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CHUONG 1. CO HQC CHAT PIEM
§1. NHUNG KHAI NIEM CO BAN

1. Chuyén déng va hé qui chiéu

Chuyén dong ctia mot vat 1a sy chuyén doi cua vat do ddi voi cac vét khac trong khong gian va
theo thoi gian. Muon xéac dinh vi tri cia mdt vat trong khong gian ta phai tim khoang cach tur vat trong
khong gian goi 1a hé quy chiéu.

Nhu vy ta thay chuyen dong hay dung yén chi c6 tinh chat twong ddi tuy theo hé quy chiéu ta
chon. Mot vt co thé chuyén dong ddi véi hé quy chiéu nay nhung co thé ding yén v6i hé quy chiéu
khac.

2. Chét diém va hé chét diém

Mot vat duge xem nhu mét chdr diém khi kich thudce cia né nho khong dang ké so véi nhiing
khoang céch, kich thudc ma ta dang khao sat. Nhu vay, viéc xem mot vat co 1a chat di€ém hay khong
phu thudc vao dicu kién bai toan ta nghién ctru.

Tap hop cac chdt diém tao thanh hé chat diém.

3. Phuwong trinh chuyén ddng va phwong trinh quy dao
a. Phurong trinh chuyén déng ciia chat diém
Phuong trinh chuyén dong 1a phuong trinh biéu dién mbi lién h¢ gitra cac toa d6 khong gian va

toa d6 thoi gian. Dé tim vi tri ciia chat diém trong khong gian ta gan vao hé quy chiéu mot hé toa do Bé
cac ba mit vudng tao thanh mot tam dién thuan Oxyz, O goi la gdc toa do. Vi tri ctia chat diém M trong

khong gian dugc xac dinh boi 3 toa do x, y, z cling chinh 1a 3 toa d¢ cua ban kinh véc to OM =r trén
ba tryc toa do. Dé xac dinh thoi gian t ta gin vao hé quy chiéu mot dong hd do thoi gian.

Khi chét diém M chuyen dong, cac toa do x, y, z cia no thay ddi theo thoi giantnghialax, y, z
la cac ham cua t.

x=f(t)
M=|y=g(t) (1.1)
z=h(t)
hodc r=r() (1.2)

Phuong trinh (1.1) hay (1.2) 14 nhiing phwong trinh chuyén dong ciia chat diém M.
b. Phwong trinh quy dao ciia chat diém chuyén déng

‘Tap hop lién ti,ép '[2:;.'[ ca cac vi tri ctia chat diém chuyén dong trong khong gian tao thanh quy dao
chuyén dong cua chat diém. Phuong trinh quy dao cho ta xac dinh dugc quy dao chuyén dong cua chat
diém trong khong gian. Do vay, phuong trinh quy dao 14 phuong trinh biéu dién moi lién h¢ gitra cac
toa do khong gian.

Muédn tim phuong trinh quy dao ta khur tham’sé thoi gian t trong cac phuong trinh chuyén dong,
tim dugc ham so dang tong quat: z = F(x,y). Ham s6 do6 goi la phuong trinh quy dao.

Néu chat diém chuyén dong trong khong gian hai chiéu (trong mit phiang xOy) thi phuong trinh
quy dao c6 dang: y = F(x).
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§2. VECTO VAN TOC. VECTO GIA TOC

1. Vécto van tdc
Q)

Van tbc 1a dai luong dic trung cho phuong, chiéu va sy M ds
nhanh cham cua chuyén dong.

a. Pinh nghia van téc C

Xét chat diém chuyén dong trén duong cong (C) bat ky, A Hinh 1.1
trén (C) chon mot diém lam géc va mdt chiéu duong.

Goi As 1a quing duong chét diém di dugc trong khoang thoi gian At thi ty sb % goi 1a van téc

trung binh cuia chat diém va dugc ky hiéu:
_As
T At

Dé dac trung cho (K) nhanh gham cla chuyén dong tai tung thot diém ta dua ra mot dai lugng goi
1a van toc tlrc thoi (goi tat 1a van toc). Theo dinh nghia:

(1.3)

Vip

. LY oo A NS A cax A Ay »
Khi cho At tién dan t6i 0 thi ty so N gan té1 mot gidi han goi 1a van tdc tirc thoi.

