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PHAN I: CO HOC

Chuong 1. PONG HQC CHAT PIEM

Péng hoc nghién ciru cdc ddc trung ciia chuyén déng co hoc (phwong
trinh chuyén dong, phirong trinh quy dao, qudng dwong dich chuyén, van téc,
gia toc) nhung khéng xét dén nguyén nhin gdy ra sw thay doi trang thdi
chuyén déng.

1.1. NHUNG KHAI NIEM MO PAU
1.1.1. Chuyén dong va hé qui chiéu

a. Chuyén dpng

Chuyén dong cua mot vat la sy chuyén doi vi tri ciia vdt d6 doi véi cac
vdt khac trong khong gian theo thoi gian.
b. H¢ qui chiéu

Mudn xé4c dinh duoc vi tri cia mot vt chuyén dong tai mdt thot diém
nao do, ta phai xac dinh khoang céch tur vat do dén vat chon lam mdc dugc
quy uéc 13 dimg yén. Tir d6 ngudi ta dua ra dinh nghia vé hé qui chiéu.

Hé qui chiéu gom:

o Vit chon lam moc gcfn v&i mét hé truc toa dé dé xdac dinh vi tri
cua vat.
o Doéng ho do thoi gian dé xdc dinh thoi gian chuyén dong.

Chuyén dong ctia mot vét chi co tinh chdt twong doi tuy theo hé qui
chiéu duoc chon, dbi v4i hé qui chiéu nay no la chuyén dong, nhung ddi véi
hé qui chiéu khéac no c6 thé 1a dung yén.

Vi du.

M6t hanh khach dimg yén trén mot toa tau nhung vi tau chuyén dong

d6i voi ga nén hanh khach chuyén dong dbi véi nha ga.



1.1.2. Chit diém va hé chat diém

a. Chit diém

Bat ky vat nao trong tu nhién ciing c6 kich thuéc xac dinh. Tuy nhién,
trong nhiéu bai toan ta c6 thé bo qua kich thudc ctia vat duogc khao sat. Khi do
ta c6 khai niém vé chat diém.

Chdt diém la vit cé kich thuéc rat nhé khéng ding ké so véi nhiing
khoang cach, nhitng kich thuoc ma ta khao sat.

Nhu vay, khai niém chat diém chi c¢6 tinh twong doi. Mot vét thé duoc
coi 1a chét diém khong phai do kich thude tuyét d6i cta nd xac dinh ma do ti
s6 giira kich thudc tuyét ddi va kich thude cua bai toan dang khao sat quy
dinh.

Vi du.

Khi xét chuyén dong cua Trai Dat quay quanh Mit Troi ta co thé coi
Trai Dat va Mit troi 14 nhimg chét diém mic du Ryp ~ 6.10°m, Ryr ~ 7.10°m.
Nhung khoang cach nay rat nho so v6i khoang cach gitra tim Mt troi va tim
Trai dét ¢& 1,5.10"'m.

Mit khac, khi nghién ciru sy quay ctia Trai dat quanh tryc ciia no thi ta
khong thé xem Trai dat 1a chat diém.

Khi khao sat chuyén dong ciia vat dugc coi 1a chat diém cé thé bo qua
su van dong tuong ddi v6i cac phan cua vat va su chuyén dong tu quay cia
no.

b. H¢ chit diém

Hé chat diém 1a mét tip hop cac vat thé ma mdi vat thé duoc coi nhu

mot chat diém.

Vat ran 1 hé chat diém trong d6 khoang cach gitra hai chat diém bat ki
trong hé khong thay doi trong sudt qua trinh chuyén dong cua hé.
1.1.3. Phuong trinh chuyén dong ciia chit diém

Phwong trinh chuyén dong la phwong trinh thiét ldp sw phu thudc

quang dwong di dwoc hodc vi tri cua vdt vao thoi gian.



Tuy thudc vao hé toa d6 ma co cac dang phuong trinh chuyén dong
khac nhau.

Phuong trinh chuyén dong trong mot sd hé toa do thudng ding:

a. H¢ toa djp cong

M
Gia st chat diém M chuyén dong +,
trén mdt duong cong (C). Trén (C) ta chon o /"7 )
diém O 1am gdc va mot chiéu duong.
Vi tri chat diém M & thoi diém t bat Hinh 1.1. Hé toa d6 cong

Ki OM = s, v6i s 1a hoanh d6 cong cua M.

Phuong trinh phuong trinh chuyén dong ciia chat diém M trong hé toa
dd cong la: s = s(t). (1.1)
b. H¢ toa dp Descartes

Trong hé toa d6 Descartes vi tri ma chit diém M trong khong gian s&
dugc xac dinh bang vecto OM cé toa dd x, y, z, trong d6 OM 14 vecto ban

kinh ctia chit diém M:
W=;=x;+y}+z%.

