi hé qui chi€u chuyén dong thing déu tuong doi
véi nhau déu 1a nhitng hé qui chi€u quén tinh.

Pinh luat I Newton phat biéu : “Trong hé qui chiéu qudn tinh chdt diém
khong chiu tdc dung cua ngoai luc sé giit nguyén trang thdi diing yén hodc
chuyén dong thdng deu” .

Pinh luat I Newton ding cho moi hé qui chi€u chuyén dong thing déu doi
vdi hé qui chi€u quédn tinh. N6i mot ciach khdc, moi hé qui chi€u chuyén dong
thing déu ddi véi hé qui chiu quan tinh déu 13 nhitng hé qui chi€u quén tinh.

2.1.3 Hé qui chiéu trai dat

Hé qui chi€u Copecnic chi thuin tién trong viéc nghién cifu chuyén dong
cla thién thé, hoic cla con tau vil tru... ma khong thich hgp cho viéc nghién ctu
cdc chuyén dong trén trai dat.

D6i véi nhitng chuyén dong nay, ngudi ta thudng ding mot hé qui chi€u gin
vdi trdi dat. Do trdi dat quay quanh truc cia né va chuyén dong chung quanh mit
trdi, nén trdi dat chuyén dong cé gia tdc, khong phii 12 chuyén dong thing déu.
Vay, noéi that chit ché thi hé qui chi€u gin véi trai dit ma ching ta thudng ding
khong phdi 1a hé qui chi€u quédn tinh. Tuy vay, ching ta hay khdo sdt mdt hé qui
chi€u gin véi trai dat trong chitng muc nao thi c6 thé dudc xem 1a hé qui chi€u
quan tinh.

Do su quay cia trdi dat quanh truc clia né va sy chuyén dong ctia né quanh
mit trdi, & xich dao gia toc huéng tAim cia mot diém trén mit dat 12 :

2
a=0’ R=|—" | 64.10°cm =34 Cryz
86400 s S

Gia tdc ctia trdi dat chuyén dong quanh mit trdi 12
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2 2
a=— =(30Kr;1/s) = 6.107 Kry2
R 15.10° Km S

Gia tdc nay bé hon rit nhiéu so véi gia tdc roi tu do trén mit dat, vi vay c6
thé€ bd qua trong nhiéu thi nghiém, nhiéu bai tinh cd hoc.

Céc di€m khdc nhau trén trdi dat c6é vector van tdc khdc nhau va ludn bién
ddi. Tuy nhién su bi€n ddi clia van toc ay, vé @6 16n va vé phuong 1a nhd va cham.
Do d6, trong nhitng chuyén dong thong thudng cla vat, khi ma gia toc ¢& 3,4 cm/s*
c6 thé bd qua dugc va trong khodng thdi gian chuyén dong cta vat khong qud vai
gid thi hé qui chi€u gin lién v6i trdi dat gin ding dugc coi 12 hé qui chi€u quin
tinh.

2.2 Nguyén ly tudng duong

Mic du toa d§ va van tdc clia chit diém tu do trong nhitng hé qui chi€u quéan

tinh K va K 13 khdc nhau nhung gia toc ctia n6 trong hé K va K déu bing khong :
d’r  d’f
de*  de?
Trong ¥ nghia nay, ta néi ring moi hé qui chi€u quén tinh 12 twong duong véi
nhau d6i vdi dinh luat chuyén dong thing déu cla chat diém ty do. Moi chuyén
dong co hoc, cling nhu moi hién tugng vat 1y va tu nhién khic, déu x4y ra giong
nhau, theo nhitng qui ludt nhu nhau trong nhitng hé qui chi€u quén tinh khac nhau.
Néi cach khdc, khong c6 mot hién tugng vat 1y hay tu nhién nio c6 thé cho chiing
ta khd ning phan biét dugc cdc hé qui chi€u qudn tinh v6i nhau : ching hoan toan
tuong duong, hoan toan binh ddng. P6 1 ndi dung ciia nguyén 1y twong d6i chuyén
dong. K&t hdp vdi tién dé vé khodng thdi gian troi qua trong moi hé qui chi€u quén
tinh 12 nhu nhau ( t=t ) v6i nguyén ly tuong duong ta c¢6 nguyén ly tuong d6i
Galiléo : Tdt cd cdc dinh ludt co hoc déu gidng nhau trong moi hé qui chiéu

=0 2.1)

qudn tinh.
Xét hé quan tinh K chuyén dong thing déu d6i v6i hé quéan tinh K véi van
toc V. Gia st ban ddu hé K trung véi hé K :
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Hinh 2.1

Viy : { = 2.2)

Né&u K chuyén dong thing déu d6i véi K doc theo truc x ; ta 6 :

X =x -Vt X =X+ Vt

y =y y =y

K. hay I 2.3)
t =t t =t

Céc cong thifc (2.2) hay (2.3) goi la cdc cong thifc bién ddi Galiléo. Chi y
dt=dttacé:

v=v-V (2.4)
oo df o dF
Trong d6: v' = d_ vaVv = d_ lan lugt 1a van tdc cua chat di€ém M doi véi
t t

hé qui chi€u qudn tinh K va K.

Céc phuong trinh m6 td mot dinh luit cd hoc trong hé qudn tinh K va trong
hé qudn tinh K 13 ¢6 dang giong nhau. Vay c6 thé phat bi€u nguyén 1y tucng d6i
Galiléo mot cich khic : Cdc dinh ludt co hoc cé dién la bt bién ddi vdi cdc
phép bién doi Galiléo. Khi chuyén tir hé qudn tinh K sang hé quén tinh K cdc dai
lugng sau ddy 1a bat bién :

o ., o, dvtodv
Giatdccuachitdiém: a=——=— =Qa (2.5)
dt dt
Vi tri tuong ddi giita hai chat diém :
! - | ! _ A
F'p=1T, I =L —§ =1 (2.6)

Van toc tuong d6i ciia hai chat di€m :
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b | _ ' O O O

2.3- Dinh luit II Newton

Dinh luat I Newton md t4 tic dung cda luc 1én chuyén dong cda vat. Chiing
ta kh3o sét trong hé qui chi€u qudn tinh :

2.3.1 Luc va gia toc :

Khi chiu tic dung ctia ngoai luc, chuyén dong clia vat thay ddi, néi cach khic
vat nhan mot gia toc.

Thuyc nghiém chitng td ring trong modt hé qui chi€u qudn tinh lyc tdc dung
1én mot chit di€ém 1am thay ddi trang thdi chuyén dong clia chat diém d6, nghid 1a
1am cho vector vén toc cia chit di€m thay ddi. Hay néi cach khac : trong mot hé
qui chiéu qudn tinh lyc tdc dung lén mot chdt diém lam cho chdt diém do
chuyén dong cé gia téc. Thuc nghiém ching td ring : Gia téc ma mot vit thu
duoc tai ting thoi diém ti 1é vdi luc tdc dung lén vat tai chinh thoi diém dy.
Vay néu mdt lyc tdc dung Ién mot chat di€m gy ra vector gia tdc a thi :

a~F

2.3.2 Khoi lugng :

Thuc nghiém ching 6 ring cing mot Iuc F khi tdc dung 1én cdc chat diém
khdc nhau sé& gy ra nhitng gia tdc tuong ing khac nhau. VAy gia toc chuyén dong
cia chit di€m con phu thudc vao mot tinh chat vat 1y cia ban than chat diém doé.
Tinh chat nay dudc dic trung bdi mot dai ludng m goi 1a khéi lugng clia vat. Thuc
nghiém cho ta k&t qua : Vi mot luc tdc dung xdc dinh, gia téc chuyén dong ciia
chdt diém ti 1é nghich vdi khoi luong clia né. Tic

1

a ~—
m

Vi gia toc dic trung cho su thay d8i trang thdi chuyén dong, vay khi khdi
lugng m clia chit di€m cang I16n thi gia tdc a cang nhd nghia 1a trang thdi chuyén
dong cla chat diém thay ddi cang it. Khdi lugng xdc dinh theo gia toc ma vat thu
dudc duéi tdc dung ctia mot Iuyc 1a khdi lugng quan tinh. Hay kh6i lugng qudn tinh
12 mot dai lugng dong luc hoc dic trung cho khd niing thu gia tdc clia vat. Ngudi ta
nhan thdy chi khi vat chuyén dong vdi van toc (v) nhd so véi van tdc (c) ciia 4nh
sang thi khoi lugng clia cdc vat thé 1a mot dai luong khong d6i. Khi vat chuyén
dong véi van tdc rat 16n, so sanh dudc vdi van toc dnh sdng, thi khdi lugng clia vat
phu thudc vao van toc :
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m =—= (2.8)

m, : khoi lugng clia vat khi van tdc biing khong, goi 12 khdi luong nghi.
Van toc c6 gid tri tuong doi tly thudc hé qui chi€u. Do khdi lugng phu thudc
vao van téc, nén ddi vdi cac hé qui chi€u khdc nhau gia tri cling khdc nhau.

TRONG CAC CHUYEN PONG CO HOC THU(‘iNG GAP TRONG KY
THUAT THI V << C. VAY MOT CACH GAN PUNG CO THE XEM
KHOI LUONG LA TUYET POI KHONG PHU THUOC HE QUI CHIEU.

2.3.3 PBinh luat IT Newton

TRONG MOT HE OUI CHIEU OUAN TINH, VECTOR GIA TOC
CHUYEN PONG CUA MOT CHAT PIEM Ti LE VOI LUC TAC
DUNG VA TiI LE NGHICH VOI KHOI LUONG CUA CHAT PIEM PO.

- F
a=k— (2.9)
m

K LA HE SO Ti LE PHU THUOC VAO PON VI DUNG PE PO KHOI
LUGNG, GIA TOC VA LUC.
Trong hé SI, don vi gia t6c 12 m/s%, don vi khéi luong 12 Kg thi k = 1. Vay
cong thic (2.9) trd thanh :

F =mai (2.10)

CONG THUC NAY CON PUQC GOI LA PHUGNG TRINH CO BAN CUA
DONG LUC HOC.
Luc 12 mot dai lugng dan xuat, don vi do luc 1a Newton (N). Newton 1a Ivc
truyén cho vt c6 khéi lugng 1kg nhin dudc gia toc 1m/s”.
Trong trudng hop chat di€m chiu tic dung ddng thdi clia nhiéu luc, ta van c6

phuong trinh dang (2.10) trong d6 F 1a tdng hop céc luc tdc dung 1én chat diém.
2.3.4 Dang khai quat dinh luit IT Newton

TRONG TRUONG HOP TONG QUAT, KHOI LUONG THAY POI THEO
VAN TOC. DUGI TAC DUNG CUA MOT NGOAI LUC, KHONG NHUNG
VAN TOC CUA CHAT PIEM THAY POI, MA DO VAN TOC THAY POI
NEN KHOI LUGNG CUNG THAY POIL, TRANG THAI CHUYEN PONG
CUA CHAT PIEM THAY POL PE PAC TRUNG CHO TRANG THAI

Poan Trong Thi Khoa Ogt Ly



Co hge -37 -

CHUYEN PONG CO HOC TRONG TRUGNG HOP NAY NGUOI TA
DUNG PAI LUONG PONG LUQONG. PONG LUONG CUA MQT VAT
CHU¥§N PONG TINH TIEN LA MOT PAI LUGNG VECTOR VI TRI
SO BANG TiCH SO CUA KHOI LUGNG VOI VAN TOC, CO PHUONG
VA CHIEU TRUNG VGI PHUONG VA CHIEU CUA VAN TOC.

P=mv (2.11)

TRONG HE SI, PON VI PONG LUONG LA KG.M/S.

TONG QUAT :

(2.12)

Khi v << ¢ thi:

—

P~ myv (2.13)
Lay dao ham hai v€ (2.13) va chi y ring theo dinh luit II Newton

VvV N —
m,— = mg,a =F ta thu dugc :

dt
dP -
dt (2.14)

VAY, PAO HAM CUA PONG LUONG CUA CHAT PIEM THEO THOI
GIAN BANG LUC TAC DUNG LEN NO.
Trong trudng hgp tong quit c6 thé viét :

(2.15)

Khi néi dinh luat II Newton, n€u bi€t dang ctia ham F biéu dién tuwong tac
gitta chat di€m va cdc vat thé xung quanh, va biét diéu kién diu, tic vi tri va véan
toc ctia chit diém § thdi di€m ban dau, thi phuong trinh chuyén dong sé& cho phép
xdc dinh vi tri va van toc clia chat di€ém & thdi diém t bat k¥, nghid 12 cho phép xic
dinh qili dao ciia chuyén dong.

. dv L F
Tacé:4 =—=>dv=a dt = —dt
dt m
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VAY, VAN TOC CHAT PIEM G THOI PIEM T BAT K :

. 1= .
V()= —[F.dt + ¥, (2.16)
m

Ma dr = v.dt , chiing ta x4c dinh dudc T & thdi di€m t :
t
r(t)= jV.dt + _I:O (2.17)
0

2.4. Pinh luit I1II Newton

TREN PAY CHUNG TA CHi MOI XET PEN MOI LIEN HE GIUA LUC
TAC DUNG VA GIA TOC MA VAT CHIU TAC DUNG THU PUGC.
THUC RA KHI CAC VAT BEN NGOAI TAC DUNG LEN CHAT PIEM
THI CHAT PIEM CUNG TAC DUNG LEN VAT NGOAL MOI SU THAY
POl TRANG THAI CHUYEN PONG TRONG CAC HE QUI CHIEU
QUAN TINH PEU XAY RA DO KET QUA TUONG TAC GIUA CAC
VAT.

Dinh luat III Newton xét dén sy tuong tac gifta cdc vat :
Khi chdt diém A tdc dung lén chdt diém B mot lyc Fag thi chdt diém B

ciing tdc dung lén chdt diém A mot luc FB A cung phuong, ngugc chiéu va cing
do lon.

— —

Fag =—Fga (2.18)

DINH LUAT 11 NEWTON KHONG CHUA PAI LUONG NAO MGI, THUC
NGHIEM XAC  NHAN DAY PU SU PUNG DPAN CUA PINH LUAT
NAY.PAY CUNG LA PINH LUAT CO BAN CUA PONG LUC HOC.

Trudng hdp tong qudt : Xét mot hé chit diém cd 14p, nghia 13 mot hé khong
chiu tdc dung clia cdc ngoai luc, trong hé chi ¢ cdc nodi lyc tuong tic gifta cdc chat
diém cida hé.

Né&u xét tiing doi chat di€m ctia hé thi tong hai luc tuong tic giita ching bing
khong. Né&u 18y téng cla tit ca céc luc d6, ta dudc : Tong hop cdc ndi luc ciia mot
hé chdt diém cé ldp (hé kin ) bang khong.
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CHUONG 11,1 ,
CO HOC HEE CHAT PIEM -
CAC PINH LUAT BAO TOAN

3.1 Khoi tam

3.1.1 Dinh nghia

Gia st c6 mot hé gdm hai chat di€ém M, va M, khéi luong

tuong ng 1a m; va m, dit trong

M, G M, trong trudng déu. Trong luc tdc
dung lén cdc chit diém M, va M,
la hai vector m;g va m,g song

m, g m,g  song cing chi€u. Pi€ém dit cla
tf;ng hgp hai trong luc do6 1a mot
diém G nim trén MM, sao cho :

Hinh 3.1

M,G _ Mg m,

M,G - m,g m, G-

Hay: mMG + m,M,G=0 (3.2)
C6 thé viét (3.2) dusi dang vector :

mlM—lG + m,M,G =0 (3.3)

Piém G théa min (3.3) dudc goi 1a khdi tim ctia hé hai chat diém M M..

Trudng hop tdng quait, ta dinh nghia khdi tim ctia hé nhu sau :

Khdi tim ctia mot hé chit diém M; M,, .., M, 14n lugt c¢6 khoi lugng m;, m,,
.., M, 12 mOt di€m G x4c dinh bdi hé thic :

mMG + m,M,G+...+m M, G=0 (3.4)

Hay : 2m; M;G=0 (3.5)

i=1
Hiy xdc dinh toa do khoi tim G d6i v6i goc toa do O nao d6 ta ¢6 :
OG =OM,; + M,G (3.6)

Nhan hai v€& (3.6) véi m; rdi cong cdc phuong trinh nhan dudc v& véi véE tir 1
dén n ta duoc :
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Zmi oG = ZmiOMi + ZmiM'G (3.7)
1=1 i i

Hay theo (3.5):

Suy ra : = n (3.8)

Pit OG =R véibatoado X, Y,Z; OM, = vdi ba toa do 12 x,, y;,
thi (3.8 ) trd thanh :

5 i=1
R = n (3.9
2. m;
1=1
Né&u chiéu trén ba truc toa do :
n n n
2. m; X; 2.m; 2m; z;
— — B i=1
X=" " Y= .Z= (3.10)

n n
2. m; 2. m;
1= i=1 1=1
Céc codng thic (3.9) hay (3.10) cho phép ta tinh toa dd khdi tAm cia mdt hé
chat diém.

3.1.2 Van toc caa khoi tAm

Vector van toc cia khoi tAm dudce x4c dinh :

_~  dR
V=—"1
it (3.11)

Hay theo (3.9) :
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. dr,
Zmi
V= izt dt
- n
(3.12)
2.m,
i=1
Trong d6 : d_tl =V, :vector van toc cla chat diém M; .
n
Zmi SV,
Vo izt
Vay : = (3.13)
>m,
i=1
Mitkhdc Y m;.V,=> P, la tdng dong ludng P ctia hé, do d6 van t6c khéi
tam la
g__P
Zmi (3.14)
i
Tir (3.14) suy ra : = (Zmi]\’ (3.15)

VAY TONG PONG LUONG CUA HE BANG PONG LUONG CUA MOT
CHAT PIEM PAT TAI KHOI TAM CUA HE, CO KHOI LUGNG BANG
TONG KHOI LUGNG CUA HE VA CO VAN TOC BANG VAN TOC
KHOI TAM CUA HE.

D6i v6i hé chat diém co 14ap, tdng dong ludng clia hé bio toan :

—

P = const
Vay theo (3.14) : V = const
KHOI TAM CUA MOT HE CHAT PIEM CO LAP CO VECTOR VAN
TOC KHONG POL
Thi du, xét mot sao kép tifc 13 mot hé hai sao chuyén dong quanh khoi tim
clia chiing; néu ching & khd xa cdc sao khac thi c¢6 thé coi nhu ching hdp thanh
mot hé co 14p, do d6 khdi tAm clia ching hodc ding yén hoic chuyén dong thing
déu. Cdc quan st thién vin chiing té ¢ nhitng sao kép nhu vay.
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3.1.3 Phudng trinh chuyén dong ctia khéi tAm

Gia thiét cac chit diém M, M, .., M, ctia hé 1an lugt chiu tic dung clia céc

-  —

lwc : FE,F,..,F va chuyén dong v6i nhilng vector gia tdc
a;,4a,,..,a, théaman cdc phudng trinh :
m,d, =F ,m,d,=F,, .. m,a, =F,  (3.16)
Pé tim phuong trinh chuyén dong cta khoi tim, dao ham (3.13) theo t
v o dt
dt (3.17)
2.m,
i=1
dv B} .
Hay : Zmi E = Zmi a; = ZFi (3.18)
i i i
Hay: | 2m; [I'=2 K (3.19)
i i

Trong d6 [ = o 1a vector gia tc ctia khoi tam. Tir (3.19) c6 thé két luan
t

. Khoi tdm ciia mot hé chuyén dong nhuw mot chdt diém co khéi luong bing
tong khoi luong ciia hé va chiu tdc dung ciia mot luc bang téng hop ngoai lyc
tdc dung lén hé. Chuyén dong khdi tim clia hé duge xem la chuyén dong toin thé
cua hé.

3.2 Chuyén dong ciia vat rin

Vit rin 12 mot hé chat diém trong d6 khodng cdch giita cdc chat diém ludn
luén khong d6i. Ngudi ta chiing minh dudc ring chuyén dong clia vat rin bao gis
ciing c6 thé qui vé tich cla hai chuyén dong co ban : Chuyén dong tinh tién va
chuyén dong quay.

3.2.1 Chuyén doéng tinh tién

Khi vat rin chuyén dong tinh ti€n, moi chat diém ctia n6 chuyén dong giong
nhau; tai mdi thdi diém, cdc chit di€m clia vat rin déu c6 cling vector van tdc va
vector gia toc. Gia thi€t a 1a vector gia tdc chung ctia cdc chat diém M;, M,, .., M,
cla vat rin, 1an lugt c6 khoi lugng my, my,, .., m, va lan ludt chiu tic dung cla
nhitng ngoai luc F R F y eee s Fn

Theo dinh luat II Newton ta c6 :
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ma=F,
m,a=~F,,

(3.20)
m a=~F

Cédc phuong trinh ndy ching t6 nhitng ngoai luc tic dung 1én vat rin
F, ,F, , .., F song song va cing chiéu, ddy la di€u kién cin d€ mot vat rin

>

chuyén dong tinh ti€n.
Tur (3.20) ta c6 :

Ym, |da=>F (3.21)

D6 12 phuong trinh chuyén dong clia vat rin tinh ti€n; né giong nhu phudng
trinh chuyén dong ctia mot chat diém cé khdi lugng bing khdi lugng tdng cong clia
vat rdn va chiu tdc dung mot luc bing tdng ngoai luc tic dung 1én vat rin. Pay
ciing 12 phuong trinh chuyén dong ctia khoi tAm vat rin. VAy, mudn khio sit
chuyén dong tinh ti€n cia mot vt rin ta chi can xét chuyén dong ctia khdi tim cia
no.

3.2.2 Chuyén dong quay

Khi mot vat rin chuyén dong quay chung quanh mot truc ¢d dinh A thi :

<

Hinh 3.2
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a/ Moi diém cia vat rin vach nhitng vong tron c6 cung truc A.

b/ Trong cing mdt khodng thdi gian moi diém cla vat rin déu quay dugc
cung mdt géc 0.

¢/ Tai cing mot thdi diém, moi diém cha vat rin déu c6 cling van tdc goc
o 90 B_dm_dze

at va cung gia toc goc e

d/ Tai mot thdi di€m, vector van tdc thing va vector gia tdc tiép tuyén clia
mot chit diém bat ky cda vat rin cdch truc quay mot khodng r dugc xdc dinh bdi :

V = (_D X T (3.22)
a, =P xT (3.23)

3.3 Dinh luit bi€n thién va bio toan dong lugng

3.3.1 Khai niém

Hé gdm nhiéu chat di€m hoic nhiéu vat tuong tdc véi nhau dugc goi 1a mot
hé chat di€m, hay mot co hé. Thi du, hé mit trdi 13 mot co hé gdm mit trdi va céc
hanh tinh twong tdc véi nhau biang luc hap dan.

Lyc tuong tac gitra cdc vat trong mot cd hé dudce goi la ndi luc hay luc trong.

Lyc tuong tac gitta mOt vat trong cd hé va cac vat ngoai co hé dudc goi la
ngoai luc hay luc ngoai.

Hé chi gdm cdc vat tuong tic v6i nhau, dugc goi 12 mdt hé kin hay hé ¢d lap.
Moi lyc tuong tdc trong mdt hé co 1p déu 1a nodi luc.