. AS
v=Ilim—
At—0 At
Theo dinh nghia ctia dao ham lim as s do vay v= gs (1.4)
A0 At dt dt

Vay van tc ctia chat diém co gia tri bing dao ham quang duong cua chat diém déi véi thoi gian.
Tir (1.4) ta thiy: Dau cta v xac dinh chiéu chuyén dong
e v >0 chit diém chuyén dong theo chiéu duong cia quy dao.
e V<0 chatdiém chuyén dong theo chiéu nguoc lai.
Tri tuyét dbi cta v xac dinh do nhanh chim cua chuyén dong tai tung thoi diém.
b. Véc to vén téc
Pé dic trung ddy du ca vé phuong, chidu va 6 nhanh chdm cta chét diém chuyén dong ta dwa ra
mot dai lugng goi 1a véc to van tde V.
Theo dinh nghia Vé‘C to van téc tai m@t vi tri M 1a mot véc to vV b phuqng nam trén tiép tuyén
vo1 quy dao tai M, c6 chiéu theo chiéu chuyén dong va co gia tri bang tri tuyét doi cua v.
Dé co thé viét dugc biéu thirc cia v ta dinh nghia mot véc to vi phén cung ds tai diém M trén
quy dao co6 chiéu chuyén dong va c6 d6 16n bang ds (Hinh 1.1), khi d6 ta co.
S U (15)
dt
c. Véc to vin toc trong toa do Pé cdc.
Xét chat diém chuyén dong trén dudng cong bat ky, tai thoi diém t, chat diém & vi tri M tai t' =t
+ dt, chét diém & vi tri M' dugc xac dinh boi ban kinh véce to: OM=r va OM'=r"

Khi dt v6 cing nhé thi MM'=0M'—OM =dr
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c6 do dai W — MM'~ MM =ds

Vi drva ds cung chidunén: dr ~dsv z 4 & M
. S
, ., - dr M
Vay (1.5) ¢6 thé viét: v=— 1.6
ay (1.5) pm (1.6) P -
A A A M \ 5 ’ e z r r+ dr
Vay: Vec to van toc bang dao ham cta ban kinh véc
to theo thoi gian. Hinh chiéu ctia v trén ba truc toa do 1a
Vx, Vy, Vz s€ ¢ gid tri la: 0]
dx d dz g
_ Y.y = w7 x y

X = . WV =—, Vz — .
dt "’ dt dt
D0 16n cua v dugc tinh theo cdng thirc: Hinh 1.2

o 2 dx )’ dy 2 (dz)’
_ | - 122 = - 1.8
V=V, +V+V; \/(dtj + ot + m (1.8)

2. Vécto gia tbc.

Gia toc 1a dai luong dic trung cho sy bién thién ctia véc to van tdc hay noi cach khac 1a dai
luwong dac trung cho sy thay doi trang thai chuyén dong cua chat diém.

a. Dinh nghia:
Véc to gia tdc trung binh: a_ﬂ;
Gia st tai thoi diém t chat diém c6 véc to van toc V-
Gia st tai thoi diém t' cht didm c6 véc to van tée V'

Trong khoang thoi gian: At = t'—t véc to van tbc cua chat diém bién thién mot luong: AV =V —V
Véc to gia tde trung binh c6 gia tri béng d6 bién thién trung binh cda véc to van tbc trong mot
o — AV

don vi thoi gian: ay, = A (1.9)

Dé dic trung cho su bién thién cia véc to van téc ¢ timg thoi diém ta dua ra dai luong véc to gia
toc tire thoi (goi tat 1a véc to gia toc).

AV ) o
Cho At tién dan tdi 0 thi ty so m tén dan to1 mot gidi han, gioi han do6 goi la gia toc tuc thoi:
dv
a=— 1.10
™ (1.10)
hodc: véc to gia tde béng dao ham cua véc to van tdc dbi véi thoi gian.
Trong toa dd Pé — cac 3 thanh phén cua véc to gia tdc theo 3 truc toa do duoc xac dinh nhu sau:
dv, d’x. dv, d?y. dv, d?’z
a'X: =—2’ay= = 2 ,azz = 2
dt dt dt dt dt dt
Do 16n cua gia toc duoc tinh:

d2x)’ d’y * (d2z)
a=.al+a’+a’=
TR \/(dtzj J{dtzl o

(1.11)
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b. Gia toc tiép tuyén va gia toc phdp tuyén

Véc to gia tc dic trung cho sy bién thién cta véc to van tde vé phuong, chiéu va do 16n.