Khi chit diém chuyén dong, vi tri M thay ddi theo thoi gian, cac toa do

X, Y, Z cua M Ia cac ham cua thoi gian t:
x=x(1),y = y(), z=z(t),

hay: r=1t) = x(0)i + y(0)] +z(O)k . (1.2)

Céc phuong trinh (1.2) xac dinh vi tri cia chat diém tai thoi diém t
dugc goi 1 phwong trinh chuyén déng cua chit diém.

Vay trong hé toa dj Descartes, phwong trinh chuyén dong la phirong

trinh lién hé giita toa do va thoi gian.
1.1.4. Quy dao va phwong trinh qui dao

OQuy dao ciia chdt diém chuyén déng la dwong cong tao bdi tdp hop tat
ca cdc vi tri cia chat diém trong khéng gian trong suét qud trinh chuyén

dong.



Phuwong trinh qui dao la phwong trinh lién hé giita cdc toa do ciia chdt
diém trén quy dao ciia né.
Pé viét dugc phuong trinh qui dao ta phai khtr bién sb t trong céc
phuong trinh chuyén dong.
Thi du: Phuong trinh chuyén dong cta chat diém co6 dang:
X = acoswt, y=bsinwt, z=0, trong dd a, b, » 1a cac hﬁng $0.
2 2

. , X
Vay phuong trinh qui dao cua chat diém: 2 + % =1va z=01a duong

elip nam trong mit phang xoy véi cac ban truc a, b.

1.2. VAN TOC

Van toc la dai lwong vat ly dac trung cho phuong, chieu, va su nhanh

hay chdm ciia chuyén dong.
1.2.1. Khai niém vén téc

a. Vin téc trung binh
Van tdc trung binh 1 quang duong trung binh chit diém di duoc trong

mot don vi thoi gian.

As

Vy = At.

(1.3)

Van tbc trung binh chi dac trung cho do nhanh cham trung binh cua
chuyén dong trén ca quang duong As. Trén quing duong nay, ndi chung do
nhanh chdm cua chat diém thay ddi tir diém nay dén diém khéc, va khéng
béng Vip.

Vi vy, dé dac trung cho d§ nhanh cham cta chuyén dong tai tung thoi
diém, nguoi ta phai tinh ti s6 As/At trong nhiing khoang thoi gian vo cing nho

At — 0, ta goi d6 1a van tdc tirc thoi.

b. Vin téc tirc thoi

10



Vian tdc tirc thoi (hay van tée ¢ thoi diém t bat ki) ddc trung cho do
nhanh cham cua chuyén dong chit diém & thoi diém t va ¢6 do 1on bﬁng dao

ham bac nhat hoanh d6 cong cua chat diém doéi voi thoi gian.
Van toc v 1a mdt dai lugng dai so:

e Dau cua v xac dinh chiéu chuyén dong: néu v > 0, vat chuyén dong

theo chiéu duong; néu v < 0 vat chuyén dong theo chiéu am.
e D( 16n cua v xac dinh do nhanh hay cham cua chuyén dong tai thoi
diém duoc xét.
c. Vecto vin toc:
Pé dic trung dy du ca vé phuong chiéu va dd nhanh cham cua chuyén

dong nguoi ta dua ra mot vecto goi la vecto van toc.

£ = ., \ A A - N At A

Vecto van toc tai vi tri M la mot vecto v cd6 phuong nam trén ti€p
tuyén vo1 qui dao tai M, chiéu theo chi€u chuyén dong va c6 do 16n bang tri
tuyét doi cua v:

. Hinh 1.2. Véct! v'"n t#c
d. Don vi: m/s

1.2.2. Vecto vén toc trong hé toa dd Descartes

Gia str & thoi diém t vat c6 vi tri xac dinh boi r, & thoi diém t + dt vat

covitri r+dr.

Dé thay: oy ot
dr=ds=MM, v
. r/r+ar
nen:
. dr -
y=—, 15 o)
) (15) ;
trong do: *
Hinh 1.3

r=xi+yj+zk.
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[ d - . - N d
iv=—=—(xityj+zk U, =&
, [~_-dx -dy  -dz i dy
. fv=i—+ j— — 1 =—
Ta co: _:.v T 7 p _:_vy = (1.6)
iv=vi+v,j+v.k i _dz
} Tt °  dt
Pé 16n van toe dwoc tinh theo cong thirc :
- oelx & %Zy@z ol &
2 2 2
V=i +v2+y? = =+ : +o 1.7
S \/gdm &dio &div (L.7)
1.3. GIA TOC

Gia toc la dai lwong vdt ly dac trung cho suw bién thién cia vécto vin

t6c vé cd phirong chiéu va dé om.
1.3.1. Khai niém vecto gia toc

a. Vecto gia téc trung binh

Vecto gia téc trung binh ciia chuyén déng la do bién thién trung binh
ctia vecto van toc trong mot don vi thoi gian.