3.3.2 Pinh luit bdo toan dong luvong cua mot co hé

Ta biét dong lugng clia mot chit diém co 1ap 12 bio toan.

Xét mot hé gom nhiéu chat diém khdi lugng m;, my,, ms, ... ¢ van toc 1an
lugt 13V, V,, V3,... Téng cdc dong lugng P, , P, » P, clia cic chat diém
trong co hé dudc goi 1a dong luong toan phin clia cd hé :

P=D, +P, + Py + ..=m,V, +m,V, + M, V, +... (3.24)
*~ Ta ching minh ring, dong lugng ctia mot hé ¢6 14p 13 bdo toan.
Ap dung dinh luat II Newton d6i vdi ting chat di€m trong co hé :
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dﬁl d
=— (mv,) = E, +F
dt dt ( 1) 21 31
dp, d
F = a (m,v,) =F,+ 1:32 T (3.25)
dp; d
3 = — (m,V,) =F;+ Fy; +.
dt dt ( 3 3) 3 23
Cong v€ v6i vE tat cd phuong trinh (3.25) :
d _ ~ ~ -
a(Pl +p, +p; + "'):ZZFij (3.26)

T
V& trai chinh 1a dao ham theo thdi gian clia dong lugng co hé, v€ phéi la
tong cdc lyc tic dung trong hé co 1ap nén chiing bing 0. Vay :

dp
= -0
dt
Tic 1a :
P=p,+p, + Py +... = const (3.27)

Péng lugng toan phdn ciia mot hé c6 1dp la mot vector khong doi. Hay :
dong luong toan phan ciia mot hé cé ldp duoc bdo toan.

Vi dong lugng toan phan 13 vector khong ddi, nén cic thanh phin cta dong
lugng theo cdc phudng ciing khong doi.

=0 — P_=const

d -
y _ —
a 0 — P, =const (3.28)
dp,
=0 —> P = const
dt
D6i v6i trudng hdp hé khong ¢d 14p, c6 phuong trinh :
d _ - -
(Pt Pa Py + D=2 D F 4 ZF (3.29)

i j#

Téng cdc ndi luc bing khong : X, O F; =0

i i#j

Téng céc ngoai luc : ZFin =F"
AE: dp = F' (3.30)
ay: .
dt
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Pao ham theo thdi gian clia dong lugng toan phan mdt cd hé, bing tong cic
ngoali luc tdc dung 1én hé.

3.3.3 Xung lugng cua ngoai luc

Ta c6 thé bi€u dién dinh luat II Newton dudi dang :
dP = Fdt (3.31)
Fdt dudc goi 1a xung lugng ciia luc F trong khodng thdi gian dt. N6 dic
trung cho tdc dung clia luc F trong khodng thdi gian dt.

(3.32)

—

P, — 131 1a do bién thién ctia dong ludng trong khodng thdi gian tir t
t, R
dén t,. Con Ith = A 1a xung lugng ciia lyc tdc dung trong khodng thdi gian tir t,
t

- t,. C6 thé phét bi€u :

PO BIEN THIEN PONG LUCONG CUA CHAT PIEM TRONG MOT
KHOANG THOI GIAN BANG XUNG LUONG CUA LUC TAC DUNG
VAO CHAT PIEM TRONG KHOANG THOI GIAN AY.

Pa&i véi mot c¢o hé, theo (3.30) :

dP = Fdt

(3.33)

Vay : P§ bién thién dong luong toan phdn ciia mdt co hé trong mot
khodng thoi gian bdng tong xung lugng ciia cdc ngoaqi lyc tdc dung lén hé
trong khodng thoi gian dy.

3.4 Chuyén dong cia vit cé khdi lugng thay d6i

Thuc t& ta thudng gip nhitng hé c6 khdi lugng bién ddi theo thdi gian : Khoi
lugng clia tén lra dang chuyén dong, khdi luong cdc thién thé khi ti€p nhin céc

Poan Trong Thi Khoa Ogt Ly



Co hoe - 47 -

thién thach ... Ngudi ta thudng dung dinh ludt III Newton va dinh luit bao toan
dong lugng dé gidi thich cdc chuyén dong phan luc. Chiing ta hiy thiét 14p phuong
trinh chuyén dong cia tén Ii¥a.

Gia thi€t c6 mot vat chita mot hdn hop khi néng, ban dau ding yén. Néu hdn
hgp khi dudc phut ra phia sau thi vat sé& ti€n 1én phia tru6c. Goi khdi ludng tong
cong ban diu cta tén lira 12 my. Trong qué trinh chuyén dong, tén Iira ludn phut khi
ra phia sau, khoi lugng gidm din va van tdc ting dan. Hay tinh van toc V clia tén
Itra khi khéi lugng clia né 1a m. Pong lugng ciia tén lita lic d6 1a p, = mv. Sau thoi
gian dt tén Itta phut ra khoi lugng khi dm. Xem van t6¢ phut khi d6i vé6i tén Itra ludn
khong ddi va bing U thi van t6c phut khi d6i v6i hé qui chi€u dang quan sit bing
u+v va dong lugng ctia khi phutra la :

dm(u + v)

Sau khi phut khi, khéi lugng tén Iira gidm di con (m — dm), van téc clia nd
ting lén thanh (V + dV) , vy dong Ilugng tén lra sau khi phut khi
la(m —dm)(V +dv) . Pong lugng cla hé sau khi phut khi 1 :

p, =dm@Uu+v)+(m—-dm)(v+dv)
Gia st khong c6 thanh phan luc tic dung theo phuong chuyén dong, theo
dinh luat bdo toan dong lugng : p; = P, - Vay:

dm(Ui+V)+(m—-dm)(V+dv) = mv (3.34)
B4 qua s6 hang vo cling bé bac hai —dmdV , ¢6:
mdv =—udm (3.35)
Vi cdc vector déu cling phuong nén vé gi4 tri :
mdv = - udm

dv = —u 9 (3.36)
m

Tich phan (3.36), chd y dén diéu kién ban diu, t = 0 ¢ v = vy vd m=m, ta
thu dudc :

[0)

1’IIO
= V=V, +uln (3.37)
m m

V—-v,=uln

Cong thifc nay 1an dau tién do K.E.Xionkopski 14p nén. VAiy mudn van tdc
é e 23t A ?, 9 . e N 2 ~ m ~ 92 .
tén Ia 16n thi van toc phut khi (d6i véi tén Ita) u phai I6n va ti s6 —0 cling phai
m
16n. Phuong phdp dugc ding hién nay 12 xdy dyng tén lira nhiéu tang, loai bd dan
nhitng thi€t bi ¢ 1am xong nhiém vu d€ gidm nhanh hon khdi lugng con lai m.
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3.5 Momen lu'c va momen dong lugng

3.5.1 Momen luc

Momen cua mot luc F, u
déi véi mot géc O chon trudc,
Ia mot vector dudc xac dinh :

i=7txF (3398
Trong d6 (r) 1a ban kinh
vector vach tr O dén di€m dit

cia F .Phuong va chiéu cia
dugc xéc dinh theo qui tic vin
nit chai, d6 16n ctia i 1a : Hinh 3.3
u = rFsina = hF (3.39)

Trong d6 o 12 géc tao bdi T va F; h 12 hinh chi€u cda T 1&én phuong vudng
gbc véi F.

Tu (3.38) ta suy ra ring momen cuta luc F khong thay ddi khi di€ém dit A
ctia lyc dich chuyén doc theo phuong tic dung cda luc.

’

Neu F=F +F +..F =YF thitrtnh chit da biét cta tich
i

vector, ta co :

i=7xF=({xF)+ (xF) +..(fxE)
=Y (FxE) = i (540

Viy, momen ddi v6i diém O cia nhiéu luc tdc dung ddng thdi bing tdng
hinh hoc ctia cdc momen cédc lyc thanh phan ddi véi diém doé.

Momen cua luc F, ddi v6i mot truc Oz nao d6, 1a thanh phan W, trén truc Oz
clia vector momen luc [i d6i v6i mot di€m O. Ta thdy ring momen luc doi véi mot
di€m 132 mot vector, con momen ciia cung lyc d6 d6i v6i mot truc bat ky di qua
di€m trén 12 mot vo hudng.

Ngudi ta chitng minh dugc ring : trong mot hé chit diém hay vat rin tdng
momen cua cdc ndi luc ﬁt - con dudc goi 12 momen téng hop ciia cdc noi luc -

d6i véi mot di€ém bat ki, ludn ludn bing khong.
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3.5.2 Momen dong lugng

Momen dong luong L clia mot chat diém c6 khdi lugng m, chuyé&n dong véi

van toc V, d6i vdi diém O nao d6, 13 mot vector dude xac dinh bing bi€u thic :
L=Txmv=°7xp

Trong d6 T 1a ban kinh vector vach tir O dé&n vi tri clia chat diém. p = mv
12 dong lugng chat diém.

Momen dong ludng, d6i véi mot truc Oz nao do, 1a thanh phan L, trén truc
Oz ctia momen dong lugng L ddi véi diém O.

Momen dong lugng toan phin L ctia mot hé chat diém hay vat rdn, ddi véi
mot di€m O nao do, 1a tf;ng hinh hoc cdc vector momen dong lugng L doi véi O
clia cdc chat diém m; trong hé :

L= L =2 &xp, =D (Fmv) (3.41)

*- Pinh luat bié€n thién va bdo toan momen dong luong :
- B6i v6i chat diém :

Tu (3.41) t ’-g—i(fx")— ifx‘ + fxd—f)
3. )aco’dt dt P dt P dt

Taco: (ﬂx f’] =(Vxp)=(Vxmv)=m(VvxVv)=0

dt
dp =
5 X _F
Va dt

Trong d6 F 12 luc tdc dung 1én chat diém, thi :
Lodp. . o= L
(rx—)=(r xF)=

dt "

Vay : dL = U 3.42
ay : a u (3.42)
Pao ham theo thoi gian ciia momen dong luong ciia chdt diém doi véi
mot diém cd dinh O bang momen déi véi O ciia luc tdc dung lén chdt diém.
Khi momen lyc tdc dung 1én chat diém bing O thi :
dL _ 0 = L = const (3.43)
dt
Nghia la L khong d8i theo thdi gian.
Viy ta c6 dinh ludt bdo toan momen ddng lugng : Momen djong luong cia
chdt diém déi voi mot chdt diém cé dinh, khong thay doi theo thoi gian néu
momen lyc doi vdi diém dy ludn luén bing khong.

D6i v6i hé chit diém hay vatrin :
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- d . . .
Tach: dt Z( xp;) = Za (, xp;) = izui

Trong d6 ; 1a momen ll_rc tdc dung 1én chat diém thit i.
Vay, v& phai clia phuong trinh trén 13 téng cdc momen luc tic dung lén cd
hé, nhu ta bi€t 12 tdng momen clia cdc ngoai luc tic dung 1én hé, thi :
dL _
— =Y ExE") =1 (3.45)
dt ; Y
Trong dé F 1a téng cdc ngoai lyc tdc dung 1&n chat diém thd i va [ 13 tong

cdc momen ngoai luc tdc dung 1én cd hé.
Pao ham theo thdi gian clia tdng momen ddng lugng clia mot hé chat diém
hay mot vat rin, d6i v6i mot diém cd dinh O, bing tdng cdc momen ngoai luc ddi
v6i O.
- Trudng hgp riéng néu [ = 0 thi:
C;—I; =0 = L = const (3.45)
Ta c6 dinh luit bdo toan momen dong lu'dng doi vdl hé chat diém :
MOMEN PONG LUQNG CUA MOT HE_ CHAT PIEM HAY MOT VAT
RAN POI VGI MOT PIEM CO PINH O KHONG THAY POI THEO
THOI GIAN, NEU TONG MOMEN CAC NGOAI LUC POI VGI PIEM 0
BANG KHONG.
Momen dong lugng clia mot vat rin quay quanh mot truc ¢ dinh :
Tru6c hét ta hiy xét trudng hop clia mot hé chat di€m, sau sé& xét trudng hop
riéng dic biét d6 1a trudng hop clia vat rin.
Xét chit di€ém khdi lugng m quay theo dudng tron tAm O bédn kinh r véi van

toc v, viy momen dong luong clia chit di€ém d6i vdi truc quay A vudng géc vdi mit

phing qu§ dao 1a : ! =mvr
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Hinh 3.4

Né&u goi o 12 van toc¢ goc thi :
v=or=/=mro
M4 rong két qua nay cho trudng hgp mot hé chit diém, momen dong luong ctia hé
ddi véi truc A bing :
L=Ymro (3.46)
1

Trong d6 tdng dugc 14y theo moi chit di€m ciia hé. Do ® nhu nhau véi moi
chat di€ém. Vay :

L=oYmrs =ol (3.47)
i

Véi 1=, mil‘i2 goi 1a momen quén tinh ctia hé ddi vdi truc quay A.
i
Theo (3.47) thi momen dong ludgng ctia hé doi véi truc quay bing momen
quén tinh clia hé doi véi truc quay 4y nhin véi van toc géc clia hé.

C6 thé tha db. _d (Iw) (3.48)
ay: —— =— = .
Y Ua T dt H

Vay dao ham theo thdi gian ctia momen dong lugng cta hé biing momen cua
ngoai luc d6i véi truc quay.

Trudng hgp riéng néu momen ngoai luc ddi véi truc quay bing 0 thi momen
ddéng lugng bdo toan.

Trudng hgp vt rin quay quanh mot truc cd dinh, thi do vat rin c6 thé xem 1a
ddi véi di€ém O mot hé chat di€ém cd két nén momen quén tinh I ctia hé 13 khong
ddi va phuong trinh (3.48) trd thanh :

do
I—=u=1IB= 3.49
el B=u (3.49)
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Xét vé gid tri vector : If = fi
VAY, TICH CUA MOMEN QUAN TiNH CUA VAT RAN POI VGI MOT
TRUC QUAY CO PINH VOI GIA TOC GOC BANG MOMEN CUA
NGOAI LUC POI VGI TRUC QUAY.
PAy 1a dinh luat co ban vé chuyén dong quay cda vit rin quanh mot truc
quay.
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CHUONG IV:
TRUONG LUC THE -
TRUONG HAP DAN

4.1 Khdi niém va tinh chit cda trudng hyc thé

Mot chit diém dugc goi 13 chuyén dong trong mot truong luc néu tai mdi
vi tr cia chat di€ém déu ¢6 mot luc F tdc dung 1én chat diém 4Y.

Luc F tdc dung 1én chit diém néi chung phu thudc vao vi tri cla chat
diém, F Ia mot ham cia toa dd clia chit diém va ciing c6 thé 1a mot ham cia thdi
gian t. O day ta chi xét trudng hop F chi phu thudc vao vi tri cia chit di€ém ma
khong phu thudc vao thdi gian.

F=F(t)=F(x,y,2) (4.1)

Khi chat di€m chuyén dong trong trudng luc tir vi tri M dén vi tri N bat ky
thi cong ctia luc F bling :

Ayy = |Fds
MN

Trong trudng hgp cong Ay cua luc F khong phu thudc dudng dich chuyén
MN ma chi phu thudc vi tri cia diém M va di€m N thi ta néi ring : F 1a luc cua
mot truong thé.

Vi du : trudng tinh dién Coulomb; Trong trudng déu 1a nhitng trudng hop
cla trudng luc thé.

a) Xét truong hgp truong tinh dién Coulomb
Tai di€m O c6 dinh, dit mot dién tich +q, dién tich nay s& sinh ra mot dién
trudng chung quanh né. Mot dién tich qq tai vi tri bat ky cdch q mot khodng r. Dién

tich qo s€ chiu tdc dung mot lyc dién coulomb F c6 phuong 13 dudng thing ndi qqp,
va c6 do 16n :

F=kIdo
81'2
Gid str gp>0 : F sé 1a lyc ddy. Gia sl qy dich chuyén tir M dén N, ta tinh
cong cua luc dién coulomb F trong dich chuyén nay.
Cong vi phan trong chuyén ddi nhé AB =ds I :
dA = Fd§ =F.AB.cosa.= F.AH

(4.2)

AH 12 hinh chi&u cia AB 1én phuong ctia F.
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F
H
M o
do
ds
B
T
T+dr
@) N
ib +q0
mMnh 411

OA=r ; OB=r+dr~OH ;
AH~ OB - OA =dr

dA = Fdr = X990 g,

81'2
Cong cua luc dién coulomb trong qua trinh dich chuyén cia qq tir M dén N :
T T aq
_ _ 0
M o, Er
_ .99 99 _ 99 1 1
Ayw=k—"-k-—=Kk (4.3)
Elyy Ely e \(ny Iy

Ta thdy cong Awn chi phu thudc vi tri hai diém ddu va cudi MN : Vay
truong tinh dién Coulomb la mot truong thé.

b) Trudng hgp chuyén dong dudi tic dung ciia mét trong truong déu

Xét mot chat di€m m ludn ludn chiu tic dung cua trong luc :
P=mg (4.3")
Trong pham vi khong gian khong 16n, g 1udn ludn thing ding huéng xudng

va c6 d6 16n khong ddi, lic nay ta c6 trong trudng déu.

Ta hay tinh cong cia trong luc P khi chat diém m chuyén dong tir diém M
dén N :
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N—>
Ayy = [PdS (4.4)

M
Z A
ZM e M
z A
z+dz ds Hinh
ﬂ v

& B

7N P N—»

Trong chuyén d&i nhé AB = ds
Cong vi phan :
dA = PdS =P.AB.cosa
dA =P.AC =-Pdz

dz = zg — ZA diu trir § v€ thit hai ¢6 nghia khi dz<0 (d9 cao gidm) thi
dA>0.
Cong cua trong lyc khi dich chuyén tr M d@én N 1a :

N
Ay = [~Pdz =P(zy —2y)
M

Amn = mg(Zy - Zn) 4.5)

Ta thdy cong Ay chi phu thudc Zy; va Zy nghia 1a chi phu thudc vi tri clia
M, N ma khong phu thudc dudng dich chuyén. Vay trong lyc déu la mot truong
luc thé.

4.2- Thé niing va co niing cua trudng luc thé

Trong trudng luc thé, khi mot chat diém dich chuyén tir vi tri M sang vi tri
N thi cong Ay cda trudng luc chi phu thude vao vi tri cia M, N. Luc tac dung vao
chat di€m trong trudng hdp nay chi phu thudc vao vi tri clia chit diém, ta goi 12 luc
bdo toan. Cong cla lyc bing hiéu so giita hai s6 hang E,(x,y,z) phu thudc vao vi tri
diém dau va di€ém cudi. Mot cdch tong quéit ta viét :
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N
Ayn = j Fdt =Ep,(M)—-Ep(N) (4.6
M

Pai lugng Ep(X,y,z) goi 12 thé ndng cla chat diém.

Thé& ning clia mot chit diém trong trudng luc thé 1a mot ham Ep(X,y,z)
phu thudc vi tri cia chit di€ém sao cho :

Amn = Ep(M) - Ep(N) (4.7)

N6i cdch khdc : Thé ndng la mét ham sé ciia toa do, sao cho hiéu sé gid tri
ctia né & vi tri dau va vi tri cudi trong mot truong liuc thé bang céng ciia truong luyc
thuec hién khi lam dich chuyén chdt diém tix vi tri dau dén vi tri cudi.

T dinh nghia ndy ta thdy ring néu dong thdi cong Ep(M) va Ep(N) véi
cting mdt hiing s thi hé thic (4.7) vin khong ddi : Thé ning clia mot chat diém tai
mot vi tri dugc dinh nghia sai khac mot hing s6.

Vi du : Trong trong trudng déu, dua vao biéu thifc (4.5) ta suy ra biéu thic
th€ niing clia chit diém tai vi tri c6 dd cao z :

Ep(z) = mgz + C

Trong di€én trudng coulomb dya vao biéu thic (4.3) ta suy ra biéu thic th&

niang cua dién tich qq tai vi tri cdch @ mot khoang r :

E,(n=k2d,C
er
Vay th€ ning tai mot vi tri dude xdc dinh sai khdc mot hing s& cdng nhung
hiéu th€ ning giita hai vi tri thi hoan toan xdc dinh. Gifta cong ctia trudng luc va th€
ndng c6 hé thic sau :
Ayn = ,[ng =Ep(M)-E,(N)
MN
Né&u cho chit diém dich chuyén theo mot vong tron kin (diém M tring véi
N) thi hé thic trén trd thanh :

Ayn = IFCﬁ = §Fd§ =0 (4.8)
MN

*_ Y nehia cda thé ning :

Thé ning 12 mot dang ning lugng dic trung cho fuong tdc, vi du dang thé
ning cla chit diém trong trong trudng cia Qua dat 1a ning luong dic trung cho
tuong tic gifta Qua dat vdi chit diém. Thé ning clia dién tich qq trong dién trudng
coulomb ctia dién tich q 1a th€ ning tuong tic giita q va qo.

4.2.1 Pinh luit bao toan co niing trong truong luc thé

Khi mot chit diém khdi lugng m chuyén dong tir vi tri M dén vi tri N trong
mot trudng Iyc thé, thi cong clia trudng luc 12 (theo 4.7) :
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Amn = Ep(M) — Ep(N)

Né&u chat diém chi chiu tdc dung cia trudng luc thé, ta c6 :
Amn = Ex(N) - Ex(M)
Vé6i M 1a diém dau, N 1a diém cubi cta qua trinh dich chuyén.
Viy :
Ep(M) — Ep(N) = Ex(N) - Ex(M)

Hay Ep(M) + Ex(M) = Ex(N) + Ep(N)

(Ep + Ex)m = (Ep + Epn (4.9)

Véi (Ep + Ex)um 12 tong th€ ndng va dong nidng cia chat di€m tai vi tri M
trong trudng lyc.

bai lugng (E, + Ex) dugc goi 1a co ndng cha chit di€ém bing tdng dong
ning va thé& ning clia chat di€m tai vi tri dang xét, ky hiéu E :

E = (Ep + Ey) = Ep(X,y,2) + mv?/2 (4.10)
T (4.9) ta c6 thé phdt biéu :

“Khi mot chdt diém chuyén dong trong mot truong thé' (ma khong chiu
tac dung ciia mot luc nao khdc) thi co ndng cia chdt diém la mot dai luong
bdo toan”.

Vi du trong trudng hdp chit di€ém rdi ty do trong trong trudng déu, co ning
cta chat diém m tai d6 cao z 1 :

E =mgz + mv2/2 4.11)

Tai vi tri zy gid s van toc ban dau cda chit di€ém bing khong, tai mot vi tri
¢6 do cao z ta c6 theo (4.11) :

Mgz, = mgz + mv>/2

Hay : v* =2g(zy- z) = 2gh

TRONG TRUONG HOP CHAT PIEM CHUYEN PONG THANG,
THE NANG CHIi PHU THU()(; MOT BIEN SO TOA PO TRONG TRUONG
LUC. TA XET TOA PO X CHANG HAN, CO NANG BAY GIO VIET THEO

(4.10) :

E = mv*/2 + Ep(x) (4.12)
Vi E 1a co ning, 12 mot hiing s6. Trong chuyén dong thing v=dx/dt, (4.12)
dudc viét :

1 dx \’
E=—m|— | +E
Zm(dt) p(X)

Poan Trong Thi Khoa Ogt Ly



Co hoe - 58 -

dX 2 1/2
Suy ra : == {— [E-E, (x)]} (4.12)
dt m

Phuong trinh nay cho phép ta thu dugc hé thic lién hé gilta toa do x va thdi
giant:

dx (
.[ ) 1/2
{m[E—EPo«)]} “

4.2.2 Sc @b thé ning

(4.13)

Thé ning Ep cia mot chit di€m trong trudng lyc the 12 ham cida toa do dudgc
bi€u dién : Ep(X,y,z).