Dé dic trung cho sy bién thién cua véc to vén tbc riéng vé tung mét nao do ta phan tich véc to gia
tdc thanh 2 thanh phan: d6 1a gia toc tiép tuyén va gia toc phap tuyén:

a:at +an (1.12)

C. Thanh phan gia toc tiép tuyén: a,

Pinh nghia: Véc to gia tdc tlep tuyen dic trung cho sy bién thién cua véc to van téc vé do 16m,
véc to ndy co phuong tring voi tiép tuyen ciia quy dao tai diém ta xét. C6 chiéu cing chleu chuyén
dong khi v ting va nguoc chiéu chuyén dong khi v giam c6 d6 16n bang dao ham cia van toc theo thoi
gian:

dv
a, =—
dt

d. Thanh phan gia toc phdp tuyén: a_

(1.13)

Pinh nghia: Véc to gia tdc phap tuyen dic trung cho su bién thién cua véc to van toc vé phuong,
¢6 phuong vudng goc véi quy dao tai diém ta xét. C6 chiéu huéng vao phia 16m cua quy dao c6 do 16n

8, = (1.14)

Chu y: Trong biéu thirc ( 1.14), I}éu ghét dién} chuyén dong tron
thi R 13 ban kinh quy dao tron. Néu chat diém chuyén dong theo dudng M ;:
cong bat ky thi R 1a ban kinh cong cua quy dao tai M tirc la ban kinh :
ctia dudng tron mat tiép vai quy dao tai M (hinh 1.3). \ S
Do 16n clia véc to gia tdc: a

vy (v2)
a=.a’+a’ = (Ej +(E] (1.15)

Ta xét mot sd truong hop dac biét:

Hinh 1.3

an = 0: véc to van toc khong thay doi phuong, chat diém chuyén dong thang.
ar = 0: véc to van tdc khong thay doi chiéu va gia tri, chat diém chuyén dong déu.
a = 0: véc to van toc khong doi vé phurong chiéu va gid tri, chat diém chuyén dong thang déu.
3. Vén tdc va gia toc trong chuyén dong tron
a. Vin toc goc
Xét chat diém chuyén dong trén duong tron tim O ban kinh R trong khoang thoi gian At chat

diém quay duoc goc AB, theo dinh nghia: van téc goc trung binh co gia tri bang goc quay duoc trong
mat don vi thoi gian:

A
ay = (1.16)

A < A A 7. v o A Aa < A A 7. A s 7 s 1x A A r , e .
Néu cho At tién dan téi O thi ty s N tién dan té1 mot gidi han goi 1a van toc goc tirc thoi goi

tat 1a van tdc goc: = lim— 1.17)
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Hay néi cach khac: van tdc goc tirc thoi ¢ gia tri bang dao ham cia goc quay ddi voi thoi gian.
Don vi ciia n6 do bang rad/s.
Chu ky va tan s6 duoc xac dinh nhu sau:

2 l o
® T 27
Ta biéu dién véc to van tdc gbc @ nam trén truc clia vong tron quy dao thuan chiéu dbi véi chiéu
quay chuyén dong va co gia tri bang o (Hinh 1.4)

> &
()]
.>
p
{1 v
1
1
- 1
Khi & giam | >
vp
Khi & gam

Hinh 1.4
Tai mot diém bat ky trén dudng tron van toc dai va gia tbc phéap tuyén lién hé véi van toc goc
duoc xac dinh theo biéu thirc sau:

- — —

V=wAR; v=wR; a= R
b. Gia toc goc
Tuong tu nhu da trinh bay trong phan gia tdc trong chuyén dong tinh tién ta co:

.y —  do
Véc to gia toc goc trung binh: S, = d—i) (1.18)
Véc to gia toc goc tire thoi (goi tat 1a gia tde goc)
— Ao do
=lim.—=—
ﬂtb At—0 At dt

Véc to gia toc goc duge biéu dién trén (hinh 1.4) ¢6 phuong nam trén truc ciia quy dao tron cling
chiéu voi @ khi chuyén dong nhanh dan, nguoc chiéu @ khi chuyén dong chdm dan c6 d6 16n:

B = C(lj_io Don vi clia gia toc 1a rad/s?