Gia st mot vat chuyén dong & thoi di€m t c6 vecto van toc Vv, & thoi

diém t+At chét didm c6 vecto van tdc V + AV thi dai luong:

" -

- v —-v Ay
an = =—
Av At

(1.8)
la gia téc trung binh ctia chuyén dong trong khoang thoi gian At.

b. Vecto gia téc tirc thoi

Khi At—0 thi dai luong:
= Av  dv
= 1 —_—= 1-
“ lAl,gol At dt’ (1.9)

g0i 14 vecto gia toc tirc thoi dic trung cho sy bién thién van toc ¢ timg thoi
diém.

* Trong hé toa d§ Descartes:
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[ N 2
cg=Y =L iy T+v K 1 _dvx_dx

: a - ar / ) : “TTa T ar

T- -dv. -dv., —dv i dv, d?

fa=1i X 47 Y k z z — Y = y

: a7 al dt P : YT T d (1.10)
Ta=a.i+ ay} +ak i dv. d*z

- e a

1 Y ar dr?

* Pé 16n ciia gia toc dwoc tinh theo cong thire:
. R0 HryG gl
=.,a’+a’ +a’ = + Aottt .
efia s @B an

d. Don vi: m/s*

1.3.2. Gia toc tiép tuyén va gia toc phap tuyén
Goi ¢ 1a vec to chi phuong ciia van téc.

pv=vi  (f]=1)

b 5= dv _d(vir)

Cdt dt
b a=f® 4,9t
ar " di

Nhu véy, vecto gia toc duoc phan tich thanh hai thanh phan: thanh
A - <A A A - A 17 5 A A d + 1
phan dac trung cho sy bién d61 vé mat do 16n cua vec to van toc (?‘;) goi la

gia téc tiép tuyén, thanh phan dic trung cho su bién doi vé mat phuong chiéu

—

clia vec to van toc (%) g0i 14 gia toc phdp tuyén (hay gia téc hudng tam).

—

Bién dbi v% ta thu duoc:

df _v? -
=—n,

v
dt R

trong d6 n 1a vec to don vi hudng theo phuong phéap tuyén cia quy dao tai

diém dang xét, chiéu hudng vé phan 10m cua quy dao.

13



That vay:

dr_dr 1 ds
p === - =
dt dj ds dt

=i
[J UJ /

b d_f_d_fl(*)
dt di R

trong d6: R 1a ban kinh cong cua quy dao tai diém
dang xét.

L dr o ,
Xeét — la mot vec to co:

dt
- Phuong, chiéu:
d(ty AR S S
dj dj
b dt, ¢
dj

Hinh 1.4

s 32 iy : : dt . R
ma t c6 phuong tiép tuyén voi quy dao, do do Z c6 phuong phap tuyén va c6 chiéu

huéng vé phia 16m cua quy dao (Hinh 1.4).

- Do lon:
Do:

i
e

(*) Cha y trong hinh tron:

cung

b

———— =ban kinh
day cung

- Vay:

1a véc to don vi hudng theo phuong phép tuyén cia quy dao tai diém dang xét, chiéu

hudng vé phia 16m cua quy dao.

b vﬂ L;; )
dt R
(diéu phai chimg minh).
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a. Gia téc tiép tuyén

O gL . , y
Thanh phan q, = %l‘ la vecto gia toc tiép tuyén dac trung cho su bién

thién vé d6 16n ctia vecto vén tdc. Vecto gia toc tiép tuyén co dic diém:
e C6 phuong tring véi tiép tuyén qui dao tai diém dugc xét.
e (6 chiéu la chiéu chuyén dong khi v ting va nguoc lai.
e (6 d6 16n bang do 16n dao ham van tdc theo thoi gian:
dv

atzlg-

b. Gia toc phdp tuyén
\ 2 mMo,20 LA , 1 .k ,
Thanh phan , =~ , la vecto gia toc phap tuyén (hay gia toc huong
R

tam) dac trung cho su bién thién vé phuong, chiéu cta vecto véan toc. Vecto
gia toc phap tuyén c6 dac diém:

e Co phuong trung véi phap tuyén cua qui dao tai diém duogc xét.
e (C6 chiéu hudng vé phia 16m cta qui dao.
e (C6 d6 16n bang:

a=a +a |, 1.12)
trong do:
LI L
0= (1.13)
dt
a=Yn (1.14)
R
Vi:
a”a

(1.15)
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1.4. MOT SO DANG CHUYEN PONG PAC BIET
1.4.1. Chuyén dong thang (a, = 0)
a. Chuyén déng thing déu
Pic diém:
e Chuyén dong thang (hudng van téc khong doi): a, = 0.
e Chuyén dong déu (do 16n van téc khong doi): a;= 0.