Trong trudng hdp thé ning chi phu thudc vao mdt toa do (x chflng han) thi :
Ep = Ep(X)
Ta c6 thé v& @6 thi clia ham Ep(x) theo x; dd thi d6 12 sd @6 thé ning.
Khio st sd d6 thé ning clia chit di€m trong trudng luc thé ta c6 thé suy ra
mot s& két luan dinh tinh vé chuyén dong ctia chat diém dé.
TruSc hét ta xdc dinh gidi han clia chat diém, gid thuyét cd ning clia chat
di€m trong trudng lyc thé c6 mot tri s xdc dinh bing E :

mv*/2 + Ep(x) = E = const (4.14)
Vimv?/2 > 0 nén ta c6 didu kién Ep(x) <E (4.15).

Bat ding thiic (4.15) c6 nghia 13 trong qu4 trinh chuyén dong, chat diém chi
di qua nhitng vi tri ma tai d6 th€ ning cla chit diém khong vudt qua cd ning cia
né. (4.15) xdc dinh gidi han ctia chuyén dong.

Xét trudng hop dudng cong thé niing Ep = Ep(x) c6 dang nhu hinh vé :
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EPA
E,\ K
(4 \ .
§ .
Es M 3)
E, D F G (2)
E; M; (1)
v o
O X

Hinh 4.3

Tai bat ky vi tri clia chdt di€ém, ta ¢6 E, = E — E, 12 dong ning cla chit
di€m. Trén so dd cic dudng nim ngang bi€u dién co ning E, ta 1an lugc xét cic co
ndng c6 gid tri tai Ey, E,, E3, E,.

Trudng hop co ning clia chit diém E=E,, dudng thing E; cit dudng biéu
dién cla thé ning tai hai diém A va B. Tai hai viing trén, dudng th€ ning bén trdi
cia A va bén phdi cia B ta ¢c6 Ex = E, - E, < 0; nhung vi E,=mv*/2 > 0 do d6 chat
di€m chi dao dong trong viing c6 toa do A’ va B’. Tai cdc di€m x=A’ va x=B’ vén
toc triét tiéu. Cac di€m nay goi la diém lui.

Trudng hop E=E, ta thiy c6 hai viing chit diém c6 thé chuyén dong d6 1a
viing CD va FG. Luu ¥ riing chat di€ém khong thé di chuyén tir viing nay sang viing
kia, vi nhu th& chat di€ém sé& vudt qua ving DF, tai diy dong ning c6 gi tri 4m 12
ving bi cAm. Ta né6i hai ving CD va FG bi phan ly bdi mot hang rio thé€ ning
tuong hdp E=E;.

* Chat di€m dao dong trong ving HI :
Né&u E=E, chit diém khong con dao dong ma chuyén dong tir diém k dén

vO cung.

Trén so d6 cic diém M;, M,, M5 th€ ning c6 gid tri cuc dai hoic cuc tiéu,
tai d6 dE,/dx=0, do d6 F=0 chinh la nhitng vi tri cin bing cda chat diém. Tai cdc
di€m M, va M; thé ning c6 gid tri cuc ti€u, cdc vi tri @6 12 nhitng diém can bing
bén. Tai M, th& ning c6 gid tri cuc dai, 12 diém cin bing khong bén.
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4.3 Truong hap din

Nhiéu hién tugng tu nhién chitng td riing cdc vat cé khdi lugng ludn ludn
tuong tac 1én nhau nhitng lyc hit. Trong luc 13 Iyc hiit clia Qud dat d6i vdi cdc vat
chung quanh né. Quéd dit quay chung quanh Mit trdi 12 do luc hit cda Mit trdi;
Miit tring quay chung quanh Qua dat 1a do lyc hit cia Quéd dit. Moi vat trong vii
try déu hit 1an nhau, goi 1a lwc hdp ddn van vat.

Newton 12 ngudi diu tién néu lén dinh luit cd ban vé luc hap din van vat,
vGi dinh ludt nay da giai thich dudgc ba dinh luat Kepler, ba dinh ludt nay dua ra sau
khi phan tich nhiéu s6 liéu do dac thién vin trong Thdi duong hé. Ba dinh luat
Kepler :

I- Quy dao ciia cdc hanh tinh 14 nhitng elipse, ma Mit trdi 13 mot tiéu diém.
II-Dién tich quét bdi ban kinh vector vé tir Mit trdi dé€n hanh tinh 13 bing nhau
trong nhitng khodng thdi gian bing nhau (con goi 1a dinh luat dién tich).

II1- Binh phuong chu ky quay cda hanh tinh ty 1€ vGi tam thira ban kinh truc 16n
ctua quy dao.

4.3.1 : Pinh luit hap din van vat :

vTlh
L

"

hinh 4.4
Hai chit diém c6 khdi lugng m va m’ dit cich nhau mot khodng r sé& hiit
nhau biing nhitng luc cé phuong 1a dudng thing ndi lién hai di€ém d6, c6 cudng do
ty 1& thuan vdi tich hai khoi lugng m va m’ va ti 1& nghich véi binh phuong khodng
cachr:

'

mm
F=F =G (4.16)

G 13 mot hiing sd ti 1&, phu thudc vio cic don vi, goi 13 hdng so hdp dan
van vdat.
Trong hé SI, thuc nghiém cho ta gié tri:

G = 6,67.10" Nm%kg? ~ % 10° Nm%kg’.
Cong thic (4.16) chi d4p dung cho trudng hop nhitng chit diém. Mudn tinh

lyc hap din van vat giita cdc vat c6 kich thudc, ta phdi dung phuong phép tich
phan. Ngudi ta di chitng minh dugc ring vi ly do d6i xiing, nén cdng thitc (4.16)
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ciing 4p dung dugc cho hai qui ciu ddng chat, khi d6 r 1a khodng cdch giita hai tAm
clia hai qué cau do.

Nhiéu thi nghiém di ti€n hanh nhim ki€m ching su ding din cda dinh luat
sau khi Newton cong bd dinh luit nay vao nim 1687. Thi nghiém kiém ching diu
tién dugc ti€n hanh & phong thi nghiém do Cavendish thuc hién. Ngay nay, dinh
luat hap din van vat 1a cong cu hét sitc quan trong trong thién viin hoc, vil tru hoc
va gidi thich nhiu hién tugng ciing nhu tinh todn céc dic trung clia cdc hanh tinh.

Céc dinh luat cia Kepler vé chuyén dong cta cdc hanh tinh trong Thai
Duong Hé dudc chitng minh mot cdch dé dang thong qua lyc hap din van vat.
*- Vai ving dung :

a) Su thay doi gia toc trong truong theo dp cao :
Xét mot vat c6 khoi lugng m trén mit dit, gid st Qua dat hinh ciu ban kinh
r va kich thudc clia vat khong 16n 1dm so véi ban kinh r ctia Qud dat. Luc do Qua
dat tdc dung vao vatla :

F = GmM/R? (M : khdi lugng trdi dat) (4.17).
Luc hap din nay chinh 1 lyc trong trudng dit 1én vatm :
F=P=mg (4.18)

V6i gy goi 1a gia tdc trong trudng & mit dat. T (4.17) va (4.18) ta co:

go = GM/R® (4.19)

Gia tri gy dudc do bing thuc nghiém, phu thudc vi do cia noi do, néu
14y gid tri trung binh gy = 9,8m/s’>, ban kinh Qui dit R = 6,37.10°m.
G=6,67.10"'m’kg's™ (hay Nm’kg™) ta tinh dudc khoi lugng cia Qué dat :

Tu (4.19) tacéd :

M = gor’/G = 5,98.10%'kg
Tai mot di€m cdch mit dat do cao h, lyc trong trudng tic dung 1én vat khoi
lugng m tinh bdi :
P = GmM/(R+h)* = mg (4.20)

Suy ra gia toc trong trudng tai dd cao h :

_ R 2
g—go(—R+h) (4.21)
(4.19) va (4.21) cho :
g= go(m) - gO(l_I_—h) - go(l + E) (4'22)

R
Do h<<r, suy ra h/r<<1; do d6 (1+h/1r)'2 ~ 1 - 2h/r, (4.22) trd thanh :

g = go(1 — 2h/R) (4.23)
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Cong thitc (4.23) cho thdy cang 1én cao, g cang gidm. Cong thic nay chi
diing khi h<<R.
b) Tinh khéi lugng ciia thién thé :

Ta c6 thé tinh khoi lugng ctia Mit Trdi thong qua lyc hap din. Goi R 1a
khoédng cdch tir tim Qué dait dé€n tam Miit Troi, gid st trai ddt quay quanh Mit Troi
theo quy dao tron, goi M 1a khdi lugng Trdi Dat, M, 1a khoi lugng Mit Trdi. Tréi
dat quay quanh Mit Trdi do Iuc hap din clia Mit Trdi 1én Trdi PAt, luc hap dan Ay
la:

F = GMMy/R’ (4.24)
Luc nay déng vai tro 1a lyc huéng tim. Trong chuyén dong tron déu ta da
biét luc huéng tAm 12 :
F=MV%*R (4.25)
V :1a van toc clia Qua dat trén quy dao, lién hé vdi chu ky quay T ctia Qud
dat :
V =2rR/T (4.26)
Suy ra : GMMy/R* = M(2nR)*/RT? (4.27)
Suy ra khéi lugng Mit Troi
M, = 4n° RY/T°G
Tinh cu thé€ bing s6 ta dude My ~ 2.10"%kg.

4.3.2 Truong hiap din

Dé€ giai thich lyc hdp din, ngudi ta cho ring chung quanh mot vat c6 khdi
lugng ton tai mot truong hdp ddn, tuong tu chung quanh mot vat mang dién tich
ton tai dién truong.

B4t ky mot vat nao c6 khdi lugng dit tai mot vi tri trong khong gian ctia mot
trudng hap din mot vat khac, déu chiu tic dung cta luc hap din. Trudng hap din
cta Qud dat chinh 12 trong trudng clia nd.

Pai lugng dic trung cho trudng hap din 1a cuong do truong hdp dan tai
mot diém trong khong gian. Xét mot chit diém khdi lugng m, cudng dd hap dan tai
mot diém trong khong gian cich chit di€ém m mot khodng r dugc x4c dinh nhu sau :

Mg H g , U
Hinh 4.5

Pit vio trudng hdp din cla m mot chat di€m khoi lugng m’ cich m mot
khodng r. lvc hap din do m tdc dung Ién m’ 1a :
= mm'
F=-G

2
r

uI'
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U, 1a vector don vi c¢6 phuong tring vdi dudng thing ndi mm’ va chiéu
huéng ra xa m.
Cudng do trudng hip din tai diém P noi dit m’ ky hiéu H, ¢ d6 16n:

H = F/m’ = Gm/r* (4.28)
Biéu dién bing vector :
_ F . m._
H=—=-G—u, (4.29)
m r

Biéu thiic (4.29) 1a vector cudng do6 trudng hap din tai di€ém P do m giy ra.
Biét dugc H ta c6 thé xdc dinh dugc luc hdp din F tic dung 1én m’ tai mot vi tri r
cichm :

—

F=mH (4.30)

Pon vi cia H 1a N/kg hodc m/s* ¢6 cing thi nguyén véi gia toc.

Tai mot diém P trong khong gian, néu c6 nhiéu trudng hap din do nhiéu
chat di€m giy ra thi cudng dd trudng hip din tdng cdng biing tong vector cudng do
trudng hap din do tiing chat diém tao nén :

—

_ _ — m.'
H=H+H,+.+H,=GX 50 @3

Do d6 luc hap din tong cong sé& 1a :

—

F:m’ﬁ1+m’H2+...+m’ﬁn=m’H (4.32)

a) Bdo toan moment dong lugng trong truong hdp dan :

Xét mot chat diém khdi lugng m dit trong trudng hdp din clia mot chat
di€ém khdi lugng M dit tai di€m O cd dinh 14 goc toa do :

Hinh 4.6

Ap dung dinh Iy moment dong lugng 4p dung cho chat diém m déi véi diém
O,taco:

dL _ -
—=nF 433
dt ( . )
) dL
Luc F ludn luén huéng tam do do a =0 (4.34)
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Suy ra Lkhong d6i.

Vay khi mot chit di€ém m chuyén dong trong trudng hap din clia mot chat
di€ém M thi moment dong lugng ctia m 1a mot dai luong bdo toan, tic 1a gia tri cla
moment ddng luong khong ddi va vector L cé phuong, chiéu ciing khong ddi trong
khong gian. Chat di€m chuyén dong trong mdt mit phing, mit phing d6 thing géc
vdi vector L.

Qud dat chuyén dong chung quanh Mit trdi duéi tic dung ctia lyc hap din
clia Mit trdi nén quy dao clia Qui dit 1a mot quy dao phing. Biéu thifc moment
dong lugng ctia Qua dat cho bdi :

L = mr’® = const (4.35)

Chitng t6 khi chuyén dong gan mit trdi (r gidm), van toc géc o cang 16n va

ngugc lai.

b) Thé nang hédp dan

Ta biét ring lyc hap din thuodc loai lvc xuyén tAm, chi phu thudc khodng
cach, vi vay th& ning hap din dudc xdc dinh qua biéu thic :

= ——ar u, (4.36)

Véi U, 1a vector don vi c6 chiéu ngugc chiéu véi F.
Xét mot chat di€ém m chuyén dong trong trudng hiap din do M tao ra, di
chuyén tir A d&€n B nhu hinh vé : A

Cong cuia lyc F trong chuyén ddi vi phan dS = PQ

dA = F dS=F.PQ = F.PQ.cosa
T hinh vé& ta ¢6 : PQ.coso. = -PH; (PH 13 d6 dai dai s6, chiéu duong O>

Vay dA = - F.PH (4.37)

Poan Trong Thi Khoa Ogt Ly



Co hge - 65 -

bat @zr,O_Hz®=r+dr

VaPH=OH-OP =r+dr—r=dr
Mm
dA =-Fdr=- G——dr
r
Cong cia lyc F trong chuyén di m tir A @én B :

Mm dr

2
r

A g :—TFdr = T—G

A

Mm _(_GMm

Tp Iy

A =-G ) (4.38)

Cong cta lyc hap din F chi phu thudc vi tri diém dau A va diém cudi B. vay
trudng hap din ctia M la mot truong thé.

Theo dinh nghia clia th€ ning, ta cé thé xdc dinh thé ning ciia chit diém m
trong trudng hap din ctia M tai vi tri A :

Mm
E,(A)=-G—+C (4.39)
Iy
Tai B :
Mm
E(B)=-G—_* C (4.40)
B

Thoa man hé thic :
ABA = Ep(A) - Ep(B)
Téng quat, thé ning ctia m tai mdt vi tri caich O mot khodng r :

Mm
B =-G——+ C (4.41)

C 12 hiing sd ty ¥, c6 gid tri bing th& ning tai vo cling :
E,(c0) = C
Trudng hap din 1a mot trudng th€, do d6 khi m chuyén dong, cd ning bdo
toan :

E=E, + E
Mm mv’
E:-GT+T = const, chon C =0 (4.42)
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4.4 Chuyén dong trong truong hap din

Ta biét ring, trudng hap din 12 mot trudng thé. Do d6, co ning bio toan theo
(4.42). ta c6 cd ning cta chat di€ém m chuyén dong trong trudng thé giy bdi chat
diém M 1a :

| RS Mm
E=—mv: -G— 4.4
> : (4.427)
Né&u m chuyén dong vdi quy dao tron thi luc huéng tim sé& 1a :

F=mv’/r , véir : khodng cdch tt m dé€n M.

2
mv Mm
Tacé: =G—;
r r
2
mv Mm
Z . —_— G
Do do: 2 or
(4.42) trd thanh :
E = -GMm/2r (4.43)

(4.43) chitng té ring co ning cé gid tri Am. Téng qudt, cdc chuyén dong
trong trudng hap dan v6i quy dao 1a elipse thi cd ning c6 gi tri Am. Trong trudng
hgp cd ndng E>0 : Trudng hgp nay E>E,.

xét khi r ti€n dén vo6 cling. Liic nay tir (4.42) ta c6 :

E = mv>/2

Hay v, = V2E/m (4.44)

Quy dao cliia m bay gid 1a mot hypecbol.
Trong trudng hdp E = 0 : trudng hdp ndy, tai vo cuing, chit di€m m c6 van
toc triét tiéu (v,=0) quy dao clia m 12 mdt parabol (xem hinh).

E<0 —/r E>0 E=0
0 »r 0O > r 0 >
e
k E =- @

Hinh 4.8

Poan Trong Thi Khoa Ogt Ly



Co hoe 67 -

| N
S

Elipse Hyperbol Parabol

Trudng hop dic biét d6i v6i viéc phéng vé tinh & Qua dat : tai mot di€ém &
dd cao h so v6i mit dat, vé tinh dude phéng ra vdi van tdc ban diu v, vuodng géc
vdi dudng thing ding. Tuy thudc vao co ning E cda vé tinh ma né sé c6 quy dao
elipse, hyperbol hay parabol, trong d6 tAim Qud dat 12 mot tiéu dié€m cia quy dao.
Goi vo 12 van toc ban dau co ning clia vé tinh sé 1, theo (4.42) :

E= mviy2+ (G
R+h

»
»

Vo

>0 Hyperbol

=0 Parabol

FE<0 Elinse Hinh 4.9

* Van toc vii tru cAp 1 :

Gia st vé tinh dugc phéng & mot do cao khong 16n so véi ban kinh Qua dat
h << R ( véi R c¢6 gi4 tri trung binh ¢& : 6378km) ta c6 thé xem ban kinh qiiy dao
clia vé tinh biing ban kinh R clia Qué dit. Van tdc v; clia vé tinh trong chuyén dong
tron c6 lién hé véi gia tdc hudng tam :

ag=go = V-/R (4.45)

suyra vi- Jg R 18y go= 9,8m/s>
Thay s& ta thu dudc :
vi= 7,9 km/s ~28.440 km/h
Néu van téc ban dau v < vy vé tinh sé& rdi xuéng Qua dat.
Né&u vy > 7,9 km/s (nhung nhé hon van toc cip hai vy) thi vé tinh s& chuyén
dong xung quanh Qua dit theo qiiy dao elipse.

* VAan tdc vil tru cip 11 :
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Trong trudng hop nay cd ning clia vé tinh E > 0; vin gid st ring vé tinh
xuat phat tai noi cach tim Qud dat mot khodng R bing ban kinh Qua dat, ta ¢6 :
mV?y/2 + (- GMm/R) = mV?>,/2 + (-GMm/o0)
Vi GMm/oo =0 ; mV?,/2 >0, do d6 :
mV>y/2 > GMm/R
Theo (4.19) : gy = GM/R?

Do dé : Vo > 2Rg, (4.46)
Gi4 tri t6i thi€u clia V) chinh 14 van tdc vii tru cap II.
Vi= +20,R (4.47)
Gid4 tri cu thé :

Vi =11,2 km/s = 40.320 km/h.
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CHUONG V CO HQC CHAT LUU
5.1 Pai cuong vé cd hoc chat luu

CHAT LUU BAO GOM CAC CHAT LONG VA CHAT KHi. Vi MAT CG
HOC, MOT CHAT LUU CO THE QUAN NIEM LA MOT MOI TRUONG
LIEN TUC TAO THANH CAC CHAT PIEM LIEN KET VGOI NHAU
BANG NHUNG NOI LUC TUGNG TAC. CAC CHAT LUU CO NHUNG
TINH CHAT TONG QUAT SAU :

1. Chiing khong c6 hinh dang nhit dinh nhu mot vat rin.

2. C4c chat luu bao gdbm cdc chit luu dé& nén (chat khi) va cdc chat luu
khé6 nén (chit 16ng).

3. Khi mot chat luu chuyén dong, cic 16p ctia ndé chuyén dong véi
nhitng van tdc khdc nhau, nén giita chiing c6 nhitng Iyc tuong tic goi 1a
lu'c nd1 ma sat hay luc nhét.

Chdt luu I¥ tudng : mot chat luu goi 1a 1y tudng khi chit 4y hoan tdan khong nén
dudc va trong chat 4y khong c6 céc lyc nhdét.

Mot chat luu khong 1y tudng goi 1a chat luu thuc.

Theo dinh nghia trén day, moi chat luu déu 1a cht Ivu thyc. Tuy nhién mot
chat 16ng rat lvu dong (khong nhét) c6 thé tam coi nhu mot chat lvu 1y tudng.

5.2 Tinh hoc chit luu

5.2.1 Ap suit

Xét trong 1ong chat luu mot khdi chit luu duge bao quanh bdi mot mit kin
S (mit S c6 tinh chit twdng tugng), goi dS 1a mot dién tich vi phan bao quanh mot
di€m bat ky trén mit S.
S
M
dS

Hinh 5.1
Thyc nghiém ching té ring phan chat luu bén ngoai mit S tic dung 1én dS
mot luc dF goi 1a 4p luc (Iyc nén) trén dS. Trong trudng hdp chit lvu ndm yén,

dF vudng géc véi dS ta c6 thé dinh nghia dp suit tai diém M.

_dr (5.1)
P ds ‘

Thuc nghiém ciing chitng té ring vdi chat luu 1y tudng, 4p suat p tai M 1a
mot dai lugng xdc dinh (chi phu thudc vi tri di€ém M) khong phu thudc huéng cla
dF.
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5.2.2 Cong thidc cd ban cua tinh hoc chit lvu

Xét mot chit luvu ndm yén trong trong trudng. LAy mot khdi chat luu nim
trong hinh tru thing ditng c¢6 d6 cao dz ddy la dS.
Goi 4p sudt & ddy dudi 1a p, § ddy trén 13 p + dp. Téng 4p luc nén vio hai
ddy khai chat luu 1a :

pdS — (p + dp)dS (5.2)
, A
z+dz dS

v
4

Hinh 5.2
D6 ciing la dp luc ciia chdt luu nén vao hinh tru (vi téng dp luc nén vao mdt
bén triét tiéu nhau) khi chdt luu ndm cdn bdng, tong dp luc nén vao khoi chdt luu
phdi cén bdng vdi trong luc ciia chdt luu. Goi dm la khéi lugng chdt luu ciia khoi
chdt luu hinh tru :
(dm)g = (pdS.dz)g

Trong d6 p 1a khdi lugng riéng cla chat luu; dS.dz 1a thé tich clia khdi chat

p+dp

lutu c6 chiéu cao dz va mit ddy dS. Ta c6 phuong trinh :
pdS —(p + dp)dS = pdSdz.g (5.3)
dp=-p gdz (5.4)
(5.4) la cong thitc co bdn cua tinh hoc chdt luu.
* Hé qud : néu trong chat luu cAn bing c6 hai di€ém & do cao z, va z. Hai diém 2y
c6 4p suat lién hé nhau bdi phuong trinh :
zZ
p(z) — p(zo) =- [pgdz (5.5)
Zg
N&u chit luu hoan toan khong nén duge (p khong dbi) va gia tdc trong
trudng khong d6i ta c6 :
p(z) — p(zo) = - p g(z-20)
Hay  p(z) =p(z) - pgAz (5.6)
Hay p(z) + pgz=p(zo) + p 220 (5.7)
Nhu vdy nhitng diém nao cang & dudi dp sudt cang lon.
*Tu(5.7)suyra :
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a- Hai diém trong chat luu trén cliing mdt mit phing ngang (z = z) thi 4p suat
tuong ng biing nhau (mit ding 4p).

b- Mit thodng (p = hiing s6) cda mot chit 16ng nim yén phai 12 mit phing
ngang (z = hiing s6) (nguyén tic binh thong nhau). Tuy nhién két qua nay
chi ddng v6i mit thoang c¢6 dién tich khong 16n (mit thodng cua dai duong
udn cong theo hinh dang qua dat) mit thodng clia cdc chat lvu dung trong
céc 6ng nhd, do hién twgng mao din ciing khong c6 cung chiéu cao.