Tai mdi diém trén quy dao, gia toc goc va gia toc tiép tuyén lién hé voi nhau theo hé thic:
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§3. MOT SO DANG CHUYEN PONG CO PAC BIET

1. Chuyén dong thing thay d6i déu

a. Cong thirc trong chuyén déng thang thay doi déu
Sau nhitng khoang thdi gian bang nhau vén tdc thay ddi nhitng luong bang nhau:

a= V‘ti = const (1.20)

Suy ra: v, =at+v, ma v, :‘(j_szat +v, =>ds=(at+v,)dt
t

Tich phan 2 vé ta duoc
S t
jds =j (at +v,)dt
0 0

s = %at2 +Vv t (1.21)
Rut ra tir (1.20) thay vao (1.21) ta dugc
V.-V = 2as (1.22)

b. Chuy
Chuyén dong thang déu: a =0
Chuyén dong nhanh dan déu: a = const > 0
Chuyén dong cham dan déu: a = const < 0
2. Chuyén dong tron thay déi déu
a. Cong thirc trong chuyén dong tron thay doi déu
Twong ty nhu chuyén dong thang thay d6i déu
Ta c6: p = const, cong thuc trong chuyén dong tron bién d6i déu:

ﬁ:@ (1.23)
ﬂtz
0= C()Ot +T (124)
o —of =20 (1.25)
.Chuy: = 0 chuyén dong tron déu.
b. Chuy B =0 chuyén & d

B = const > 0 chuyén dong tron nhanh dan déu.
B = const < 0 chuyén dong tron cham dan déu.
3. Chuyén dng véi gia toc khong doi (g = const)
Trong khong gian xung quanh trai dat khong 16n 1am, moi chat diém roi ciing v6i mot gia toc g

hudng thing dimg xudng dudi va c6 gia tri khong doi: 6 = const

Cu thé ta xét bai toan nhu sau:

M6t vién dan duogc bin 1én tir mot diém trén mat dat voi van tde ban dau v o » hop voi phuong
nam ngang mot goc a.

Chon hé truc toa d6 nhu (hinh 1.5), tai thoi diém t vien dan vitri M c6 a=g .
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= X — O A
-7 dt y
Yoodt
Lay nguyén ham ta duoc: .
“=CLwy= -gt+Co vl S
Vi C1 = Vx(t=0) = Vox = VoCOSQL j
C2 = Vy(t=0) = Voy = VoSina g M >
. (O X
Mit khac ta biét: vx = ‘;—)t‘ = VocosaL ”
Hinh 1.5
vy = dy - gt + Vosina
dt
Lai 14y nguyén ham theo t ta duoc:
X = Vot cosa + C3
2
y = Vot sina - % +C4
Chon C3 = X(t=0)= 0, C4 = Y(=0)=0
Ta duoc phuong trinh chuyén dong cta vién dan:
X =V,t.cosa
2 (1.26)
y=V,tsina _ot
2
Tur (1.26) rat t tir x thay vao y ta dugc:
Phuong trinh quy dao: y = —%.XZ +tga.X (1.27)
2v; cos® &
Ta tim thoi gian vién dan bay t6i S va M.
Tai S dinh parabol vy =0
Tu phuong trinh (1.26) ta co: v, :% =V,sina—gt,=0
. 2 qin?2 2
V, sin Vo SIN" 1vgysin2
Suy ra: O L VR i T i (1.28)
g 29 2 9
Tai M (diém tiép dat): ym = 0.Tir phwong trinh chuyén dong ta co:
. ot
Yu = (Vosinalt, - 5 =0
2v sina
Suy ra: ty =—— (1.29)
g

Ti€p theo ta tinh dugc khoang cach tir diém ban dén diém roi cua vién dan:

,
x, =OM = 2x, = oSNz« (1.30)
g
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§4. BA PINH LUAT NIUTON

1. Pinh ludt 1 Newton (nghién ctru trang thai chuyén dong cua vat co 1ap)

Mot chat diém c6 lap né:u dang dimg yén thi sé ditng yén mai mdi, con néu né dang chuyén dong
thi chuyén dong do la thang déu

Suy ra trang thai chuyén dong cia mot chit diém c6 1ap duoc bao toan. Tinh chét bao toan trang
thai con duoc goi 1a quan tinh cta vat

Dinh luat I con goi 1a dinh luat quan tinh.