b a=0b v=const

ma;
-~ ds
5 =%
dt
nén ta co:
s =vt (1. 16)

b. Chuyén dpng thing bién déi déu
Pic diém:

e Chuyén dong thang: a, = 0.

e Chuyén dong bien doi deu: a, = const.

| A i

P a=a, =const

P a=a, :ﬂ

dt
Pv=v, +at (1.17)
s:sa+vol‘+;at2 (1. 18)

v2 - v2=2as (1.19)
Néu chon chiéu duong trung véi chiéu chuyén dong thi:
e a>0 — chuyén dong nhanh dan déu.
e a<(0— chuyén dong cham dan déu.

1.4.2. Chuyén dong tron

1.4.2.1. Vén toc goc:



a.Vin téc géc trung binh:

Vin téc goc trung binh la géc quay trung binh ciia bdn kinh trong mot

don vi thoi gian.

Gia s trong thoi gian At chat diém chuyén dong duoc quing dudng As
tuong ng v4i goc quay cua ban kinh 1a Ag. Khi d6 van téc goc trung binh

trong khodng thoi gian At la:

A
w, = T(f' (1. 20)

b. Vin téc géc tirc thoi:

. A d
o -limy =g (.21)

Vdn toc géc tire thoi ¢é gid tri bang dao ham ciia géc quay theo thoi

gian.

c. Vecto vidn toc goc

w=—. (1. 22)
Co:
o phirong: nam trén truc ciia vong tron quy dao,

e chiéu: thudn chiéu quay doi voi chiéu chuyén dong,

o dolon:
e |V
dt
d. Don vi: rad/s
e. H¢ qua 1:
v=wUR, (1. 23)
Chtrng minh:
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‘VVUE‘ = uR sin(w, R) = Rw

*VEdolon: v=—=—7""=Rw

* VE phuong chiéu: 3 vec to' v, w, R theo ding thtr ty ludn tao thanh mot tam dién

thuan 3 mat vudng.

Vay:

v=wUR.

f- Hé qua 2:

a, = RW (1. 24)

Ching minh:
2 2
i o, M =RW
R R

1.4.2.2. Gia téc goc

a.Vecto gia toc géc trung binh:

Vin toc goc trung binh la d6 bién thién trung binh ciia vec to vin toc

goc trong mot don vi thoi gian.

— Aw
-_ 1- 2
[))tb Al ( 5)

b. Vecto gia téc géc tirc thoi:

=~ . Ao do
/3):1}’901?6::7? (1. 26)

Vecto gia toc goc co:
e phuong: nam trén truc cua vong tron quy dgo,

e chiéu: ciing chiéu véi wkhi b>0, nguwoc chiéu véi wkhi b<0,

i
dt

e dolon:
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¢. Pon vi: rad’/s

d. H¢ qua:
a =bUR (1. 27)
Chung minh:
‘EUE‘ = bRsin(b,R) = bR
* Ve dolon: 4 =%=%sz
b a,=[bUR

* Vé phuong chiéu: 3 vec to a,, b, R theo dung thtr tu ludn tao thanh mot tam dién
thuan 3 mat vudng.

Vay:
a,=bUR
1.4.3. Chuyén dong ném xién

Gia su vat duoc ném xién vdi van toc ban dau v,. Gia toc chuyén dong
cua vat tai moi thoi diém la:

a=g.
Chon hé truc toa d§ oxy nhu Hinh 5, géc toa do trung voi vi tri bat dau
ném, chiéu duong hudng lén trén.

Ta c0:
T dv, _
F T =0 plvxzcl
| | <
i, =4 fv,= Orgdi=C,- gt
T g g
Tait=0
v, =v,, =v.c0sa _ 1C,=v,.cosa _ 1v, =v,.cosa
1 0 0 bt pl 0
' |

v, =V, =v.sina - 1C, =v,.sina v, =v,.sina- gt

Mat khac
:Ir-vX:ﬁ Tx= Qv dr= Qy,cosadt=C,+v,cosa.t
bi pi
i, = '|1y=C)vydz‘=(\XVOSina-gt)dz‘=C4+vOSina.z‘-igtz
T7Y dr 2
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ix=0_1G,=0
i _Pi._ . —
iy=0 1C=0 > Vo
1727
Vay phuong trinh chuyén dong cta vat .,
, n Py
ném xién: oy o >
o X
]I. X =v,C08a.t Hinh 1.5. Chuy $! "#%g ném xién
i 1, (1.28)

fy =vy,Sina.r - Egt
Rut t trén x thay vao y ta dugc phuong trinh quy dao:

y=-—5———gx’ +tanax (1.29)
2v, .cos”a

Vay quy dao cua chuyén dong ném xién 1a quy dao parabol.
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