5.3 dong hoc chat lvu 1y tuéng

53.1 Pinh luit bao toan dong

Khi khdo sdt chuyén dong ciia mot chdt luu quan niém nhw moét moi truong
lién tuc, ta co thé xét theo hai cdch :

a- Theo ddi titng chat di€m cia khdi chit luu : nghién ctu qily dao, van tdc, gia
toc clia tirng chat di€ém 4y, phuong phap nay dudc ti€n hanh bdi J.Lagrange.

b- LAY mot di€ém M & mot vi tri x4c dinh trong chat luu, xét cdc chat diém khdc
nhau di qua diém M tai nhitng thadi diém khdc nhau tai mdi thdi diém t, vin
toc ctia khoi luu chit diqua M 1a Vv = V(M,t).

Né&u V chi phu thudc M ma khong phu thudc t ta c6 chit luu chuyén dong
dimg. Trong chuong nay ta chi xét chuyén dong dirng ctia chat luu.

Qiiy dao ciia cdc chdt diém ciia chdt luu chuyén déng duoc goi la duong
dong. D6 la nhitng duong cong ma tiép tuyén tai moi diém cé cing phuong vdi vecto
vdn téc ciia chdt diém ciia chét luu tai diém &y. Cdc duwong cong tua trén mot duong
cong kin tao thanh mot 6ng dong.

Hinh 5.3
Xét mot chat luu chuyén dong trong mot 6ng dong rat nhd : goi AS; va AS,
12 hai tiét dién thang bat ky clia dng dong. Trong mot don vi thdi gian, lugng chat
luu chdy qua AS; va AS, (Ivu lugng) 12 AS,V, va AS,V,, v6i V|,V 1an lugt 12 van
téc chuyén dong clia lvu chit tai vi tri AS; va AS, vi chdt luu 1y tudng, nghia 12
hoan toan khong nén dudc nén ta co :

V1A51 = VzASz (5.8)
CONG THUC TREN BIEU THI PINH LUAT BAO TOAN DONG CHAT
LUU.
* Hé qud : AS cang nhd thi van tdc dong chdy v cang 16n.
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5.3.2 Pinh luiat Bernoulli

Trong chat luu Iy twdng, & ché do ding, xét mot dng dong c¢6 tiét dién kha
nho nhu hinh vé.

P1 Sy

Hinh 5.4

Xét thé tich luu cht chay qua ti€t dién S; va S, trong mot khodng thdi gian
At, thé tich luu chit ndy di qua dng dong tiét dién S, sé di chuyén dén S°; va S, di
chuyén dén S’, trong khodng thdi gian At véi cdc doan dich chuyén 1an lugt 13 A ¢,
va A /,. Do chat luu 1y tudng nén thé tich chat luu di qua S, va S, trong khodng thdi
gian At phdi bing nhau :

AVi= AV,=AV (5.9)

Trong trong truong, cdc hat trong luu chdt cé co ndng bdng tong dong ndng
va thé ndng trong truong, gid sit 6ng dong va A dii nhé sao cho moi chdt diém di
qua doan A/ cé van toc la nhu nhau.

Goi hy, hy 1an lugt 13 @6 cao clda AV, va AV,

V1, V2 1an lugt 12 van tdc chat luu trong AV, AV,.

Do ting cd ning ctia khoi lvu chdt tir AV, dén AV, 1a :

AE=(p AV.v2*/2 +p AVghy)—(p AV.vi*/2+p AVgh;) (5.10)

Trong d6 p 1a khdi lugng riéng cda luu chat.

Trong chit luu ly twéng khong c6é luc ma sat, do d6 do ting co ning AE
phai bing cong clia 4p luc § hai thé tich AV,, AV,.

Ap luc & hai bén thanh 6ng dong vudng géc véi dudng dich chuyén cia
chat lvu nén 4p luc nay khong sinh cong.

Theo dinh luit bdo toan cod ning ta ¢c6 A = AE . Vay c6ng tao bdi dp luc &
hai dau ti€t dién S, va S, 1a :

A=pS|Al - pyS, 4, = (p1 — p)AV (5.11)
Tur (5.10) va (5.11) sau khi khit AV va sdp x&p lai ta ¢6 :
pV12/2 + pgh1+p1= pV22/2+ pgh2+p2 (5.12)

Do Sy, S, dugc chon bat ky do d6 ta c6 thé viét tdng quat phuong trinh (5-12)
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p v’/2 + p gh + p = khong d6i (5.13)
Phuong trinh (5.13) dugc goi la dinh ludt Bernouilli ciia mét chat luu li
tuéng chuyén dong trong trong truong deu.
* Vai hé qua cia phuong trinh Bernouilli :
a) Trudng hop chat luu chdy trong mot dng nim ngang
h; = h, phuong trinh (5.12) cho ta.
PVIH2 +p1=pVal2 + s (5.14)
Goi tiét dién clia 6ng & hai vi tri (1) va (2) lan ludt bing S; va S,. Luu
lugng cta luu chit khong ddi va bing :

Q=viSi =5,
Phuong trinh (5.14) c6 thé viét :
p Q28> +p1 = pQ2Sy° +pa (5.15)

Néu S;> S, thip; >p,.
Vay khi chat luu ch3y trong dng nim ngang cé tiét dién thay ddi thi chd
nao c6 tiét dién 16n, 4p suat ciing 16n va ngugc lai (hién tudng Venturi).
b) Cong thitc Torricelli

Xét mot binh dung Iwu chat, gin ddy binh c6 mot 16 nhd, tai d6 chit 1dng
chdy ra, & ddy 6ng dong mot dau 12 mit thodng va mot dau 13 16 nhd noi lvu chat
chdy ra vé6i van tdc v. Van tdc clia cdc hat trong Iuu chat trén mit thodng xem nhu
bing khong. Phuong trinh (5.12) trd thanh :

2
v

pgh, =p—-+pgh, (5.16)
Ta bd qua p; = p, vi 4p sudt khi quyén bing nhau néu chiéu cao cda binh
khong 16n 1dm. Pit h = h; — h, 1a chiéu cao tir 16 nhd dén mit thodng, udc lugt s&
hang p,taco:
v =./2gh (5.17)
Cong thiic (5.17) goi la cong thiic Torricelli.
1

Hinh 5.5

hy

Cong thitc nay trung vdi cong thiic cua vit roi tu do trong chdn khéng. Do
dé, van téc ciia dong chdy thodt ra tit mét 16 ciia binh c6 dj cao h tinh tir mdt théang
bang van téc ciia mot vat roi tu do trong chdan khéng dudi tdac dung ciia trong luc, c¢é
ciing chiéu cao h. Diéu nay chi diing néu chdt luu Iy tudng. Trong thuc t& véi chdt
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luu thuc con cé hién tugng ma sdt nhdt nén van téc thu dugc sé nhé thua van téc &
(5.17).

5.4 Hién tuong ndi ma sat (nhét)

5.4.1 Hién tugng ndi ma sat va dinh luiat newton

Trong muc nay ta xét truong hop chdt luu thuc. Gid sit mot dong luu chdt
chuyén dong trong mot éng hinh tru cé tiét dién déu. Song song vdi truc Ox nhu hinh
Vve.

zZ
u+du
— N
> — >
dz: |O F X
> —> u
SN
Hinh 5.6

Truc Oz huéng vudng géc véi thanh dng. Van toc dinh hudng cia luu chat
trong 6ng thuc nghiém cho thdy, cdc phan tif cang gan truc clia dng ¢ van tdc 16n
hon céc phan ti¥ cia lvu chit gan thanh dng. Nhu vy, hinh thanh nhitng 16p luu
chit c6 van téc khdc nhau, chiing trudt 1én nhau, xdy ra hién tugng ma sit noi giita
cic 16p d6 1am ngin can chuyén dong cta luu chat trong 6ng. Luc ma sit ndi niy
nam theo phuong ti€p tuyén clia mit ti€p xtc giita hai 16p.

Thuc nghiém ching t6 ring Iyc ma sat ndi F gitta hai 16p chat luu :

- Vuodng gbc véi Oz.

- Cudng do6 ti 1& v6i do bién thién van tdc dinh huéng theo phudng z,
(du/dz).

- Tilé v6i dién tich ti€p xiic AS giita hai I6p.

- Phu thudc ban chat cda luu chat.

AF:n@AS (5.18)
dz

M : 12 hé s6 ti 1& goi 1a hé s6 ma sat ndi hay hé s6 ma sdt nhét. Trong hé
don vi SI, n tinh ra N.s/m* = Kg/m.s hay Pa.s ( doc 12 Pascal-gidy). Cong thtc
(5.18) goi la dinh ludt Newton.

* -Sw chdy thanh I6p va su chdy hdn loan :

Trong luu chat khi chuyén dong néu cic 16p luu chat di chuyén khong tron
14n vao nhau, ching chdy thanh ting 16p, cdc dng dong c6 hinh dang nhat dinh, cic
phan tif cla luu chat c6 qiiy dao 1a nhitng dudng cong khong cit nhau ta c6 ché do
chdy thanh I16p. Ngudc lai khi van toc luu chat di 16n hay ti€t dién dong chdy thay
ddi dot ngdt vé do6 16n, trong luu chit xuat hién hién tuong chiy hdn loan, trong luu
chat khong con cic 16p di chuyén 6n dinh, qiiy dao cdc phan ti¥ clia Ivu chit hinh
thanh nhitng “xody r6i”. Luu chit khong con & ch€ do dimng.
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D€ xdc dinh trang thdi cta luu chit theo ché€ do chdy thanh 16p hay chiy
hon loan, Reynolds dwa ra dai lugng goi 1a s6 Reynolds.

Khi luu chit c6 s Reynolds nhd su chdy thanh 16p 1a chd yéu, bit dau tir
mot gid tri ndo dé cla s6 Reynolds thi xudt hién sy chdy hdn loan. S& Reynolds
dugc xac dinh nhu sau :

R, =pvlim (5.19)

p : Khdi lugng riéng clia luu chat.

v : Van téc trung binh ciia dong chdy.

¢ : Do dai dic trung cla ti€t dién ngang, véi ti€t dién c6 dang dudng tron
ban kinh R thi / =R.

n : Hé s6 nhdt ciia luu chat.

Hai dai lugng phu thudc ban chit cla Iuu chdt p va 1 c6 thé gop thanh t s§

v=n/p (5.20)
goi la d6 nhét dong, (5.19) trg thanh :
R. = v/l/v (5.21)

5.4.2 Su chay cua luu chit trong mot éng tru

Xét mot 6ng hinh try ban kinh R, trong d6 c¢6 mot luu chat dang chdy & ché
dd chdy thanh 16p. Ta hay tinh sy phan bd clia van tdc theo vi tri k€ tir tAim 6ng dén
thanh dng.

Hinh 5.7
Ta hdy xét mot thé tich chat luu hinh tru nim trong luu chit ban kinh r < R,

chiéu dai /; py, p» 12 4p suat § hai ddu 6ng. Luc tic dung vao luu chat :

2
(p1 — p2) mr (5.22)
Lucc tong hop nay ndm doc theo phuong ciia dong chdy.
Luyc ma st ndi, tdc dung 1é€n Iuu chit trong hinh tru theo (5.18) 1a :

27l (5.23)

dv
r

4

Theo diéu kién ciia ché do chdy dimg ta phdi c6 :
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(p1 — p2) mr’ = nl—2nr/l (5.24)

d_v
dr

Vi vdn téc gidm khi r tdng tix truc ong ra thanh 6ng do do :

dv dv . )
—|=——_.Tu(5.24)taco:
dr dr
dv
—— =(p1— par/2n{ (5.25)
dr
Hay dv =-(p; — pprdr/2n/ (5.26)
Tich phan (5.26) ta duoc :
v =-(p1 — p)r’2nf+C (5.27)
Hiing s6 C dudc x4c dinh bdi khir = R thi v = 0 v6i R 1a ban kinh cia 6ng.
C = (p;— po)R¥4n/ (5.28)
Phuong trinh (5.27) trd thanh :
2
1 — Pr T
v =u-R2(l——2 (5.29)
4n/ R
Vén toc cia luu chdt & truc ciia 6ng la :
Pi~Pzp2
vo=v(0) =1—2R (5.30)
4n/
Pua vo vao (5.29) ta thu dude phudng trinh phan bd van toc
2
r
v(r) =vo (1 ——) (5.31)
R

Ta thdy véi ché dp chdy thanh 16p van téc ciia dong chdy thay doi khi ting
khodng cdch tix truc ciia 6ng theo duong Parabol.

|
=d

Luu luong cua luu chit trong éng tru. Cong thic Poiseuille

Hinh 5.8

Xét trudng hgp ché& d@o chdy thanh 16p, ta hay tinh lugng Iuu chat di qua tiét
dién ctia 6ng trong mot don vi thoi gian, lugng luu chat d6 goi 1a luu ludng clia luu
chit Q . Gia st 6ng tru c6 bdn kinh R ta xét mot dién tich vi phan dS clia tiét dién,
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ti€t dién vi phan c¢6 dang mot hinh vanh khiin ban kinh nhd 12 r, ban kinh 16n r + dr
nhu hinh veé.

(2
Hinh 5.9

Dién tich vi phan dS = 27trdr
Van téc cia luu chdt tai vi tri r theo (5.31) la :
v(r) = vo(1-r*/R?)
Do d6 luu lugng dQ = vdS
dQ = vy(1- r*/RH)2nrdr (5.32)

Lutu luong ciia luu chdt :

R R I,2
Q= [dQ = | vo(1-—) 2nrdr
0 0 R

Q= %nszo = %SVO (5.33)

Tir phuong trinh (5.33) ta thdy van toc trung binh ciia luu chdt bang mot nita
van toc cuc dai ciia dong chdy tai tdm éng.
K&t hop (5.33) va (5.30) ta di dén cong thifc clia luu lugng chit luu.

Q = (p1 - p) TRY/8n/ (5.34)
Céng thiic nay goi la cong thitc Poiseuille. Theo cong thiic nay ta thdy luu
lugng ciua luu chdt trong éng ti 1é bdc bén vdi bdn kinh ciia ong; ti 1é nghich vdi
chiéu dai ciia 6ng va ti 1¢é nghich vdi hé sé nhdt ciia luu chdt. Can luu ¥ rdng cong
thitc nay chi diing khi luu chdt & ché dj chdy thanh I6p. Cong thiic (5.34) ding dé
xdc dinh hé s6 nhdét ciia mot luu chdt xdc dinh.

n = - Pz)WR4/8Q€ (5.35)

Trong dé cic dai lugng Q, /, R va dp suit p;, p, déu c6 thé x4c dinh bing thuc
nghiém.
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CHUONG VI CHUYEN PONG TUONG POI

6.1. Tinh bat bién cia vin téc 4nh sing

Trong mot thdi gian dai, cd hoc Newton hay c¢d hoc ¢6 dién da chi€ém moi
vi tri thong tri trong sy phat trién cta khoa hoc. Trén cd s ¢ hoc Newton dd hinh
thanh nhitng quan niém vé khong gian, thdi gian va vat chat. Theo nhitng quan
niém d6 thi khong gian, thdi gian va vat chat khong phu thudc chuyén dong, nghia
12 khodng thdi gian clia mot hién tugng xdy ra, kich thudc clia mot vat va khoi
lugng ctia né déu nhu nhau trong moi hé quy chi€u ding yén hay chuyén dong.

Nhung dén cudi thé ky 19 diu thé ky 20, khoa hoc va k§ thuat phat trién rat
manh, di c6 thé ti€p cin vé6i nhitng van toc ¢d van tdc 4nh sang. Khi d6 xut hién
st mau thuin véi cdc quan di€m cda co hoc Newton, cu thé 13: khong gian, thdi
gian, khdi lugng déu phu thudc vao chuyén dong. Nhitng khé khin dé cd hoc
Newton khong gidi quyét dugc. Tir d6 rit ra két luan 1a: Cd hoc Newton chi dp
dung dudc cho nhitng vat chuyén dong vdi van tdc nho so vdi van tdc 4nh siang (v
<< C).

Nhu viy, can phai xay dung modt mon cd hoc tdng quit hon dp dung dudc
cho tit cd vt chuyén dong véi van toc v vao ¢d ¢ va coi cdc trudng hop cic vat
chuyén ddng vdi van toc v << ¢ nhu mot trudng hdp gisi han. Pé 13 mon co hoc
twong doi tinh hay con goi 1a thuyét tuong doi hep Einstein.

Cic tién dé Einstein:

Pé€ x4y dyng nén thuyét tuong d6i, nim 1905 Einstein di dwa ra hai nguyén

ly sau:

6.1.1 Nguyén Iy tueng doi

Moi dinh luat vat Iy déu nhu nhau trong cdc hé quy chi€u qudn tinh.

6.1.2 Nguyén Iy vé su bat bién ctia van téc dnh sdng

Van tdc 4nh siang trong chin khong déu bing nhau d6i v6i moi hé qudn
tinh. N6 ¢6 gid tri ¢ ~ 3.10°m/s va 1a gid tri van toc 16n nhAt trong ty nhién.

0] day cAn phan biét véi nguyén li tuong ddi Galilé trong co hoc cd dién.
Theo nguyén 1i nay chi cdc dinh lut co hoc 1a bat bi€n khi chuyén tir hé quy chi€u
qudn tinh nay sang hé quy chi€u quén tinh khic. Piéu d6 c¢6 nghia 1a phuong trinh
md td mot dinh lut co hoc nio d6, biéu dién qua toa dd va thdi gian sé& giif nguyén
dang trong tit c4 cdc hé quy chi€u quén tinh. Nhu vay, nguyén li tuong d6i Einstein
da md rong nguyén li tuong doi Galilé tir cdc hoat dong c¢d hoc sang cdc hoat dong
vat 1y néi chung.
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Trong cd hoc ¢ dién Newton, tuong tic dugc mo td dua vao thé ning
tudng tic. D6 1a mot ham cida toa dd nhitng hat tuong tac, tir d6 suy ra céc lyc tuong
tdc gitta mot chit di€ém nao d6 véi cac chat diém con lai, tai mot thdi diém chi phu
thudc vao vi tri clia cdc chat di€m tai cing mot thdi diém d6. Su thay d6i vi tri cla
mot chit diém nao d6 trong hé chit diém, tuong tic s& dnh hudng ngay tic thdi dén
cic diém khéc tai cung thdi di€ém. Nhu vay tuong tdc truyén di tic thdi, hay néi
céch khdc van toc truyén tuong tic 1a vo han.

Tuy nhién, thuc nghiém da ching td, trong tv nhién khong ton tai nhitng
tuong tic tic thdi. Néu tai mot chit diém nao d6 clia hé c6 xay ra mot sy thay ddi
nio dé, thi sy thay ddi nay chi 4nh hudng d€n mot chat di€m khac sau mot khodng
thdi gian At # 0 nao d6. Nhu vay van tdc truyén tuong tdc 12 hitu han. Theo thuyét
tuwong ddi clia Einstein van toc truyén tuong tic 12 nhu nhau trong tit cd cdc hé quy
chi€u qudn tinh. N6 12 mot hiing s& phd bién. Thuc nghiém chitng té van téc khong
ddi nay 12 cuc dai va bing van tdc 4nh sing truyén trong chin khong (c =
3.10°m/s). Trong thuc t& hang ngdy, ta thudng gip cdc van toc rt nhd so véi van
toc d4nh sing (v << ¢). Do d6, trong cd hoc cd dién ta ¢ thé coi van tdc truyén
tuong tdc 1a vd han ma van thu dugc nhitng két qud dd chinh xdc. Nhu vy, vé mit
hinh thic c6 thé chuyén tir thuyét tuong d6i Einstein sang c¢d hoc ¢ dién bing cich
cho ¢ — oo trong cic cdng thifc ¢d hoc twong ddi tinh.

6.2. Pong hoc tueng d6i tinh — phép bién d6i Lorentz

6.2.1 Su mAu thuin ctia phép bi€n d6i Galilé vGi thuyét twong doi Einstein

Theo phép bién ddi Galilé, thdi gian dién bi€n clia mot qud trinh vat 1y
trong cdc hé quy chi€u qudn tinh K va K’ déu nhu nhau:
t=t
KHOANG CACH GIUA HAI PIEM 1 VA 2 NAO PO TRONG CAC HE K VA
K’ DEEU NHU NHAU:
Al=Xy— X1 =X"r— X
(CAC PAI LUGNG CO DAU PHAY PiU PUGC XET TRONG HE: K>).

Van tdc tuyét doi cia chit diém bing tdng vectd cic van tdc tuong ddi v’

va van téc V cda hé qudn tinh K’ d6i v6i hé K:
v=v'+V 6.1)

TAt c4 nhitng két qui d6 déu ding vdi cdc chuyén dong chim (v<<
¢) nhung chiing mau thuin vdi cic tién dé cla thuyét tuong ddi Einstein.

Thuc vay, theo thuyét tuong d6i thdi gian khong cé tinh chat tuyét doi,
khodng thoi gian dién bién ctia mot qud trinh vat 1y phu thudc vao hé quy chi€u.
Dic biét hién tugng x4y ra dong thdi trong hé quén tinh nay sé& khong x4y ra dong
thdi ¢ hé quan tinh khac. P& minh hoa ta xét vi du sau:
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Gia st ¢6 hai hé qudn tinh K va K’ véi cdc truc toa do tuong tng (x,y,z) va
(x’,y’,z’) hé K’ chuyén dong thing déu vdi van téc V so v6i hé K theo phuong x:

4

y y

b

Z Z

T mot di€m A bat ky, trén truc x’ ¢6 dit mot béng deén phét tin hiéu sing
theo hai phia ngudc nhau ciia truc x. Pdi v6i hé K’ béng dén 1a ding yén vi né ¢
cting chuyén dong véi K. Do véan toc tin hiéu sdng truyén theo moi phudng déu
bing c, nén § trong hé K céc tin hiéu sing s& dén cic di€m B va C & cich déu A
cting mot lic. Nhung céc tin hiéu sdng s& dén B va C sé& xdy ra khong dong thdi &
trong hé K. Thuc vay, theo nguyén li tuong d6i Einstein van toc cla tin hiéu sdng
trong hé K’ vin bing c; nhung vi d6i véi hé K, chuyén dong gip tin hiéu sing gti
tif A d&€n B con diém C chuyén dong ra xa tir tin hiéu gt tir A dé€n C. Do d6 & trong
hé K tin hiéu sing sé& t6i di€m B sém hon.