Hé qui chiéu quan tinh. La hé qui chiéu ma ¢ d6 dinh luat I Niuton dugc nghiém ding.

Mot cach gan dung, khi bo qua anh huong do chuyen dong quay cua Trai Dit quanh Mt Troi va

quay quanh truc riéng cta né thi ta c6 thé coi Hé qui chiéu gin véi Trai Dt 1a hé qui chiéu gan quan
tinh.

2. Pinh luat IT Newton (nghién ciru trang thai chuyén dong ciia vat khong co 1ap)
a. Pinh ludt

Véc to gia toc 3 ciia vit ti 1¢ thudn va cing chiéu véi lwe F tic dung va ti 1¢ nghich véi khoi
lwong cua vit.

Biéu thuc a-t (1.31)
m

hay F=ma (1.32)
b. Hé qua

Néu vat chiu tac dung ctia nhiéu luc thi khi d6 luc F goi 1a lyc tong hop dugc xac dinh theo
nguyén 1y tong hop cac luc

E=F,+F,+F,.F =3F (1.33)

c. Ung dung

Xét chat diém chuﬁyén dong trén duong cong (c) bat ky E
dudi tac dung cta luc F . Tai thoi diém bét ky, gia sir chét \ '
diém & vi tri M, ta phan tich luc F thanh hai thanh phan do

la Iyc tiép tuyén F, va luc phap tuyén khi d6 theo dinh ludt 1T F
Niuton : F=ma
Ta co: Hinh 1.6

IEt =ma, goi la luc tiép tuyén, co tac dung lam thay doi
téc d6 chuyén dong cia vat, Ifn =ma, goi la gia toc hudng tam. Ift c6 tac dung lam thay d6i phuong
chuyén dong cua vat.
C ALK X dv .. LA A . A A A A1z
Gia tOc tiép tuyén a, =E dac trung cho sy bién thién cua véc to van toc vé do 1on.
2

. A , £ Ve . A, A A A
Gia toc phép tuyén a, = R ddc trung cho su bién thién cua véc to van toc vé phuong

Chu ¥: Trong biéu thirc (1.14): néu chéat diém chuyén dong tron thi R 1a ban kinh quy dao tron.
Néu chit diém chuyén dong theo duong cong bat ky thi R 1a ban kinh cong ciia quy dao tai M (ban
kinh ctia dudng tron mat tiép véi quy dao tai M )
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Ta xét mot sb truong hop dac biét:
an = 0 véc to van tdc khong thay doi phuong chit diém chuyén dong thang.
ar = 0 véc to van toc khong thay d6i chiéu va gia tri, chat diém chuyén dong tron déu.
a = 0: Véc to van toc khong ddi vé phuong chiéu va gia tri, chat diém chuyén dong thiang déu..

2 2 2
Do 16n cua véc to gia toe. a = Jai +al = \/( dvj + [V—j (1.34)

dt R

3. Dinh luat 3 Newton (nghién ctru su tuong tac gitra hai vat)
Noi dung: Khi chét diém A tac dung 1én chét diém B mét luc Iq:1 thi chat diém B s& tac dung Ién
chit diém A mot luc luc IEZ. Hai lyc nay cung phuong, ngugc chiéu va co cung do6 lon. Iq:1 =- IE2

Hé qua. Toéng ndi luc twong tac trong mot hé cb 1ap bang 0
F+F+..F=YF=0 (1.35)

4. Cac luc co hgc
Khi vat chuyén dong, giita vat va cac vat lién két (mit san, gia d&, ddy ndi..) ludn c6 cac luc
twong tac goi l1a cac lyc lién két.

a. Luc ma sat
- Luc ma sat nghi. La ma sat kho, xuat hién & mét tiép xac gitra hai vat khong chuyén dong doi
véi nhau. fm = k.N (1.36)
- Luc ma sét truot. Xuét hién khi mot vat (m) trugt trén mat cia mot vat khac (gia do)
fms = l.,lN (137)
- Luc ma sat lan. Xuét hién & mat tiép xuc gitra mot vat lan trén mat cia madt vat khac
, N
fms =u T (138)
- Lyc ma sat nhét. Xuat hién ¢ mit tiép xtc giita hai 10p chat luu (16ng hay nhét) chuyén dong
d6i voi nhau. F.o=—rv (1.39)

m:

b. Luc cang cua day

Khi vat dugc gan vao mét soi ddy ma chiu tadc dung cia ngoai luc, thi day bi cang va tai cac diém
trén day déu xuat hién nhiing luc goi 1a luc cang.
c. Lwe dan hoi

Xuét hién khi mot vat bi bién dang dudi tac dung cta ngoai luc. Lyc nay c6 xu hudng dua vat trd
ve trang thai ban dau.

Fan = - kX. . (1.40)
d. Luc hdp dan
La Iyc tuong tac (hat) gitra hai vt co khdi luong.
m,.m,
rZ
Trong d6 G = 6,67.10 ~** N.m?/kg? 1 hang sé hap dan vil tru

F,=F, =G (1.41)
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§5. PONG LUQONG VA MOMEN PONG LUQNG

1. Thiét 1ap dinh ly dong lwong clia mdt chit diém
a. Dinh nghia dong luong

Gia sit mot chat diém khoi luong m chuyén dong véi van tdc Vv trén mot quy dao nao do. Dai
lvong k=mvV goi 1a véc to dong lugng cia chit diém trén quy dao do.

=> Pong luong cua 1 hé chit diém bang tong dong luong cua cac chat diém trong hé:
— n —
K=k +K, +.c Ky =D K, (1.42)
b. Binh Iy vé déng heong

Tur phuong trinh co ban cia dong luc hoc:

ma=F hay M) ¢ aee g (1.43)
dt dt

Phat biéu dinh 1y: Pao ham dong lwong ciia mot chat diém theo thoi gian cé gid tri bang le (hay tong
hop liec) tac dung lén chdt diém do.
H¢ qua: Tur cong thirc ta cod dk =Fdt
Fdt 1a xung lwong cua lyc tac dung 1én chit diém trong thoi gian vo cung nho dt, dk 1a do bién
thién cua véc to dong lugng trong khodng thoi gian do.
Néu lyc tac dung F thay ddi trong thoi gian tir t1 dén t2 va véc to dong luong cua chit diém thay
ddi tir k, dén K, thi tir biéu thirc l4y tich phan ta dugc
K, b I
[dk =] Fdt hay Ak =k, -k, = [ Fdt (1.44)
ki 4 Y
néu F = cosnt ta duge AK = F(t, —t,)=FAt (1.45)

=>Po bién thién véc to dong luong ciia chit diém chuyén dong co gia tri bang véc to xung luong
cta luc tic dung 1én chat diém trong cting khoang thoi gian twong tGng.
c. Y nghia ciia déng lwong

Vécto dong lugng dic trung cho trang thai chuyén
dong cua vat vé mat dong luc hoc. Xung luong cua lyc dic

trung cho tac dung cua lyc khoang thoi gian tac dung luc.

d. Vi du: Xét qua bong co khdi lugng m chuyén dong t6i va
cham vao mot birc tudng véi van toe vV, theo hudng nghiéng

mot goc a so voi phap tuyén OM cua mit tuong. Coi va cham 13 dan hoi, sau va cham qua béng bat ra
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v6i van tde v, dbi xung véi V, qua phap tuyén OM sao cho vz = vi = v. Xac dinh lyc do tudng tac
dung 1én bong. Goi At 1a thoi gian va cham. Ap dung dinh 1y dong luong ta co:

FAt=m(V, —V,) =mAV .
Do d6 luc F dit tai diém va cham O, hudéng theo phap tuyén OM va song song voi véc to bién thién
van téc AV. Vi vz = vi = v, nén chiéu theo phuong phap tuyén OM cuia mit tudng ta duoc:

FAt=m(v,c0sa — (—V,c0sa))=2mvcosa

Suy ra = 2mvcos o

At
2. Pinh 1y vé mémen dong lwong ciia mot chat diém.
a. Dinh nghia: Xét mot chat diém M c6 khdi lugng m s& chuyén dong vai van toc v trén mot quy dao
(C) nao do ddi voi géc toa d§ O dudi tdc dung cia mdt luc |_f .DPatr= W . Momen dong lugng cua
mot chét diém dbi véi gbe toa do O 13 mot vecto, ky hicu L, duoc xéc dinh nhu sau (hinh 1.7):