Pinh luat cdng van toc (6.1) hé qua cta nguyén li twong d6i Galilé ciing
khong 4p dung dugc & day. Thuc vay, theo nguyén i nay van tdc truyén 4nh sdng
theo chiéu duong ctia truc x sé& 12 ¢ + v va theo chiéu 4m cda truc x sé& 1a ¢ — v diéu
d6 mau thuin vdéi thuy€t tuong doi Einstein.

6.2.2. Phép bién ddi Lorentz

QUA TREN TA NHAN \THA’Y, PHEP BIEN POI GALILE KHONG THOA
MAN CAC YRU CAU CUA THUYET TUGNG POL PHEP BIEN DPOI
CAC TOA PO KHONG GIAN VA THOI GIAN KHI CHUYEN TU HE
QUAN TiNH NAY SANG HE QUAN TiNH KHAC, THOA MAN CAC
YEU CAU THUYET TUONG POI EINSTEIN, DO LORENTZ TiM RA
PUGC MANG TEN ONG.

Xét hai hé quy chi€u quan tinh K va K’ néi trén. Gid sit ban dau O va O’

trung nhau. H¢ K’ chuyén dong so v6i K véi van tdc V theo phuong x. Goi (x, y, z,

t) va (x’,y’, z’, t") la cdc toa do khong gian va thdi gian 1an lugt xét trong cdc hé K

va K’. Vi theo thuyét tuong d6i thdi gian khong c6 tinh chat tuyét doi, trdi lai phu

thudc vao hé quy chi€u nén thdi gian troi di trong hai hé 13 khédc nhau.
t=t
Gia st toa do x’ lién hé vdi x va t theo phuong trinh.
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x =1 (x,t) (6.2)

PE TIM DANG CUA PHUGNG TRINH F(X,T) CHUNG TA VIET PHUONG
TRINH CHUYEN PONG CUA CAC GOC TOA PO O VA 0’ TRONG HAI
HE K VA K’. POI VOI HEE K, GOC 0’ CHUYEN PONG VOI VAN TOC V
TA CO:

Xx—Vt=0 (6.3)
Trong dé x 12 toa d6 clia O’ xét v6i hé K. Con doi v6i hé K’ goc O’ 1a diing
yén. Toa do x’ ctia né trong hé K’ bao gid ciing bing khong. Ta ¢
x =0
MUON CHO PHUONG TRINH (6.2) AP DUNG PUNG CHO HE K’, NGHIA
LA KHI THAY X’= 0 VAO (6.2) TA PHAI THU PUQC (6.3), THI F(X,T)
CHi CO THE KHAC (X - VT) MOT SO NHAN o NAO PO.
x'=ao (x - Vi) (6.4)
Dé&i véi hé K’ gée O chuyén dong véi van tdc —V. nhung déi véi hé K gde
O ding yén 1ap ludn tuong ty nhu trén ta co.
v=pB (" + Vt) (6.5)
TRONG PO B LA HE SO NHAN.,
Theo tién dé tht nhat cda Einstein, moi hé qudn tinh déu tuong duong
nhau, nghia 13 tif (6.4) ta c6 thé suy ra (6.5) vd ngudc lai bing cich thay thé€ V-
V,x <X, t < t.Tadédang ritra: o = .
Theo tién dé thit hai, ta c6 trong hé K va K’:

Néu x = ct thi X’ = ct’, thay vao (6.4) va (6.5) ta thu dugc:

1
o= (6.6)
Nhu vay ta co:
x'+Vt'
X , =
V2
==
C
' V '
t— t-l-i2
' — C
t'= = >
\Y
- -
C C
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vi K’ CHUYEN PONG DOC THEO X NEN Y = Y’, Z = Z’. TOM LAI, TA

THU PUGC CONG THUC BIEN POI LORENTZ:

y =Y
7' =7z
t—Xx
t': C2
2
Y
C

x'+Vt'

C4c phép bién ddi (6.7), (6.8) dugc goi 1a phép bi€n doi Lorentz.
Qua do ta thdy dugc mdi lién hé mat thiét giita khong gian va thdi gian.

T cdc két qua trén ta nhan thiy ring khi c— « hay khi V.50 thi cac cong
c

thic trén tré thanh:

9

-Vt

b

9

X
y
zZ

N < X
Il

=t

-
\.

X=X + Vt
y=y’
72=7
t=t’
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Nghia 12 chuyén v€ cdc cong thifc cia phép bién ddi Galilé. Piéu kién
c— oo tuong Gng vdi quan niém tuong tic tic thdi, di€u kién thit hai V/c— 0 tuong
ing vé6i su gan ding cd dién.

Khi V >c trong cdc cong thifc trén cic toa dd x, t tré nén 4o, diéu d6 ching
té khong thé c6 cic chuyén dong vdi van toc 16n hon van tdc cla anh sidng. Khong
thé diing hé quy chi€u chuyén dong vé6i véan toc bing van toc 4nh sdng. Vi khi d6
mau sO trong cdc cong thic (6.7), (6.8) s& bing khong.

6.2.3. Cic hé qua cta phép bién ddi Lorentz

a/ Khdi nié¢m vé tinh dong thoi va quan hé nhan qud

Gia st ring trong hé qudn tinh K ¢6 hai hién tugng (bi€n cd) hién tugng
Ai(x1y1z1t;) va hién tugng Ax(X,y220tp) Vi X # X, ching ta hday tim khoang thdi gian
t, — t; giifa hai hién tudng d6 trong hé K’ chuyén dong vdi van téc V doc theo truc
x. Tir c4c cong thiic bién ddi Lorentz ta dudc.

t,—t,——

(6.9)

Tir d6 suy ra ring cdc hién tugng x4y ra dong thdi trong hé K (t; = t,) thi s&
khong dong thdi § hé K’ va t,” — t;’# 0. Chi c6 mot trudng hop ngoai 1é 1a khi ¢ hai
bién c¢d x4y ra dong thdi tai nhitng di€m c6 ciing gid tri x (toa d0 y c6 thé khac
nhau).

Nhu vay khdi niém dong thdi chi 12 mot khai niém twong doi, hai bién cd ¢6
thé ddng thdi trong mot hé quy chi€u ndy néi chung c6 thé khdng ddng thdi trong
mdt hé quy chi€u kh4c.

Cong thic (6.9) ciing chitng td ring ddi véi cdc bién cd dong thdi trong heé,
ddu cla t,” — t,” dugc x4c dinh bdi diu cia biu thie (x, — x;)V. Do d6 trong cdc hé
qudn tinh khdac nhau ( véi cdc gid tri khac nhau ctia V), hiéu t,” — t;” khong nhiing
khac nhau vé d6 16n ma con khdc nhau vé dau. Pi€u d6 c6 nghia 1a thit ty cdc bién
c6 A, va A, c6 thé batky (A, c6 thé x4y ra trudc A, hay ngudc lai).

Tuy nhién diéu vira trinh bay khong dudc xét cho cdc bién ¢ c6 lién hé
nhan qud v6i nhau. Lién hé nhan qua 12 mot méi lién hé gitta nguyén nhan va két
qua. Nguyén nhin bao gid ciling x4y ra trudc két qud, quyét dinh sy ra doi clia két
qua. Thi du vién dan dudc bdn ra (nguyén nhin), vién dan tring dich (k&t quad).
Thit tu cdc bién c6 c6 quan hé nhan qud bao gid ciing dugc ddm bdo trong moi hé
quén tinh. Nguyén nhan x4y ra trudc, két qua x4y ra sau. Ta xét chi tiét hon vi du
vira néu. Goi A; (x;;t;) 12 bi€n cd vién dan dudc bin ra va Ay(X,;t,) 12 bi€n cd vién
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dan triing dich. Coi hai bi€n c& déu xay ra & truc x. Trong hé K, t, > t; goi v 1a van
tdc vién dan va gid st x,>x, ta co:

X =Vt , X, =Vh
THAY BIEU THUC NAY VAO (6.9) TA PUQC.

Vv
(t, - t1)|:1 - 02}

2
-
C

Ta ludn ludn ¢ v < ¢, do d6 néu t, > t; thi ciing ¢6 t,” > t;” nghia 13 trong ca
hai hé K va K’ bao gi¢ bién c6 vién dan triing dich cling xdy ra sau bién c6 vién
dan dugc bin ra. Tht ty nhan qud bao gid cling dudc ton trong.

t,—t; =

b/ Su co ngdn Lorentz

Bay gid ta dua vao cdc cong thic (6.7) hoic (6.8) d€ so sanh dd dai cda
mot vat va khodng thdi gian cia mot qua trinh trong hai hé K va K’.

Gia st c6 mot thanh ding yén trong hé K’ dit doc theo truc x’, d6 dai cda
né trong hé K’ bing:

lo=X" — X1’

Goi /12 do dai cla thanh trong hé K. Mudn vAy ta phai xdc dinh vi tri cdc
ddu mut cta thanh trong hé K tai ciing thdi diém. Tir phép bi€n ddi Lorentz ta viét
dudgc:

' Xy — 7t2
_ et .
X2 - 2 b
\"
I=-
C
Trir hai ddng thifc trén v€ theo V€, chid ¥ ring t, = t, ta dudc:
X X
X, =X, = ———et
V2
I-—
C
SUY RA:
V2
/=1 l—c—2 (6.10)

VAY: “PO DAI (DOC THEO PHUONG CHUYEN PONG) CUA THANH
TRONG HE QUY CHIEU MA THANH CHUYEN PONG NGAN HON b0
DAI THANH G TRONG HEE MA THANH PUNG YEN”,
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No61 mot cach khac, khi vat chuyén dong, kich thudc cia nd bi co ngén lai
theo phuong chuyén dong.

THi DU QUA PAT CHUYEN PONG QUANH MAT TROI VOI VAN TOC
KHOANG V=30KM/S, PUONG KINH CUA NO (SAP Xi KHOANG
12.700KM) CHI CO NGAN 6,5CM. NHUNG NEU MOT VAT CO VAN
TOC V=260000KM/S THI:

Khi d6 /°=0,51,, kich thudc ctia vat s& co ngin di mot nia. N&u quan sét
mot vat hinh hop vudng chuyén dong véi van tdc V 16n, ta s& thdy né c6 dang mot
hinh hop chit nhat, mot khdi ciu chuyén dong nhanh nhu vay ta sé& thdy n6 c6 dang
mot elipsoide tron xoay. Nhu vy kich thuGc ctia vat s€ khac nhau tiy thudc vao
chd ta quan st n6 trong hé ding yén hay chuyén dong. Khong gian cé tinh chat
tuong d6i, phu thudc vio chuyén dong.

Ciing tlr cdc cong thifc phép bi€n ddi Lorentz, chiing ta tim dudc khodng
thdi gian clia mdt qud trinh trong hai hé K va K’. Gid sit ¢6 mot dong hd ding yén
trong hé K’. Ta xét hai bi€n c¢d xdy ra tai cing mot diém A c6 céc toa dd (x’, y’,
z’) trong hé K’. Khodng thdi gian giita hai bién ¢d trén trong K’ bing At = t,—t, .
Bay gid chiing ta tim khodng thdi gian giita hai bi€n ¢& cung trén hé K.

Hay At = At (6.11)

KET QUA PO PUGC PHAT BIEU NHU SAU: “ KHOANG THOI GIAN AT’
CUA MOT QUA TRINH TRONG HE k> CHUYEN PONG BAO GIO CUNG
NHO HON KHOANG THOI GIAN AT XAY RA CUNG OUA TRINH PO
TRONG HE k PUNG YEN”. NEU TRONG HE k> CHUYEN PONG CO
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GAN MOT PONG HO VA TRONG HE k CONG CO GAN MOT PONG
HO THI KHOANG THOI GIAN CUA CUNG MOT QUA TRINH XAY RA
DPUQC GHI TREN PONG HO CUA HE k’ SE NHO HON KHOANG THOI
GIAN GHI TREN PONG HO CUA HE k. TA CO THI?i’ NOI “PONG HO
CHUYEN PONG CHAY CHAM HON PONG HO PUNG YEN”. NHU
VAY KHOANG THOI GIAN BE XAY RA MOT QUA TRINH SE KHAC
NHAU TUY THUQC VAO CHO TA QUAN SAT QUA TRINH PO TRONG
HE PUNG YEN HAY CHUYEN PONG.

Néu V = 260.000km/s thi At’ =At/2 khodng thdi gian d€ x4dy ra mot qua
trinh néu tinh trong hé con tau dang chuyén dong 1a 5 nim, thi trong hé quy chi€u
gin lién vdéi mit dit 12 10 nim. Pic biét né€u nha du hanh vii try ngdi trén con tau
chuyén dong véi van tdc rat gan vdi van toc dnh sidng V=299.960km/s khi d6

1—(\:/—2 ~ 10 trong mudi nim d€ dé&n hanh tinh rat xa thi trén Trai dat da 1.000
nim troi qua va néu nha du hanh quay tré vé dén Trdi dat, thi ngudi dé méi gia
thém 20 tudi nhung trén Trai dat dd 2.000 nim trdi qua.

¢/ Pinh ly téng hop vin toc

Gia st u 12 van téc cia mot chat diém d6i véi hé O.

u’ 14 van tdc clia chat diém dé d6i v6i hé O’. Ta hiy tim dinh 1y tdng hop
van toc lién hé gitta u va u’.

Tu (6.7) ta co:

(6.12)

(6.13)

Poan Trong Thi Khoa Ogt Ly



Co hoe .87 -

Cac cong thuc (6.12) va (6.13) chinh 1a cdc cong thitc bi€u dién dinh ly
tong hgp van toc trong thuyét tuong ddi. T cdc cong thiic nay ta c6 thé suy ra tinh
bat bi€n cda van toc 4nh sdng trong chan khong doi v6i hé quén tinh. Thyc vay néu
u, = c thi tir (6-12) ta tim dudc.

y4 yA u’ u' :ﬂzc
%@’ u i \
, 1—72C
el LN c
o—»
x’ g
O X

Ta hdy tim cdng thic cho biét sy thay ddi huéng van tdc khi chuyén tir hé
nay sang hé khac. Ta hiy chon céc truc toa dd sao cho lic dang xét van toc clia
chat di€m nim trong mit phing xy. Theo hinh vé ta c6.

u, = ucosf u,” =u’cosd’
uy, = uSino u,” =u’sin0’
TU (6.12) VA (6.13) TA RUT RA CAC BIEU THUC.

2

VR o 1= Sing
u',[I=—5-Sinb _ c?
C . sin0 = (6.14)

u'Cos6+V , u(1+\;u'.C089')
Cc

tgd =

CAC CONG THUC NAY CHO BI;?:'T SU THAY POI HUONG CUA VAN TOC
KHI CHUYEN HE QUY CHIEU.

6.2.3 Pong luc hoc tuong ddi tinh

a/ Phuong trinh co ban ciia chuyén dong chat diém:

THEO THUYET TUONG POI, PHUONG TRINH BIEU DIEN PINH LUAT
NEWTON HAI:

—

\"% ° ” 2 ~ P A [ 4 A g P2 R
F= ma khong thé mo ta chuyén ddng cua chat di€m véi van toc 16n. b€

md td chuyén dong, cin phdi c6 phuong trinh khic tdng qudt hon. Theo thuyét
twong doi, phuong trinh d6 c6 dang:

- d .
F=—(mv
dt( ) (6.15)

TRONG PO M LA KHOI LUONG CUA CHAT PIEM:
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2 (6.16)

m 13 khdi lugng chit di€m dé trong hé ma né chuyén dong véi van toc V
dugc goi 12 khdi lugng tuong ddi; my1a khoi lugng ciing cla chit diém d6 trong hé
ma né du’ng yén (V =0) dugc goi la kh01 lugng nghl
TA THAY RANG THEO THUYET TUONG pOI, KHOI LUONG CUA MOT
VAT KHONG CON LA HANG SO NUA, NO TANG KHI VAT CHUYEN
DONG; GIA TRI NHO NHAT KHI NO PUNG YEN. CONG CO THE NOI
RANG: KHOI LUONG CO TINH TUONG POI; NO PHU THUQC HE
QUY CHIEU.

PHUGNG TRINH (6.15) BAT BIEN VGI PHEP BIEN POI LORENTZ VA
TRONG TRUONG HOP V<< C NO TRG THANH PHUGNG TRINH BIEU
DIEN DPINH LUAT THU HAI CUA NEWTON.

b/ Dong luong va ndang lugng.
Theo (6.16) dong lugng ctia mot vat bing:

P=m

<!

(6.17)

Khi V<<c ta thu dugc phuong trinh ¢ dién f) =my V. Nhu vdy phuong trinh
cd ban (6.15) c6 thé viét:
- dp
E= ap
dt

TA HAY TINH NANG LUGNG CUA VAT. THEO PINH LUAT BAO TOAN
NANG LUONG, PO TANG NANG LUONG CUA VAT BANG CONG CUA
NGOAI LUC TAC DUNG LEN VAT :

dW =dA
Dé& don gian, ta sit dung F cling phuong véi chuyén doi ds .
dW =dA = F dS =Fds
THEO (6.15) TA CO:
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dw =
| my dv m,v° dv
dw = = + ] . @ ds
-0 ca-
i C ¢ i
dv ds
—ds=dv— =vdv
Nhung dt dt
DO PO: i i
m,vdv v? m,vdv
dw=" v? t 2 v’ ) (:/2 3/2
l—Cz_ C (l—cz)_ (1—C2)
Mit khac (6.16) ta co:
m,vdv
dm = 0

2
2 V (372
C (1——2)
C

SO SANH HAI BIEU THUC TREN TA RUT RA:
dW = ¢*dm
Hay W = IIlC2 + C
Trong d6 C 12 mdt hiing s6 tich phan. Do diéu kién m = 0 thi W = 0 ta rit ra
C=0. Vay: W = mc? (6.18)
H¢ thic nay thuong goi 1a hé thic Einstein.

¢/ Cdc hé qud

e Tu hé thic Einstein ta tim dugc ndng lugng nghi cia vat. Nghia 1a niang lugng
ldc vat ding yén (m = my):
W = moc2
Lic vat chuyén dong, vat c6 thém dong ning E,.
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Ex = mc” — m002 = moc2 2 (6.19)

BIEKU THUC NAY KHAC VOI Blﬁi’q THUC PONG NANG CUA VAT
THUONG GAP TRONG CO HOC CO PIEN. KHI V << C:

2
! gf’l‘l‘v—z
1_ﬁ 2c
C2
DO PO:
v? m,v>

E, #rm,c’(l+—5-1)~ 2
) 0 2¢? 2

Ta lai tim dugc bi€u thic dong ndng trong cd hoc c6 dién.

e Binh phuong biéu thic (6.18) ta dudc :
2 2
A W Y
m’,ct = Wd —C—z) =W- =

Thay W = mc” vao biéu thitc trén, va chiy P =MV ta c6:
2 2 4 2.2
W =myc +pc (6.20)
D6 1a biéu thifc lién hé gifta ning lugng va dong lugng clia vat.

e Ta hiay @ng dung cic két qua trén vao hién tudng phin ri hat nhin:

Gia st mot hat nhan phan rd thanh hai hat nhian thanh phﬁn. Theo dinh luat
bdo toan ning lugng ta co:

W=W,+W,

V6i W 1a ndng lugng ctiia hat nhan truée khi phan rd. W; va W, 1a ning
lugng clia hai hat thanh phan.

Thay (6.18) vao bi€u thic trén ta s& dugc:
2
2 m,c mzcz
mc = +

\/ _ﬁ \/1_\,; (6.21)
02 C2
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Trong d6, ta @ xem hat nhan nhu khong chuyén dong trudc khi phan ri,
con m;, m,, m 12 khoi lugng nghi cta cic hat, vi:

2 2
& > m C2 % > m C2
2 ™ va 2 27 néntir(6.21) ta ratra:
- -2
2 T2
C C
m > m;+m,

Nghia 14 khdi lugng ciia hat nhan trudc khi phan rd 16n hon téng khdi lugng
clia cdc hat nhan thanh phan.

Theo cong thic Einstein phan ning lugng tng véi do hut clia khdi lugng
nay bing:

W = (m - (m; + mp))c? = Amc®
Phan ning lugng nay thudng dudc tda ra dusi dang nhiét va bifc xa.

kY nghia triét hoc ciia hé thiic Einstein:

Nhu ching ta d3 biét, vat chit ton tai khdch quan, khéi lugng va ning
lugng chi 1a hai dai lugng vat Iy dic trung cho qudn tinh va mic d6 vin ddng cla
vat chat. Khong cé gi chiing té vat chat mat di ma tinh chit clia né van ton tai. Do
d6, diéu khing dinh vat chit bién thanh ning lugng 13 vo cin ct. Hé thic Einstein
khong phai ndi lién vat chat véi ning lugng ma ndi lién hai tinh chat cda vat chat:
qudn tinh va miic dé van dong. Hé thic cho ta thiy rd, trong di€u kién nhat dinh,
mot vat c6 khoi lugng nhat dinh thi ciing ¢6 ning lugng nhit dinh tuong tng véi
khoi lugng d6.

Thuyét tuong dodi hep cia Einstein dd dua khoa hoc vat ly tién thém mot
budc mdi. Vé sau, nim 1915 Einstein da phat tri€n sdu thém mot budc nita cla
thuy€t tuong doi va dua ra thuyét twong doi rong. Thuyét tuong doi rong dp dung
cho cdc hé qui chi€u chuyén dong cé gia toc, gidp ta nghién ciu trudng hip din.
Thuyét twong ddi rong gidp ta hi€u bi€t mot cdch siu sic hon sy lién hé giita khong
gian va thoi gian vdi vat cht trong trudng hap dan giy ra bdi mot vat c6 khdi lugng
16n, khong gian “bi cong” di. C4c vat chuyén dong theo quén tinh trong khong gian
nay khong con chuyén dong thing nita ma chuyén dong theo dudng cong. Thai
gian & noi trudng hap din manh thi tréi chAm hon so véi thdi gian & noi trudng hap
din y€u. Nhd c6 thuyét twong ddi rong, trong thién vin ngudi ta gidi thich dudc
nhiéu sy kién quan trong trong vil tru.
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6.3 Luc quan tinh

6.3.1- Khong gian va thdi gian trong hé quy chi€u khong quan tinh

Hé quy chi€u khong qudn tinh 13 hé quy chi€u chuyén dong cé gia téc so
v6i hé quy chi€u quén tinh. Cdc dang don gidn nhat clia hé quy chi€u khong quén
12 hé quy chi€u chuyén dong thang c6 gia tdc va hé quy chiéu chuyén dong quay.

P& md ta cdc dinh luit co hoc trong hé quy chi€u khdng qudn tinh, ching ta
phai lam rd cdc tinh chat khong gian va thdi gian trong hé nay. Khong gian va thdi
gian trong hé quy chi€u quén tinh 13 ddng nhat, don vi thdi gian va don vi do dai 1a
bing nhau & khip moi ndi. Con & trong hé quy chi€u khong quan tinh, van dé lai
khdc hin. Theo thuyét tuong ddi, khodng thdi gian va d6 dai cda vat thé phu thudc
vio toc dd chuyén dong nén don vi thdi gian va don do dai trong hé quy chiéu
khong qudn tinh néi chung phu thudc vao toa dd va thdi gian (vi du trong hé quy
chi€u quay cdc don vi nay phu thudc vio khodng cich tir diém quan sit dé€n tim
quay). Ta goi khong gian va thdi gian trong hé quy chi€u khong quén tinh 1a khong
dong nhit vi vdy van dé do ludng thdi gian va khong gian trong hé quy chiéu
khong quén tinh gip phai nhitng khé khin vé mit nguyén tic.

Pé€ khic phuc trinh trang nay, ngudi ta chi tién hanh do ludng cic dai lugng
vat Iy néi chung va do ludng khong gian va thdi gian néi riéng tai tiing mién vo
cting nhé ctia hé quy chi€u khong quin tinh va sau d6 phat trién chiing sang cic
mién hitu han. Cach nay phdi sit dung dén cic cdng cu todn hoc phifc tap ma & day
ching ta s& khong xét dén. C4ch thit hai 1a gia thuy€t toc do va gia toc cia hé quy
chi€u khong qudn tinh dd nhd sao cho ta c6 thé bd qua cdc hiéu dng cda thuyét
twong doi. Cach nay cho phép ta dé dang mo td cac dinh luit cd hoc, nhung phai
md rong khdi niém vé lyc, bén canh luc tuong tdc giita cdc vat thé chiing ta phai
dua thém vao luc quan tinh do chuyén dong cé gia toc clia hé gy ra.

6.3.2- Luc quan tinh

G TRONG Hit QUY CHIEU QUAN TINH, NGUYEN NHAN DUY NHAT PE
VAT THE CHUYEN PONG CO GIA TOC LA DO VAT THE KHAC TAC
PONG LEN NO MOT LUC NAO PO. NHU VAY GIA TOC VA LUC LA
KET QUA CUA SU TUONG TAC GIUA CAC VAT THE.

0 trong cic hé khong qudn tinh, cdc vat thé c6 thé nhan dudec mot gia toc
nao d6 ma khong can chiu tic dung ctia mdt luc nao cd, vi du d6i véi mot toa tau
bit diu chuyén dong thi tit ci cdc vat thé trong vii tru déu nhin dugc mot gia toc
tuong ng so véi con tau. R rang 1a & diy khong c6 mot vat cu thé nao tic dong
1én cdc vat trong vii tru d6 ci. Nhu vy gia tdc ma cdc vat thé nhan dudc & trong hé
quy chi€u khong quédn tinh khi ching khong bi tdic dong bdi mot vat nao khic thi
chi dugc xac dinh bdi chinh tinh chat ctia hé quy chi€u. Gia tdc nay dng v6i mot luc
dac biét goi la lvc quén tinh.
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Nhu vy trong cdc hé quy chi€u khong quén tinh dinh lut thd nhat va thi
ba ctia Newton khong con thich hgp nita. Pinh luit thit hai c¢6 thé phat biéu nhu
sau:

ma'=F+F, (6.22)
Nghia 1 gia t6c ctia vat thé trong hé quy chi€u khéng quén tinh a' dudgc
xdc dinh béi luc tuong tac F' va luc quan tinh Fq .

Khi lyc qudn tinh bing khong, hé trd thanh qudn tinh, thi gia toc cta vat thé
chi chiu tdc dung cida lyc tuong tac:

ma =F (6.23)
Tu céc cong thuce (5.78) va (5.79) ta suy ra biéu thitc cta luc quan tinh:
Fq =m(a'-a) (6.24)

6.3.3- Luc quan tinh trong hé quy chi€u chuyén déng thing cé gia téc

GOI K LA HE QUY CHIEU QUAN TINH, K’ LA HE CHUYEN PONG CO
GIA TOC DOC THEO TRUC X CUA HE K (HINH 6.3) THEO PHEP
BIEN POI GALILEO:

Y
A
A Y’
0’ X . X
0 X, X g X
HINH 6.3

X = Xg +X’
y=y’
z2=7 (6.25)

t=t
Trong d6 X, y, z va t 1a toa do va thdi gian clia mot chit diém trong hé K,
con xg 1 toa d6 clia di€m goc O’ trong hé K. LAy dao ham (6.25) theo thdi gian ta
dudc:

V=vyp+V (6.25")
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Trong dé6 cédc dai lugng :

dx . _dxg _dx

V=—o ; Vg = =—
dt dt
TUONG UNG PUGC GOI LA VAN TOC TUYET POL VAN TOC KEO THEO
VA VAN TOC TUONG POL DE DANG NHAN THAY RANG TOC PO
TUYRT POI LA TOC PO CUA CHAT PIEM POI VOI HE QUAN TiNH K,
TOC PO TUGNG POI LA TOC PO CUNG CUA CHAT PIEM POI VOI HE
KHONG QUAN TiNH K’, CON TOC PO KEO THEO LA TOC PO CUA HE
K’ POI VOI HE K.
Tiép tuc 14y dao ham (6.25) theo thdi gian ta dudc:

1

; v

a=ap+a (6.26)
Trong dé cédc dai lugng :
dv dv, . dv'
a4 =— ; aO - ; [
dt dt dt

tuong ng dudc goi la gia téc tuyét doi, gia tdc kéo theo va gia tdc tuong d6i. Thay
(6.26) vao (6.24) ta dudc:

Hay la duéi dang vécto:
Fq =-ma (6.27)

Tic 12 luc quén tinh huéng nguée chiéu véi gia toc kéo theo clia hé quy
chi€u khdng quén tinh.

Sau day ching ta xét mot vai vi du minh hoa luc quén tinh nay.

Mot toa tau chuyén dong thing nhanh dian déu vdi gia toc a, doi véi Trdi
dat, Trdi dat tam thdi dudc xem 1a mot hé quy chi€u quén tinh, toa thu 1a mot hé
quy chi€u khong quén tinh.

Hinh 6.4
Gid st ban dau toa tau diing yén, moi ngudi cling diing yén trén toa tau, lic
d6 toa tau chuyén dong nhanh din, moi ngudi phdi bam chic vao toa tau dé dudc
ding yén ddi vdi toa tau, néu khong thi bi day 1bi nguge huéng véi chiéu chuyén
dong nhanh dan cla toa thu. That vay, khi toa tau 12 mot hé quy chi€u khong quin
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tinh, mdi ngudi déu chiu tdc dung cda mot Iyc quan tinh Fq = —mﬁo, trong d6 m
12 khéi lugng cda ngudi. Chinh luc quan tinh ddy ngudi lui nguge huéng gia toc.
Khi ngudi bim chic vao toa tau, toa tau tic dung 1én ngudi mot luc that F sao cho
F + Fq = () khi d6 theo (6.21) gia tdc ctia ngudi ddi vdi toa tau ag= 0 va ngudi
ditng yén doi véi toa tau.

Mot vat ning khoi lugng m, treo & diu mot sgi ddy mdc trén tran toa tau.
Lic toa tau chuyén dong c6 gia téc a, vi tri cin bing cla sdi day treo vat Iéch mot
géc a. so vdi phuong thing ding trong toa tau (hinh 6.4).

Db6i v6i hé quy chi€u khong qudn tinh 12 toa tau, vt ning chiu tic dung cua

3 lyc: trong luc f) cta vat, luc cing N cta sgi day va luc quén tinh l_j , vat § thé
can bing khi tong hdp clia ba luc nay biing khong P+N+ Fq = 0 ldc ay:

Fy 4
F, =Ptga oL = arctg — = -arctg— (6.28)
P g

Gia toc cla toa tau ay cang I6n, mudn gitt duge th€ cin bing gbéc a. cang
phai 16n, nghia 14 dy treo vat cang bi 1éch khdi phuong thing ding.

Xét mot vat khdi lugng m dit & ddu mot 10 xo nim doc theo phuong chuyén
dong. Khi 10 xo dan mot doan Ax, 10 xo tic ddng vao vat mot luc F=kAx & day k 1a
hé s6 dan hdi ctia 10 xo (hinh 6.4):

Khi toa tau chuyén dong véi gia tdc ag, 10 xo din ra mot doan Ax. Bay gid
vt ning & trang thdi can bing vi chiu tic dung cla hai lvc: Ivc dan héi F va luc
quin tinh F khidé F+F = 0 va:

ma,

AX = (6.29)
k

Do din clia 10 xo ti 1& véi gia tdc cla con tau. Dya theo nguyén tic trén
ngudi ta da ché tao mot ki€u mdy do gia toc.

6.3.4- Luc quin tinh trong hé quy chi€u chuyén dong quay:

GOI K LA HE QUY CHIEU QUAN TiNH (HE PUNG YEN) VA K’ LA HE
QUY CHIEU CHUYEN PONG QUAY QUANH TRUC OZ CUA HE K
VOI TOC PO ©. NHU VAY TRONG HE TOA PO CUC, TA CO PHEP
BIEN POI TOA PO CUA HE NHU SAU:

r=r ,p=¢ +ot ,t=t (6.30)

TRONG PO R’, ¢’, T’ LA TOA PO VA THOI GIAN CUA MOT CHAT PIEM
NAO PO TRONG HE K’ : R, 0, T LA TOA PO VA THOI GIAN CUNG
CUA CHAT PIEM AY TRONG HE K.
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LAy dao ham (6.30) theo thdi gian ta dudgc:

r=r' ; 0=+ (6.31)
DE tinh vécto toc d6 clia chat diém trong hé K, ching ta phai 14y dao ham

ctia véctd ban kinh theo thdi gian. Vi T 13 ham cia cic toa do r, ¢ nén:

df _otdr o dp

= (6.32)

dt ordt o dt
Chd ¥ ring:

or =€, o _ ré 6.33

or “op  ° (€39
Ta c6 thé viét (6.32) dudi dang sau:

V=r1€, +10€, (6.34)

. dr

Trong d6 V = a 12 van téc clia chat diém da cho trong hé K.

P& biéu dién V qua V' tifc 12 qua van toc clia chat diém trong hé K’ chiing
ta lam nhu sau. Thay (6.31) vao (6.34) ta dudc:
i o
5 = ETIPE, +rwe,

Tacé:V = V'HOXT] (6.35)
Trong d6 v’ 1a van toc clia chit diém di cho trong hé K’, con
[@x T] = ore, chinhla van toc cda hé K’ so v6i K tai diém .

Tiép tuc 14y dao ham (6.35) theo thdi gian ta dudc:

dv dV' d .
— = —[®xT] (6.36)
dt  dt dt
Néu gia thiét m=const, tifc 12 hé K’ quay déu so vé6i hé K, ta dugc:
dV d
+[®x —] (6.37)
dt dt
LAM TUONG TU NHU CACH TINH CONG THUC (6.35) TA PUQC:
dv _, . _
— =a"HoxV] (6.38)
dt
Trong do:
a'= (-1’ )8, +(Fo-1¢)8, (6.39)
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La gia toc cla chat diém trong hé K’ hay con goi 13 gia toc tuong ddi cda
chat diém d6.
Thay (5.95) va (5.92) vao (5.94) ta dudgc:
- — —

a= ata, +a, (6.40)
__dv
Trong d6 vec to A = d_ la gia toc cua chat diém da cho trong hé K hay
t

con goi 1a gia toc tuyét d6i ciia chat diém d6. Vécto:
2

d, = OX[OXT]=—-0T (6.41)
Hudng vao tAm quay va dugc goi l1a gia toc huéng tAm. Vécta:
a, =2[oxV'] (6.42)

Hudng vudng géc v6i van tdc cia chat diém va dude goi 1a gia téc Coriolit.
Thay (6.40) vao (6.23) ta dudc Iuc quén tinh tic dung Ién chit diém da cho
trong hé K.

F, = -ma, —ma, (6.43)
Trong dé luc:
F =-mid, = mo’t (6.44)

Téc dung lén chit diém va hudng tir tim quay ra ngoai, dudc goi 1a luc
quén tinh ly tAm (hay goi tit 12 lyc ly tim). Luc:

F,=—ma_ =-2m[ox V'] (6.45)
budc goi 1a lyc quan tinh Coéridlit (hay lyc Coridlit).

* SAU PAY TA XET MOQT VAI Vi DU MINH HOA CAC LUC QUAN
TINH NAY.
Ta hinh dung hé quy chi€u quay 12 mot dia phing nim ngang. Trén dia doc
theo mot ban kinh c¢6 treo nhitng qué cau c6 khdi lugng nhu nhau. Khi dia quay vdi
van toc m=const thi & trong hé quy chi€u ding yén ta thiy qud ciu treo ding & tim
dia vin ding yén con tit ci cdc qui ciu khic chuyén dong tron déu, vach trén
nhitng dudng tron c6 tAm trén truc quay va qua cau nio cang xa tim thi diy treo
clia né cang léch so v6i phuong thang ditng ban dau, ta gidi thich chuyén dong tron
nay 12 do c6 lyc huéng tim tdc dong 1én mdi qua cau. Lyc huéng tim nay 13 tong
hdp luc cia trong luc qué cau va lyc cing clia day treo.

Song d6i v6i ngudi quan sit ditng trong dia quay thi tit cd cdc qua cau déu
ditng yén. S& di nhu vay vi trong hé quy chi€u khong quédn tinh gin vdi dia quay c6

xudt hién lyc quédn tinh ly tim F, Iyc nay can bing vdi trong luc clia qua cau P

va luc cang cla day treo N (hinh 6.5).
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Néu bay gid ta dit mot qui cau trén mot mit dia quay, gid st ta khong dit
tai chinh tAm quay va ma sdt giifta qua cau va dia quay 13 khong ding ké. Trong
trudng hop d6 qua ciu chi bi tdc dung mot luc quan tinh ly tAm nhu ta di biét va né
bit ddu chuyén dong ving ra ngoai. Nhung sau dé lai khong ti€p tuc chuyén dong
doc theo bdn kinh ma vach nén mé6t quy dao cong trén dia quay. Nhu vdy ching t6
ring bén canh lyc quédn tinh ly tim con c6 mdt luc khdc tdc dung 1én vat va vudng

goc véi toe do V ctia né, luc nay chinh l1a lyc quan tinh Coridlit FC (hinh 6.6)

——>

Hinh 6.5

Z)

Hinh 6.6

6.4 Nguyén ly tuong duong

6.4.1 Trang thai khong trong lugng

Pk MO TA TRANG THAI KHONG TRONG LUONG TA XET Mf)T HE
GOM MOT BUONG KIiN, TRONG PO CO TREO MOT CON LAC GOI
LA CON LAC LIUBIMOV.

l_jq
O
F,
A) B) C)
Hinh 6.7

Thi nghiém véi con lic Liubimov dudc ti€n hanh nhu sau. Khi budng ditng
yén so véi mit dat, con lic thyc hién dao dong riéng xung quanh vi tri cAn bing
(hinh 6.7a). Khi budng roi tu do thi chuyén dong phu thudc vio pha clia dao dong
tai thi diém budng bit diu roi. N&€u budng bit diu roi tai thdi diém con lic dat
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dugc dd 1éch cuc dai (hinh 6.7b) thi vi tri d6 s& khong thay ddi trong sudt qud trinh
budng roi. Néu budng bit diu roi & thdi di€m con 1ic khong & vi tri 1éch cuc dai. Vi
du khi n6 vira ra khdi vi tri can bing (hinh 6.7¢) thi con lic ti€p tuc chuyén dong
tron déu xung quanh diém treo.

Thi nghiém trén c6 thé gidi thich nhu sau: Khi budng roi tu do, lyc quin
tinh tdc dung 1én con ldc cin bing véi luc hit ctia Trdi dat, két qud hai luc nay cin
bing vdi nhau. By gdi chi ¢6 luc cing cta diy treo déng vai trd lyc huéng tAm giit
con lic chuyén dong tron déu quanh tim 13 di€m treo ciia con lic, luc nay bing
mv*/R, trong d6 R 12 d6 dai cla day treo va v 1a vén tdc cha con lic so véi budng.
Van t6c nay bing van tdc cla con lic khi budng bt dau rdi. Trong trudng hdp hinh
6.7b van tdc nay bing khong nén con lic ditng yén so v6i budng, tic 1a luén ludn &
vi trf 1éch cuc dai trong sudt qud trinh budng rdi.

Trong thi nghiém trén, lyc qudn tinh va luc hit ciia Trdi dat can bang nhau,
két qud la con ldc & trang thdi khong trong luong. Trang thdi nay rdt gidng trang
thdi ciia vdt thé trong cdc con tau vé tinh ciia Trdi dat. Trong cdc con tau ndy, moi
vt chiu tdc dung ciia hai luc la luc hit ciia Trdi ddt va luc qudn tinh ly tam. Hai luc
nay can bdng nhau va cdc vat thé trong con tau & trang thdi khong trong luong. Cdc
nha du hanh vii tru néu khéng bdam chdc ldy con tau sé bj lo ling trong con tau.

6.4.2 Nguyén 1y tuong ducong

TRONG CAC THI NGHIEM VOI CON LAC LIUBIMOV, VA VOI CAC CON
TAU VE TINH CUA TRAI DAT CHUNG TA THAY RANG LUC QUAN
TINH VA LUC HAP DAN BANG NHAU VE GIA TRI TUYRET POI VA
NGUGC CHIEU NHAU:

F, +F =0 (6.46)

Vi ring khdi lugng quén tinh va khoi lugng hap din dugc gia thiét 1a bing
nhau nén tir d6 suy ra gia tdc qudn tinh va gia toc hap din ciing phai bing nhau vé
dd 16n va ngudc chiéu nhau:

aq +a, =0 (6.47)

KET QUA LA HE QUY CHIEU TRG THANH QUAN TiNH VA VAT THE
TRONG HE G TRANG THAI KHONG TRONG LUQNG.

Lap luan trén ciing ching té ring, néu ta chon hé quy chi€u sao cho gia t6c
clia né bing gia tc cla trudng hap din thi moi hién tuong x4y ra trong hé giéng
nhu trong trudng hap din. N6i mot cach khic, trudng quén tinh xuat hién trong hé
s& tuong dudng véi trudng hap dan da cho.

Sv tuong duong giita trudng qudn tinh va trudng hap din vé mit cd hoc 1a
hién nhién. Téng quit héa diéu khing dinh d6 d6i v6i moi hién tugng vat 1y goi 1a
nguyén Iy tuong duong. Nhu vy nguyén ly tuong duong khing dinh ring trong mot
hé quy chi€u bing cic thi nghiém vat 1y khong thé phan biét dugc trudng hap din
va trudng qudn tinh.
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Trong thyc t& trudng hap din thudng khong déng nhit. Vi vy ndi chung ta
khong thé chon duge mot hé quy chi€u c6 trudng quén tinh tuong duong. Tuy nhién
diéu d6 c6 thé 1am dudc d6i v6i mot viing nhd bé cta khong gian, trong d6 trudng
hap din dugc xem 13 déng nhat. Vi du tai mot dia di€m nao d6 cha Trdi dat (trong
thi nghiém véi con lic Liubimov) hodc trén mot quy dao nao do (trong thi nghiém
vdi con tu vé tinh). Vi Iy do d6 nguyén 1y twong duong giita trudng hap dan va
trudng quan tinh chi c6 tinh chit dia phuong va ngudi ta thudng goi né 1a nguyén Iy
tuong duong dinh xi.

6.4.3 Ly thuyé&t tuong ddi rong

CONG CUQC TIM KIEM CAC HEE QUA TOAN HOC CUA NGUYEN LY
TUONG PUGNG PA DAN PEN SU RA POI CUA MOT HOC THUYET
MGI: LY THUYET TUONG POI RONG. LY THUYET NAY BUQC
EINSTEIN PHAT MINH RA NAM 1916 VA CHU YEU DUNG DE GIAI
THICH CAC HIEN TUGNG HAP DAN VU TRU. SAU PAY LA MOT SO
HIEU UNG MA LY THUYET TUONG POI RONG CO UU THE HON
HAN SO VOI LY THUYET HAP DAN NEWTON:

- Hiéu @ng thd nhat 13 sy dich chuyén diém cin nhit cta sao Thiy trong
trudng hap dan ctia Mit trdi. Nhitng quan sdt thién vin tir gitta th€ ky 19 cho thady
riang chuyén dong clia cic hanh tinh xung quanh Mit tr&i khong phai 13 mot dudng
elip khép kin hoan hido ma l1a mdt dudng elip hd. Piém cin nhat clia quy dao cic
hanh tinh lu6n luén chuyén dong ludt vé phia trudc, do d6 truc chinh cia quy dao
khong c6 dinh ma c6 tham gia mot chuyén dong quay. P6i véi sao Thily 12 sao gan
Mit trdi nhat, chuyén dong quay nay nhanh hon ci, ¢t 100 nim truc chinh ctia n6
lai quay dudc mot géc o = 43”. P61 v6i cdc hanh tinh khdc géc quay nay nhd hon
nhiéu. Vi du, d6i vdi Trdi dat géc quay nay 13 a=3,8"’. Cd hoc Newton khong thé
gidi thich dudc su quay nay mic du da c6 ging xét dén tat cd cdc nhiéu loan do cdc
hanh tinh khdc gy ra. Ly thuyé&t hdp din Einstein cho cdc két qué trung vdi thuc
nghiém kh4 t6t: d6i vdi sao Thiy a=42,6""; doi vdi Trai dita. =4,

- Hiéu @ng thit hai 1a sy 1éch clia 4nh sing trong trudng hap din cla Miit
trdi. Theo nguyén 1y hap din Einstein, khong gian xung quanh vt chit bi cong di,
vat chit cang 16n khong gian cang cong nhiéu. Tia sdng truyén trong khong gian
gin vat chat cling bi cong theo. Ngay tir nim 1915 Einstein di tinh dudc ring 4nh
sang clia cdc ngdi sao & rat xa dén Trdi dat khi di qua gan Mt trdi bi 1éch di mot
géc B =1,75"". Po ludng ti€n hanh vao ndm 1919 va sau d6 khodng mudi lan nita
vao cdc nim sau d6 da xdc nhan k&t qua trén. Vi du, cdc sd liéu do vao thdi ky nhat
thuc nim 1952 cho ké&t qud dod 1éch nay 1a B = 1,7, Trong khi dé theo co hoc
Newton cic tia sang nay phai truyén theo dudng thing.

- Hiéu tng thi ba 13 “su dich chuyén d8”. Noi dung nhu sau: cdc vach
quang phd clia 4nh sdng phét ra tif cdc ngdi sao ning bi dich chuyén vé phia d4 tiic
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12 vé phia c6 budc séng dai hon so véi cdc budc séng clia cdc nguyén tl vat chat
phdt ra trong diéu kién Trdi dit. Hiéu tng ngay dugc ki€m tra trudc tién ddi véi sao
Thién lang B (sao ndy c6 mat d6 gdp hang chuc nghin 1an mat d cta nudc va cé
trudng hap din trén bé mit 16n gdp hai mudi 1an trudng hap din trén Mit trdi) va
sau d6 ddi v4i nhiéu ngdi sao khic. Cic két qud thu dude déu xdc nhan cdc tinh
todn theo 1y thuyét hap din cda Einstein, nhu d6i v6i sao Thién lang B d6 dich

2 Ze P N Z 1~ AV _5 , . z
chuyén tuong déi ctia tin s6 14 — = —5,9.10 " theo tinh todn, trong khi d6 do
A%

ludng cho két qua 1a —6,6.107.

Tir nim 1959 ngudi ta ciing di ti€n hanh cic thi nghiém ki€m tra hiéu tng
dich chuyén dé ngay trong pham vi phong thi nghiém trén Trdi dit. C4c thi nghiém
nay mot 1an nita lai x4c nhan 1y thuyét hap din ctia Einstein.

Ngoai cdc hiéu tng trén, ly thuyét twong doi suy rong ctia Einstein con md
diu cho mdt thdi k¥ méi, thdi ki nghién cttu sy hinh thanh va tién trién cda vil tru
mot cach khoa hoc.

6.5 chuyén dong quay cua Trai dat

6.5.1 Gia toc trong trudng

MOT VAT PUNG YEN GAN MAT PAT CHIU TAC DUNG CUA LUC HAP
HAN HUGNG VAO TAM CUA TRAI DAT VA BANG:

Trong d6 k 1a hing s6 hdp din, M va m la khoi lugng cta Trai dat va clia
vat, R 12 ban kinh ctia Trdi dat. Pai lugng:

- M R
G-k N
R“ R
Goi la gia t6c hap din hay cudng d6 clia trudng hap din. Dau trir trude céc
cong thiic trén chitng 4 ring gia tdc va luc hap dan hudng vao tdm cla Trai dat.

e

A

Hinh 6.8
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Ngoai lyc hiap din do Trai dit quay, vat con chiu tic dung clia luc quén tinh
ly tam:
— 2_’
F, =mo'T
Trong d6 o 1a tdc d6 goc chia Trdi dat, r 12 khodng cédch tir vt tdi truc quay
(hinh 6.8).
Vi trong lugng clia mot vat 1a tdng clia cdc luc ma Trdi dat tic dung 1én vat
doé, nén:
Dua vao hinh 6.8 ta c6 thé tinh dudc cd dd 16n 1an huéng clia dai lugng nay.
Lyc quén tinh ly tAm cyc dai § xich dao va gidm dén khong & hai dia cuc.
Goi A 1a ti s6 giita luc ly tAm cuc dai Fy; va luc hap din F ta dugc:

E, ®°R
=S =—— (6.49)
F, kM

Thay cac gia tri:

o =21/8,64.10% , R =6,378.10°m , k = 6,67.10" 'm’/kg.s*,

M =5,98.10*"kg

Vao biéu thic trén ta duge: A = 3,5.107

Nhu v@y luc qudn tinh ly tdm cuc dai bing 0,35% luc hdp ddn va mot cdch
gin ding c6 thé bd qua dnh hudng cla luc ndy va xem trong ludng clia vat bing
chinh Iyc hap din tic dung lén né. Tuy nhién trong nhiéu thi nghiém chinh xdc, ta
khong thé bé qua dnh hudng cda luc quédn tinh ly tAm nay. Pit:

P = mgy (6.50)
Trong dé: ggla gia tdc trong trudng tai vi do 0 , s :lw ;
coxn
a 12 géc gitta luc hap dan F, va trong luc P (hinh 6.8)
K&t hdp cong thiic trén vdi (6.50) ta dudc:
1-Acos’6

gp =8 (6.51)
CcCoS

Miit khéc ta c6:
F sinO Asin20
F, 2
K&t hgp cong thiic trén vdi (6.50) va bd qua cédc s6 hang nhé bac hai doi véi
A ta dugc:

sin oL = (6.52)

go = g(1-Acos” 0) (6.53)

Céc cong thic (6.52) va (6.53) cho ta phuong va do 16n cia gia toc trong
trudng phu thudc vao vi dd 0, tai xich dao 0 = 0 gia tdc trong trudng c6 gid tri bé
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nhdt g, ~ 978cm/s> Khi vi do ting, gia tdc trong trudng ting theo. G dia cuc gy ~
981cm/s>. O vi d6 0 = 45%gia tc trong trudng c6 gia tri chuin gss= 980cm/s’.

Trén day chiing ta xem Trai dit c6 dang hinh cau, trong thuc t& Trai dit hoi
det & hai dau. B4n kinh & xich dao R, = 6378km, trong khi ban kinh & dia cuc Ry =
6357km. Vi vay ban than lyc hap din ciing ting theo vi dd. K&t qua 1a gia tdc trong
trudng ting theo quj do nhanh hon theo cong thitc (6.53). § dia cuc gia toc nay 1a
400 = 983cm/s” .

GIA TRI CUA GIA TOC TRONG TRUONG NOI TREN LA GIA TRI TRUNG
BINH. TRONG THUC TE DO CAU TAO KHONG PONG PEU CUA CAC
LGP PAT PA TRONG VO TRAI PAT NEN GIA TOC TRONG TRUONG
CHIU NHUNG THANG GIANG CO TiNH CHAT PIA PHUONG. SU
THANG GIANG NAY PUGC XEM LA CAC SO LIEU QUAN TRONG DE
PON NHAN Vit CAU TAO CAC LGP PAT PA TAI PIA PHUGNG AY.

Ngoai chuyén dong quay ngay dém, Trdi dit con tham gia chuyén dong
quay quanh Mit tr&i, luc quéan tinh ly tdim do chuyén dong nay giy ra vio khodng

0,2 1an Iyc qudn tinh ly tdim do chuyén dong quay ngay dém tao ra va tai mdi dia

phuong lyc quén tinh nay thay d6i huéng so véi luc hdp din tlly theo gid trong

ngay. Vi vay nhitng phép do gq vdi dd chinh x4c cao cAn luu y dén sy thay ddi nay

cta gg.

6.5.2 Luc Coriolit

BEN CANH LUC QUAN TiNH LY TAM, TRONG HE QUY CHIEU TRAI
PAT QUAY CON CO LUC CORIOLIT, LUC NAY TAC DUNG LEN CAC
VAT THE. CHUYEN PONG TUONG POI SO VGI TRAI DAT.

P& nghién cttu Iuc Coridlit chiing ta phan tich van tdc géc clia Trai dat ©
va van téc clia vat thé chuyén dong V ra cdc thanh phin phdp tuyén va ti€p tuyén
véi mit dat (hinh 6.9).

O=0,+0, ; V=V, +V, (6.54)

Thay (6.54) vao biéu thifc cda luc Coriolit:

E =-2m[o, xV,]
Va chi y ring [0 X V] = 0 ta dugec:

F, =-2m[o, xV,]-2m[®, xV,]-2m[®, X V,]

Thanh phan thi nhét cia lyc Coridlit: —2m[®, X V,] ¢6 phuong tiép
tuy&n véi mét dat. Néu nhin theo phuong ciia téc do V, thi & Bic bdn ciu, luc nay
luén huéng vé phia bén phai, con 8 Nam ban ciu luc nay ludn huéng vé phia bén
trdi. Vi 1y do d6 nén cdc dong sdong & Bic ban cdu 1am 16 mon bs phai, con cédc
dong song & Nam b4n ciu 1am 16 mon bd trdi. Hién tugng mon vet cdc dudng ray
xe 1ta mot chiéu va su 1éch di clia cdc dong nudc bién (hai luu) cling dugc gidi
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thich tuong ty. Chiéu ctia gi6 mua ciing do thanh phan —2m[®, X V, ] cda lyc
Coridlit tdic ddong. Vung xich dao bi dot néng, khong khi néng bdc 1€n cdc 16p cao
cia khi quyén va di vé phia céc dia cuc. Bi lanh & ting cao né di xudéng & khoang
cdc vi do 25° - 30°, rdi lai tir d6 thdi vé xich dao. O Bic ban ciu, dudi tic dung cla
luc nay ludng gi6é bi 1éch vé phia tdy va nhu vy thdi tir dong bic lai. Tuong ty &
Nam bén ciu c6 gi6 dong nam. ._ )

Hinh 6.9

Thanh phan tht hai cda lyc Coridlit: —2m[®, X V,, | cling hudng theo
phuong nim ngang. Né&u vat chuyén dong 1én cao thi luc nay huéng vé phia tay,
con néu vat rdi xuéng mit dat thi luyc nay huéng vé phia dong. Vi vay nhitng vat
thé€ rdi tu do déu l1éch vé huéng dong. Khi vat roi tir d6 cao 100m & vi do 60° thi
1éch khodang lcm.

Thanh phén thic ba cda lyc Coriolit: — 2m[®, X V| hudng theo phuong
thazlng diing, c6 chiéu tir trén xudng hoic tir dusi 1én tuy thudc vao chiéu cla o, va
vi. Luc ndy cAn chi y d&n khi nghién cttu cdc vat thé chuyén dong vé6i khodng cich
xa, vi du nhu chuyén dong ciia tén ltra mit dat.

Cu6i cuing luc Coridlit con lién quan dén chuyén dong cia con lic Fuco,
bing chitng vé su quay clia Trai dat.

6.5.3 Con lic Fucd

THi NGHIEM CON LAC FUCO PUGC THUC HIEN LAN PAU VAO NAM
1851 TAI PARI PE CHUNG MINH SU TU QUAY CUA TRAI PAT.
THIET BI GOM MOT VAT NANG 28KG TREO G PAU MOT SQI DAY
DAI 70M. PAU TREN SGI DAY PUGC TREO SAO CHO CON LAC CO
TH]§ DAO PONG TU DO THEO PHUONG BAT KY.

Theo dai su dao dong ty do clia con lic trong mot thdi gian dai ngudi ta
nhan thiy phuong clia con lic quay theo chiéu kim dong hd va quay dugc mot vong
sau 32 gio.

Su quay mit phing dao ddng cla con lic dugc gidi thich nhu sau:
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Gi4 thiét thi nghiém Fucd dugc ti€n hanh § bic cuc. Pi€m treo con lic nim
trén truc quay cta Trai dat. Ta xét thi nghiém nay trong hé quy chi€u quén tinh tng
vdi cdc ngodi sao ding yén. Trong hé quy chi€u quén tinh nay mit phing dao dong
cia con lic 1a khong ddi, con Trai dat quay tir tdy sang dong vdi chu ky quay 1a
T=24gid. Néu bay gid ta lai xét thi nghiém trong hé quy chi€u Trdi dat, coi Trdi dat
12 ditng yén thi rd ring mit phang dao dong clia con lic quay so véi Trdi dat ur
dong sang tiy vdi chu ky T=24gid. Trong hé quy chi€u Trai dit, sy quay mit phiang
dao dong ctia con lic dugc gidi thich 1a do tdc dung clia lyc Coridlit. RS rang luc
nay phdi huéng theo phuong nim ngang, va vi tdc do cla con lic cing huéng theo
phuong nam ngang (do ddy treo dai va dao dong vdi bién dd nhd) nén theo muc
trén ta c6 luc tdc dung 1én con lic la:

F=-2m[®, xV,]=-2m[®, xV ]

Luc nay & Bic cuc 1am mit phing dao ddng cla con lic quay vdi toc do
géc o, = o va do d6 chu ky quay 1a 24 gid. Néu thi nghiém dudc ti€n hanh & vi do
0 thi Iyc trén 1am mit phiang dao dong clia con lic quay véi téc dd w, = wsin® (hinh

24

gid. O Pari ¢6 vi d0 6 = 48°51’ nén T ~ 32
sin O

6.9) ting v6i chu ky quay 1a T =

210 phu hgp véi thuc nghiém.

Mic du véi téc dd géc va chu ky quay nhu d3 xdc dinh, quy dao chuyén
dong cda con lic Fucod cé thé khdc nhau phu thudc vao trang thdi ban dau clia nd.
Tuy theo cdc trang thdi ban ddu ma con lic c6 thé cé nhitng quy dao khic nhau
(hinh 6.10a, b). Su khac nhau d6 dudc giai thich nhu sau:

a) b)
Hinh 6.10

Néu con lic dudc dua ra khéi vi tri cAn biing va budng ra véi toc dd ban dau
bing khong, thi né sé& bit didu chuyén dong vé phia vi tri cin bing. Tuy nhién lyc
Coridlit 1am I&éch né vé bén phdi va do d6 n6é khong di qua tim can bing. K&t qud
12 quy dao con lic c6 dang nhu hinh 6.10a.

Néu & di€m can bing ta truyén cho con lic tdc dd ban dau thi khi di ra khdi
tdm can bing luc Coridlit 1am 1éch né vé bén phai. 0] vi tri 1éch cuc dai téc do doc
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theo bén kinh biing khong nhung t6¢ do vudng géc vdi ban kinh lai 16n nhat. Két
qua 1a quy dao ctia con lic ti€p xtic v6i vong tron c6 tAm 12 tAm cAn biang va bén
kinh 12 do 1éch cuc dai cta con lic. Khi d6 quy dao clia con lic dugc mo td trén
hinh 6.10b.
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CHUONG VII
DAO PONG VA SONG

7.1 Dao dong diéu hoa

7.1.1 Hién tuong tuan hoan

Trong tu nhién, ddi s6ng va k¥ thuit, chiing ta thudng gip nhiéu hién tudng
lip di lip lai mdt cdch tudn hoan, sau mdt khodng thdi gian x4c dinh, hién tuong
13p lai nhu cii : ngdy va dém, bon miia Xuan — Ha — Thu — Pong lip di lip lai nim
nay qua nim khdc, kim dong hd quay hét mot vong lai quay vé vi tri cii v.v...

Tir d6, ta c6 thé dinh nghia : “Hién tuong tudn hoan la hién tuong cit
sau nhitng khodng thoi gian xdc dinh, ldp lai ding nhu cii”.

Khodng thdi gian T nhd nhit ma sau dé hién tugng lip lai nhu cii, goi la
chu ky ctia hién tugng tudn hoan. S& chu ky trong mdt don vi thdi gian (1 gidy) goi
12 tan s6 :

1

= (7.1)
! T

vy ¢6 don vi 1a Hertz (Hz) hay s™.
Ta goi dai lugng bi€n thién tuin hoan 1a x, thi :
x=1(t)=f (t+nT) (7.2)

Trong d6 n 1a s6 nguyén.

7.1.2 Dao dong diéu hoa

Trong so nhitng dao dong tuan hoan thi dao dong diéu hoa don gidn va
rit quan trong.

“Dao dong di€u hoa 12 mot dao dong tuan hoan trong d6 dai lugng x
bién thién theo thdi gian theo quy luat hinh sin (cosin)” :
X = asin(ot - @) hay  x=acos(ot-¢) (7.3)

Trong d6 : a 1a bién d6 cuc dai cia dao ddng;
x 1a bién do & thdi diém t;
o 12 tn s6 goc;
(ot-@) 1a pha ctia dao dong.

Tur (7.2) va (7.3) thay doi s6 t bSi t+T , ta suy ra mdi lién hé :

2
T="" (7.4)
®
® = 2my (7.5)
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Xét mot chat diém M chuyén dong trén dudng tron tdim O, ban kinh a,
van tdc géc . Xét hinh chi€u N clia di€ém M trén truc Ox ta thidy dao dong cla
N khi M chuyén ddng trén dudng tron 13 mot dao dong diéu hoa. Toa do cia
di€m N : x = ON = OM.cos8 = a.cos(ot-¢).
Trong d6 0 = (ot-) 12 géc hop bdi OM va Ox.
Tuong tu, c6 thé thay hinh chi€u ctia M trén truc Oy ciing 12 mdt dao dong
diéu hoa bi€u dién béi : y = a.sin(wt-Q)

7.1.3 Bi€u thic todn hoc ctiia dao dong diéu hoa :

Dao dong diéu hoa dudc bi€u dién bing bi€u thic (7.3). Ngoai dang
trén, d6i khi con dugc bi€u dién dusi cac dang khic. Dusi day 1a mot vai dang
thudng gép :

X = a.sin(®t-Q) = a.sin®t.cose - a.cosMtsine

Pit: A = a.cosp va B = -a.sing thi dao dong diéu hoa c6 thé bi€u dién dudi

dang :
X = A.sinmt + B.cosmt (7.6)
Nguge lai, cho mdt dao dong cé biéu thitc dang (7.6) thi bing cdch ddt :
B
t - _
g0 A

vi a=vA?+B?
Ta c6 thé dua (7.6) vé dang (7.3) quen thudc.
Trong thuc t&, d€ thuin tién cho tinh todn, ngudi ta con biéu dién dao dong
diéu hoa dué6i dang phiic.

Tit cong thic Gle : €' = cos0 + i.sind

Ta thay ring cdc ham diéu hoa (7.3) :

X1 = a.cos(mt-¢) va X, = a.sin(ot-@)

Chinh 12 phin thyc va phan 4o cda ham phic :

X = a.e' ("% (7.7)
Ta con c6 thé bi€u dién (7.7) dusi dang :
x =C.e'™ (7.8)

Trong d6 C = a.e™ chia ¢4 bién do thuc a va pha ban diu ¢, duge goi 1a
bién do phuc.

Bi€u dién dao dong diéu hoa dudi dang bién dd phic (7.8) thuin Igi khi
tinh todn, mudn tr§ vé dang ham thyc (7.3) clia dao dong diéu hoa thi c6 thé tinh
bién do thuc a theo bién dd phic C biang cdch nhian bién @6 phitc C véi lién hop
phiic C* ctia n6, ta c6 :

C.C*=a.ee®=a> = a=+C.C*
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7.1.4 Phuong trinh ctia dao dong diéu hoa

Gia st ta c6 chit diém M khéi lugng m dao dong theo quy lut :
X = a.sin(ot-Q)
Pé€ x4c dinh phuong trinh dao dong M, ta xét :
Van toc cia diém M :

dx .
V=—=X=amcos(ot— )
dt
Gia tdc cta diém M :
dv .. :
a= - - k= —am” sin(ot — @) = —0°X
t

Theo phuong trinh cd ban cta dong luc hoc, luc F tic dung vao M lam cho
né chuyén dong :

F=my= —mo’

X

Phuong trinh nay chifng t4 Iuc tic dung F i 18 v6i @6 1éch x clia dao dong
va huéng ngugc chiéu véi X tdc 13 luon ludn huéng vé vi tri cAn bing cha dao
dong.

Phuong trinh dao ddng (7.9) con dugc bi€u dién dusi dang :

F+kx=0

Hay : mX +kx =0 (7.10)

Trong d6 k = +m®*  (k>0)

(7.10) chinh la phuong trinh dao dong diéu hoa dudi dang tong quadt.
Nghiém cua (7.10) c6 dang :

x = asin(ot - @)  (hoic X = acos(wt - P));

k
Trong d6 tin so6 géc @ = ,|—
m

Véi a, @ 1a cdc hiing s6 x4c dinh tir cdc diéu kién ban dau.

7.1.5 Niing lvgng ciia dao dong diéu hoa

Chat di€m M dao dong quanh diém 0 c6 cd ning nhit dinh gdm tdng dong
ning Wy va thé€ ning W, tai thdi di€m t dang xét.
Gia st chat diém dao dong theo quy luit :
X = asin(ot - @)
S€ c6 dong ndng :
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1 | 1
W, = —mv’ =—mx* =—ma’e’ cos’ (ot — Q)
2 2 2
Theo dinh nghia, do gidm thé ndng ciia M, khi M dich chuyén tir 0 dén vi tri
x, bang cong ciia lyc tdc dung lén M trén doan duong 4y, tifc :
X X X2
W, (0) - W, (x) = I Fdx = —I me’xdx = —mm” —
0 0 2
X2

W, (x) = W, (0) + mo* = W, (0) + %kxz
Quy uSc chon th€ ning & vi tri cAn bing 0 bing khong, titc W(0)=0. Vay :
2
W, (x) = me? X? = %mazo)2 sinz(cot — Q)
Co ning cla chat diém M 1a :
W=W,;+W, = %mazoa2 cos” (ot — @) + %mazw2 sinz((x)t — Q)

W = lmazoo2 = lka2
2 2

Vay : “Ndng luong dao dong ciia mot chdt diém ti 1é véi binh phuong
bién do cuc dai”.
Ta qui uwéc goi cd ning cla chat di€ém dao dong 1a ning lugng dao dong
va thira nhan ring ning lugng ctia moi dao dong diéu hoa ti 1& v6i binh phuong
bién do cuc dai.

7.2 Vidu dp dung

7.2.1 Dao dong ctia mdt qua niing treo ¢ dau mot 1o xo

Gid st c6 mot 10 xo, mot dau duge cd dinh con dau kia treo mdt qua ning
khéi lugng m (hinh 7.1). Goi £, 12 chiéu dai ctia 10 xo khi khong bi bié€n dang va /¢
12 chiéu dai cda né khi bi€n dang (bi nén hoic kéo). Khi 16 xo bién dang thi xuit
hién Iyc dan hdi F ¢6 xu huéng kéo né vé vi tri can biing (khong bi€n dang).

Né&u do bi€n dang x = £ — £, nhd thi luc dan hdi F ti 1& v6i do bi€n dang x,
tac la :
F = —kX (dinh luat Hooke)
k goi 12 hé s6 dan hoi.
Khi @6 phuong trinh chuyén dong clia vat s& 12 :
mX = —kx (7.12)
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Can chd y ring khi din ra phuong trinh trén chiing ta chua ké dén tic dung
clia trong luc ctia vat. Tuy nhién c6 thé thdy ring trong luc khong 1am thay ddi
dang clia phudng trinh dao dong (7.12). That vay, néu ta ky hiéu X 1a do gidn cla
10 xo, tiic 12 X = ¢ — /, thi khi d6 phuong trinh chuyén dong ctia hé (gdm 10 xo va
qua nang) la :

m

Hinh 7.1

Goi X, 1a @6 gian cua 10 xo & vi tri cAn bing (tifc 1a @ dai ctia 10 xo khi
treo qua nidng m) thi khi d6 ta c6 :
kXo+mg=0
Hay mg = kX, thay gid tri ndy clia mg vio phuong trinh chuyén dong cia
hé ta c6 phuong trinh :
mX = -k(X -X,)
Néu ta dua vao ky hiéu x = X — X, thi phuong trinh chuyén dong ctia hé lai
trd vé dang (7.12).
Trd lai phuong trinh (7.12), néu ta diat k = Inco2 thi (7.12) trd thanh :
X—0’x=0
Nghiém ctia (7.13) nhu da biét c6 dang (7.3). Vay qud ning treo & dau 1o
x0 sé& thuc hién mot dao dong diéu hoa :
X = a.sin(ot-Q)
Trong d6 tan sd géc M xac dinh bdi biu thic :
k

®0=,—
m

Con chu ky cia dao ddng theo (7.4) :

T=2—n=2n\/§
0 k

Bién d§ cyc dai a va pha ban dau (0 dugc xdc dinh ¥ nhitng di€u kién ban
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7.2.2 Con lic vat Iy

Con lic vat 1y 13 mot vat rin c¢6 thé dao dong quanh mot truc nim
ngang c6 dinh, duéi tic dung clia trong Iyc (hinh 7.2).

v
>

zv

Hinh 7.2
Goi O 12 truc dao dong clia con ldc, G 1a khéi tim cda né, P = mg 1a trong
lugng con ldc, d 12 khodng cdch tir khoi tAm dén truc quay O, 112 mdmen quén tinh
ctia con 1ic ddi véi truc quay, O 12 géc 1éch ciia con Iic so vdi phuong thing ding.

Con lic chiu tdc dung cta hai lyc : trong ludng P= mg dit tai trong tAm G
va phan luc R ctia truc quay. Mémen cua R d3i v6i O triét tieu (vi R di qua O),
con mdmen ctia trong luc P ddi véi O 12 : — mgdsin©.

Phuong trinh chuyén dong ctia con 1ic 1a :

2
Izgz —mgdsin©

Néu dao dong c6 bién do nhé (0 nhd) thi ta c6 thé thay sinO bing O va
phuong trinh chuyén dong trd thanh :

10 = —mgd6
Hay : 0+ _mgidﬁ =0

Phuong trinh nay c¢6 dang hoan toan gidng (7.13), do dé cé thé thiy ngay
nghiém cda né cé dang :

0=0ysin(mt+ @)
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Trong d6 tan s6 géc dao dong :

0= ngl (7.14)

O, va @ 1a hai hiing s& x4c dinh tir diéu kién ban diu. Chu ky ciia dao

dong :
T=—=2n|—: (7.15)

Néu chu ky dao dong cia con lic khong phu thudc vao bién do thi dao
dong dé6 dugc goi 1a ding thdi. Chiing ta thiy ring vdi géc 1éch 0 ¢ vai do thi dao
dong ctda con lic vat 1y 12 ding thdi. Dya trén tinh chit nay ngudi ta c6 thé ding
con lic vat Iy 1am dong ho.

Trudng hgp riéng ctia con 1ic vat 1y 1a con ldc todn hoc hay goi 1a con lic
don. Con lic todn hoc 1a con 1ic ma toan bo khéi lugng clia né tip trung tai mot
di€m — d6 13 khoi tAm G ciia con ldc. Trong thuc t&, con ldc todn hoc 13 mot qua
cau nhd treo & dau mot sdi chi chiéu dai ¢. Trong trudng hop ndy, tacé:d=/¢, I =
m/*. Cong thic (7.15) trd thanh :

F [

Tzzn\/g , 0):\% (7.16)

So sanh (7.15) va (7.16) ta thiy con ldc vat 1y s& dao dong nhu con lic todn
hoc ¢6 chiéu dai :

(=— 7.17
4 (7.17)

¢ dugc goi 1a chiéu dai rit gon clia con lic vat 1y.

Trén dudng OG (hinh 7.2) ta 14y mot diém O’ sao cho OO’ = 7 1a chiéu dai
rit gon clia con lic vat Iy. bi€m O’ dugc goi 1a tAm dao dong cia con lic vatly. D6
12 diém ma phai tip trung toan bo khdi lugng cla con lic d€ cho chu ky dao dong
ctia n6 khong thay ddi.

Theo dinh ly Huyghen- Stene ta c6 :

[ = Ig + md?
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Trong d6 I 12 mdé men quén tinh ctia con 1ic ddi véi truc di qua khoi tim G
clia n6. Thay biéu thifc ctia I vao (7.17) ta ¢6 :

£=d+1—G (7.18)
md

Tur (7.18) ta c6 thé rit ra hai hé qua. Thd nhat 1a ¢>d, do d6 hai di€m 0 va
0’ phdi nim vé hai phia d6i v6i tim G. Thit hai c6 thé treo con lic tai cdc diém
khdc nhau ma chu ky dao dong cda con lic khong thay ddi mién sao cdc diém treo

nay phdi cdch déu khdi tim G cta con lic.

Piém treo 0 va tdm dao dong 0’ 14 cdc di€m lién hop theo y nghia sau :
néu treo con ldc & diém 0’ thi chu ky dao dong ciia né van giit nguyén va diém treo
ban dau 0 bdy gio sé tré thanh tdm dao déng. P6 13 ndi dung cla dinh 1y Huyghen.

P& chitng minh dinh 1y nay, ta treo con lic & diém 0’. Goi khodng cich
0’G = d’. Khi d6 dd dai rit gon ctia con lic theo (7.18) sé 1a :

rodto
md'

Nhung theo hinh vé& ta c6 d’= ¢-d va k&t hgp vdi (7.18) ta suy ra :

& =/—d=1c
md

Thay biéu thitc nay vao biéu thitc ¢’, ta thu dudc :

E’:I—G+d
md

So sénh v6i(7.18) ta ¢6 £’=/, nghia 1a chu k¥ dao ddng cda con lic gifr
nguyén khong d6i nhu khi treo né tai di€m 0.

7.3 Tong hgp dao dong

Mot vat ddng thdi c¢6 thé tham gia vao nhiéu dao dong khic nhau, ching
han mot vat ning treo vao ba diém cd dinh biing ba 10 xo dng s& c¢6 dao dong diéu
hoa biing tdng hgp cia ba dao ddng do ba 10 xo riéng biét gy ra. Van dé ditra §
day la dao dong tong hdp s& nhu thé nao néu biét cdc dao dong thanh phan.
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7.3.1 Neuyén 1y chong chat

P& nghién cttu sy tong hop cdc dao dong, ta bi€u dién dao dong bing mot
vectd, gdc 1a chit diém dao dong, mdédun bing bién do cuc dai cla dao dong,
phuong clia vectd 1a phuong dao dong va chiéu clia vectd tng vdi bién do cuc dai
duong. Trong trudng hop cdc dao dong thanh phan 12 nhd ta thira nhan dao dong
tong hop tuan theo mot nguyén 1y sau goi 1a nguyén 1y chdng chat.

Néu mot chdt diém tham gia vao nhiéu dao dong biéu dién bdi cdc vecto
Vi, Vyseees V, thi chdt diém sé cé mot dao dong tong hop biéu dién bdi mét vecto la

tong hinh hoc ciia cdc vecto trén, nghia la :
V=V, +V, +..+V, (7.19)

Néi cdch khdc viéc tdng hgp dao dong phai thuc hién theo nguyén 1y cdng
vecto. Phép cdng vecto sé thu vé phép cong dai s khi cdc vectd V ¢ cling phuong
hoic khi dai lugng bién thién trong dao dong diéu hoa 13 mot lugng vd hudng (vi du
4p sudt chat khi trong dao dong Am thanh).

7.3.2 Téng hgp hai dao dong cuing phudng va ciing chu ky

Ta xét trudng hop hai dao dong v; v v, cé cling phuong va cling tan s&
(hoiic cing chu ky T), khi d6 phép cong vectd thu vé phép cong dai so.

Gia st hai dao dong thanh phan 13 :
X1 = a;cos(mt-@y)
X, = a,C08(mt-@y)
Dao dong tf;ng hgp s€ 1a :
X = X; + X; = a;cos(wt-@;) + a,cos(mt-e,)
= 2;COS®ICOSP; + a;sinmtsing,
+ 2,COSMICOSP, + ArsInMtsing,
= (2;C0S8Q| + a,COSP,)cosmt + (a;sin@; + a,sing,)sinmt
Biéu thic niy c6 dang :

X = Acosmt + Bsinwt (7.20)
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Trong dé :
A =a;cos@; + a,cosQ; ; B = a;sin@; + a,sing,

Biéu thic (7.20) ching té ring dao dong tdng hop ciing 13 mot dao dong
diéu hoa vdi tan s& ® nhu tan s6 dao dong thanh phan, nghia 1a :

X = acos(mt-Q)

Trong d6 bién d6 cuc dai a va géc léch pha ban diu ¢ X4c dinh dudc theo
céac bi€u thic sau :

a’ = A% + B* = (a,c0s0; + 2,C05¢,)°

+ (a;sin@; + azsin(pz)2
= al2 (cos2 @, + sin? ¢;)+ ag (cos2 ¢, + sin’ ¢,)
+2a,a, cos®, cos@, +2a,a, sin @, sin @,

a’ =a; +a; +2a,a,co8(p, — @) (7.21)

B a sin@, +a,sin@
va: lgg=—=—""—"1—2—"" (7.22)
A a cosp,+a,coso,

Ta ciing c6 thé thu dugc cic két quad trén bing phuong phap dd thi (phuong
phap Frénen).

Ta v€ hai vectd O—V; va O—V;06 modun bing a; va a, va lam véi truc Ox
nhitng géc (ot-¢;) va (ot-¢,) (hinh 7-3). Hai vecto O—V1 va O—V2 cung quay quanh
O v6i van toc géc o, do d6 géc giita chiing khong thay ddi theo thdi gian. N6i cich
khac hinh binh hanh OV, VV, ciing quay quanh O véi van tdc géc 1a o ¢6 nghia 1a

OV ciing quay quanh O vdi van toc géc 13 o : dao dong tdng hop ciing c6 tin sd o
nhu cic dao dong thanh phan.

Bién do ciia dao dong tdng hdp c6 thé tinh dugc theo cdc cong thic lugng
gidc ap dung cho tam gidc OV,V :

a’ =0V? =0V +0V; +20V,0V, cos(V,,V,)
=a; +a; +2a,a, cos[(wt — ) — (ot —@,)

2 2
=a; +a; +2a,a, cos(p, —,)
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Ta lai thu dugc cong thuc (7.21).

Muén tinh géc 1éch pha ban dau ¢ clia dao dong tdng hop ta xét vi tri clia
ba vectd OV, OV, va OV § thdi di€ém t =0 ( xem hinh 7.4)

3,005y A0S

Y5 © » %

}»ags.imp2

Vo _ p

a Y A, sineg,

t- '1'1 .

u._l.v.t__.ﬁ-,,._,u L Y

oo -

Hinh 7.3 Hinh 7.4

Tai thdi di€m t = 0, cdc vects OV, OV, va OV tao véi truc Ox céc goéc
1an Iugt 1 -, , -, va -¢ . Tir hinh vé ta thdy ngay :

a,sing, +a,sing,

g =
a,cos @, +a, cosQ,

Ta lai thu dudgc (7.22).

Tém lai biing phuong phip db thi ching ta lai tim dugc dé dang va truc
quan hon cédc két qua & trén. Chinh vi vy phuong phap d6 thi thudng dudc tng
dung khi t6 hdp nhiéu dao dong ciing chu ky va ciing phuong.

Trd lai (7.21), ta thdy bién dd cta dao dong tdng hdp khong nhitng phu
thudc vao bién do cyc dai clia cdc dao dong thanh phan ma con phu thudc vao pha
ban dau cilia chiing.

- Khi ¢, - ¢, =2nm, ta néi hai dao dong thanh phan cliing pha. Khi d6 bién do
cyc dai clia hai dao dong tong hgp dat gi4 tri cuc dai va bing :

a=a; +a

- khi @, - @; =(2n+1)7, ta néi hai dao dong thanh phan ngudc pha. Khi dé
bién d6 cuc dai clia hai dao dong tdng hop dat gid tri cuc ti€u va bing :
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a=|a —a,|

- khi @, - @; =(2n+1)1/2, ta n6i hai dao dong thanh phin c6 pha vudng géc
vdi nhau. Khi d6 bién d6 dao dong tdng hop :

_ [2, .2
a=,/a; +a;

Tém lai tiry theo hiéu s& pha ban diu ctia cdc dao dong thanh phin ma bién
do dao dong tong hgp nhin céc gid tri nim trong khodng ‘al - az‘ dén (a; + a,).

7.4 Tong hop hai dao dong cé chu ky khic nhau chiit it — Hién tugng
phach

Ta xét trudng hgp chit di€m tham gia hai hoat dong ciing phuong, nhung c6
cic tan s6 ®; , ®, khiac nhau chit it :

X1 = ajcos(mit + @)

Xy = a,C0S(myt + Py)
Trong d6 A® = ®] - My << ®[M7
Dao dong tdng hop :

X=X, +X, =a, cos(@,t—,)+a, cos(@,t—¢,)

=a,[cos@,t —,)+cos@,t —,)]+(a, —a,)cos@,t —@,)

— 92 CO{(’OI —, t—(Pl _(PZ)CO{COI + o, t—(Pl +(P2j
1
2 2 2 2 (7.23)

+(a, —a,)cos@,t —@,)

=2a, cos(%ot —%) cos(@t — @) +(a, —a,)cos@,t —@,)

W+ +
Trong d6 AQ =@, — ¢, , 032% va (P=%

Biéu thiic (7.23) ching td ring dao dong tdng hdp gdm hai dao dong. Dao
dong thit nhat bi€u dién bsi s& hang diu & vé& phdi cta(7.23) khong phai 1a dao
dong diéu hoa vi né6 12 tich cla hai dao dong diéu hoa c6 tan s6 1a Aw/2 va o . Tuy
nhién do ®; va o, khdc nhau rit it nén o rat gin o, va o, va dong thdi Aw/2 rat
nhd so véi ®; , m, nén dao dong thit nhit nay c6 thé xem nhu mot dao dong gan
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diéu hoa v6i tin s& o rdt gin v6i o, hoic ®, vad cd bién do la
AO) A(P 2 A A N . A 2, . 2
2a1 CcoS| —t———| thay doi rat chdm theo thdi gian. S6 hang tht hai cua (7.23)
2 2

R * X A A N N A ~
bi€u dién mot dao ddong di€u hoa tan so6 m,.

Hinh (7.5) biéu dién sy thay d6i theo thdi gian cla s6 hang thi hai cda
(7.23). N6 1a dao dong vdi tin s6 ® nhung cé bién dd bi€n thién mdt cich tuan
hoan theo thdi gian véi tin s6 Aw/2<<w.

“Hién tugng bién do cuc dai ciia dao dong bién thién mdt cdch tuan hoan
theo thoi gian vdi chu ky 16n hon nhiéu so véi chu ky ciia dao dong goi la hién tuong
phdch’.

Hinh 7.5

S& hang tht nhat ctia (7.23) biéu dién hién tugng phéach thuin tiy con
(7.23) biéu dién phach néi chung (thdng thudng).

bit biét khi hai dao dong x; va x, c6 bién do bing nhau (a; = a, ) thi s§
hang thit hai clia (7.23) triét tiéu va ta c6 phach thuan tdy.

Trd lai v6i hién tugng phich thong thudng bi€u dién bdi (7.23). Ta thdy dao
dong tong hdp x ciing c6 thé viét dudi dang khéc :

X = (a; —a p)cos(mit - Q1) + axcos(mat - P2) + arcos(mit - Q1)

X =24 COS[(DI — 0, t—(Pl _(szcos(ml T, t_(Pl "*sz
2
2

2 2 2

+(a, —a,)cos(w,t—@,)
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Cong (7.23) va (7.24) véi nhau roi chia cho 2 ta dugc :

- - + +
x=(a, +a,)co , C02t_(P1 ?, o o, (th_(Pl ?,
2 2 2 2

+%(a1 —a,)[cos@,t —@,) —cos@,t — @, )]

=(a, +a2)co{%t—%)cos((ot—(p)+(a2 —a,)si %t—%)sin(&t—@)

Nhu di biét, rd rang dao dong tdng hop khong phai 1a mot dao dong diéu hoa. Tuy
nhién theo gid thi€t do Aw rat nhd so v6i o , thi khi d6 trong mot khodng thdi gian

(A(D AQ

g n o . 2.
rat nhd chirng vai chu ky T =— ta c6 thé coi 7 t— 7) l1a khong thay doi va

®
do vay ta thdy dao dong tdng hop x ciing ¢ dang :

X = A sin(ot — @) + Bcos(mt — )

Trong doé :
. (Ao Ao
A=(a,—a;)sinj] —t——
- 22,-9)
Ao Ao
B=(a,+a,)cos] —t——
vy 22029

Bién dd cuc dai cia dao dong tdng hop :

a=+A?+B? haylaa’=A’+B?

a® =a; sin’ A—mt—A—(P +a3 sin’ &)t—A—(p —2a,a, sin’ A—mt—A—(p
22 22 22

+aj cos’ (Aw t—A(p}ra% cosz(m t—A(p}rZaIa2 cosz(m t_A(pJ (7.26)
2 2 2 2 2 2

=a; +a; +2a,a, coswt —Ap)

Hai bi€u thifc (7.25) va (7.26) cho thdy ring dao dong tdng hgp 13 mot dao
dong gan diéu hoa véi tan sd goc :

_ OO
2

Q)
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Va c6 bién do cuc dai a bi€n thién tudn hoan theo thdi gian véi tan sd goc
A® = ©; - 0, , giita hai tri s6 cuc dai (a; + a,) va cuc ti€u (a, - a,).

Chu ky bién thién t clia bién do a 1a :

e 2n  2m
Ao o, -0,
21 T, T, (7.27)
T= =
n_2r T,-T,
T, T,

Vi T, va T, khdc nhau rat it nén t 16n hon Ty, T, rat nhiéu : bién do cuc dai
clia dao dong tdng hgp bi€n thién rat cham theo thdi gian. Pudng bi€u dién dao
dong tong hdp trong hién tugng phach thdng thudng dudc trinh by trén hinh (7.6).

A
X

v

Hinh 7.6
Trén hinh vé cdc dao dong thanh phan c6 tan sd :
®, ®,
=—=13Hz , =—==11Hz
Y1 . T2 e
Dao dong tdng hop c6 tin s0 :
® 1

V= =——(0,+m®,)=12Hz
2m 2n2(1 2)

2%

Hién tugng phich dugc ng dung rong rii trong k§ thuat vo tuyén dién. N6
12 co s& ctia phuong phdp d6i ddi tan.
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7.5 Tong hgp hai dao dong cé phueng vudng goc

7.5.1 Tong hop hai dao dong c6 phuong vudng géc va cuing tin so

Trong trudng hdp nay ta chon 0 la géc toa dd va hudéng céac truc Ox, Oy
theo phuong cdc vecto Vl , V2 12 cdc vecto biéu dién cdc dao dong thanh phan.

PE€ thuin tién, ta c6 thé chon gdc thdi gian sao cho géc 1éch pha ban diu o,
clia dao dong thit nhat bing khong, con géc 1éch pha ban diu clia dao dong thit hai
1a o.

Khi d6 cic dao dong thanh phan sé& 12 :
X = acoswt ; y = bcos(ot - @)

Hé phuong trinh (7.28) chinh 13 phuong trinh qui dao cla dao dong tdng
hdp cho dudi dang tham s6. D€ dua vé dang thdng thudng, ta phai khif t trong hai
phuong trinh trén. Mudn vay, ta bi€n d6i cdc phuong trinh ctia (7.28) vé dang :

X , _ e e g
X —cosot , Y= cosmtcos@ + sinmtsing tiép tuc bi€n doi :
a
X . :
—sIn @ = cos ®tsin ¢
a
y X : .
= ——COoS(p =sImnmtsinQ
b a
Binh phuong hai v& clia hai phuong trinh trén rdi cong chiing lai titng v€, ta
dudgc :
2 2 2
X . X X .
—2s1n2 (p+—2cos2 (p+y—2— —ycosq) = sin’ [0)
a a b ab
x* X :
Hay: —+ y—z 2—ycosq) =sin” @ (7.29)
a~ b ab

Pay 1a phuong trinh clia mot elipse tAm 0, ndi tiép trong mdt hinh chif nhat
ma hai canh la 2a va 2b (hinh 7.7e,g)

“Vay qui dao ciia dao dong tong hop V la mét hinh elipse va do dé dao dong
téng hop goi la dao dong elipse”
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Hinh dang ctia elipse phu thudc vao hiéu s6 pha ¢ clia hai dao dong thanh
phan. Ta xét cdc trudng hop riéng :
a) @ = 2nm (n 12 s6 nguyén duong hoic am). Khi d6 ¢=0 va cosp =1 va
(7.29) trd thanh :

2
(i_lj ~0
a b
Hay la : (E—Xj:()
a b

Hinh elipse suy bién thanh dudng chéo thit nhat ca hinh chit nhat (hinh
N A 2 N A 2 £ 1t A A 2 2
7.10a) va dao dong tong hop l1a dao dong thang c6 bién do va“ +b” .

b) @ = 2n+1)n. Khi d6 sing =0 va cose = -1, phudng trinh (7.29) trd thanh

« 2
(—+Xj =0
a b

Hay 1a : (§+X]=O
a b

Dao dong tong hop ciing 13 mot dao dong thing cling c6 bién do

Va? +b?, nhung huéng theo dudng chéo thit 2 clia hinh chit nhat (hinh 7.7b).

Céc két qua § trén dudc tém tit § hinh (7.7).

y y y y
A A A A
b
-a O a X O X O X O X
a) b) c) d)
¢ =2kn ¢o=02k+)m ¢ =km + /2 ¢ =km + /2
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azb a=b

/\

)

v

v

x hoic Ot x
¢ batky ¢ batky
¢) @ = (2n+1)n/2. Khi d6 sin’p =1 va cose = 0, phuong trinh (7.20) trd thanh:
x> yz
—2 + —2 = 1
a~ b

Dao dong tdng hgp 12 mot elip c6 2 truc song song vdi cdc canh ctia hinh chit
nhat. Néu a = b, elip s€ bi€n thanh dudng tron (xem hinh 7.7¢, d).

7.5.2. Tong hop hai dao dong vudng géc va c6 tan sé khic nhau

Ta ciing chon gdc thdi gian nhu ¢ phan trén, tic 12 ¢; = 0 va ¢, = ¢. C4c dao
dong thanh phan sé 1a:

X = acosmit ; y = bcos(mat - )

Trong trudng hdp tong quét @, ; va o, cb gid tri bt ky thi quy dao clia chat
di€ém 12 mot dudng cong phic tap, khong khép kin nhung vin ndi ti€p trong hinh
chit nhat tim O va cdc canh 13 2a va 2b. Trudng hop riéng, ddng chd y c¢é nhiéu
ttng dung trong thuc tién 12 trudng hop ti & o/, 1a nhitng phan s6 don gidn (nghia
12 t& v mAu s6 déu 1a nhitng s6 nguyén nhd hon 10). Li-xa-ju da khdo sit trudng
hdp nay va néu ra mot sd két luan tdng quét sau day:

L 00 VAN N
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JOXTN O

a) Khi ti s6 o/m, 13 mot sd don gidn, thi quy dao clia chit diém la mot
dudng cong kin, c6 nhiéu mii (mdi 12 di€m ti€p xiic cla dudng quy dao chat diém
va 2 canh ctia hinh chif nhat). Ti s6 s6 mdi trén 2 canh song song véi truc Ox va Oy
ding bing t s& 2 tn s6 gdc, titc 1a ©,/m,.

b) Dang clia dudng cong phu thudc 16 vao sd pha ¢. Khi ¢ = n/2 dudng cong
nhan diém O 1am tAm ddi xing. Khi ¢ = nr thi hai ntta dudng cong nhap lam mot.

Trén hinh (7.8) vé& mot s6 dudng cong tng véi mdt vao gid tri clia o/m, va
¢. Nhitng dudng cong d6 goi la nhitng dudng Li-xa-ju. Hinh elip thu dudc khi
®1=m; cling 1a mdt dudng Li-xa-ju dic biét.

Ta c6 thé quan st dugc cidc dudng Li-xa-ju trén man hinh quang cda mot
mdy hién séng. Dua trén hinh dang cia dudng Li-xa-ju ta dé dang x4c dinh dugc 1
trong 2 tan sd o, ,o, khi biét tan sd kia va x4c dinh dugc hiéu s6 cta 2 dao dong.
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