Diém dat: tai O —

L
Phuong: Vudng goc véi mat phang chira O va k.
R () k=mv
Chiéu: C6 chiéu thuan d6i véi chiéu quay I sang k = mv o
Do 16n: L =r.k.sina véi o = (F,R) M
Hinh 1.7

L=dk=dmv vé6id=rsina

Dang vec to: L =F A k

b. Dinh Iy,
Theo dinh nghia ta co:
[=rak o9k
dt dt
Trongdo: 9 (¢ n k)= a7 A % hay S ak)=vamvsrad(mm)zosram®
dt di dt dt dt dt
=FAma=FAF=M(F) => di:,\z(ﬁ) (1.46)
dt

=> Pgo ham theo thoi gian ciia mémen dong lwong doi véi diém O ciia mét chit diém chuyén dong

bang tong momen doi voi diem O cua cac lyc tac dung lén chat diém.
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C. Hé qua. Néu chat diém ludn ludn chiu tac dung bai mot lic xuyén tam thi:

dr

M(ﬁ)zO—)E:O—H::COnSt (1.47)
Vi L ludn luon vudng goc voi mit phing chira 0 va k=mv nén 4 C
chit diém M luén lu6n chuyén dong trong 1 mit phang ¢ dinh. ! S
1)

Doi voi chuyén dong tron.

L=rk=dmv=rm. re=mr?.o

Pitmr’=1->L=lo

I goi 1a mémen quan tinh cua chat diém d6i v6i diém O. Vi @ Hinh 1.8
cung chiéu L nén L =

dL_d
Do d6 —=—(lw)=M 1.48
o do il )= (1.48)

Poi véi chuyén dong bat ky.

Ta c6 momen dong luong L=F A K . Khi biéu dién thong qua cac tryc toa do thi ta co

L=l +JL, +kL, véiL= L2 +L2+L2 (1.49)

Tuong ty do1 vé1 moémen luc ta co

M =TM ,+ M, +kM, v6iM = \[MZ+M?Z + M? (1.50)

86. NGUYEN Li TUONG DPOI GALILE - PHEP BIEN DPOI GALILE

1. Tong hop vin tbc, gia toc

Xét hai hé qui chiéu Oxyz va O’x’y’z’. Hé O dimg yén,
hé O’ chuyén dong doi véi hé O sao cho O’x’ truot doc theo
truc Ox, con O’y’ song song, cung chiéu véi Oy va con O’z
song song, cung chiéu véi Oz..

Chon géc thoi gian tai thoi diém hé O va hé O’ trung
nhau. Xét chat diém M chuyén dong trén dudng cong (c), toa
d6 ctia chat diém M ¢ mot thoi diém bat ky trong hai hé toa z
doOlax,y,z tvatrongh¢ O'vax’,y’,z’, t’ Hinh 1.9

a. Quan niém vé khéng gian, thoi gian trong co hoc cé dién
Thoi gian c6 tinh tuyét dbi, khong phu thugc vao hé
qui chiéu
t=t.

12
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Vi tri khong gian c6 tinh tuong ddi, phu thudc vao hé qui chiéu.
x=X'+00'
Khoang khong gian c6 tinh tuyét ddi (kich thudc cua vat), khong phu thude vao hé qui chiéu:
1=r
b. Tong hop vin téc va gia toc
O thoi diém bat ky vi tri ciia chat diém M trong hai hé qui chiéu O va O’ duoc xac dinh boi cac
véc to OM=F va OM'=F". Ta c6 h¢ thirc:
F=F+R (1.51)

Lay dao ham theo thoi gian hai vé ta dugc: ﬂ =d—r +d—R = d—r +d—R
dt dt dt dt' dt

Ta duoc cong thirc tong hop van tdc: V=V'+V (1.52)

Lay dao ham theo thoi gian hai vé ta duoc: v = Ll + d_V :ﬁ + d_V
d dt dt dt" dt
Ta duoc cong thirc tong hop gia tc: a=a+A (1.53)
2. Nguyén li twong ddi Galié
Noi dung: Moi hién tiwong co hoc déu dién nhw nhau trong cac hé qui chiéu qudn tinh khac nhau.
Hé qua: Ta c¢6 cac cach phat biéu twong dwong.

Moi hé qui chiéu chuyén dong thcfng déu doi véi mot hé qui chiéu quan tinh ciing la mot hé qui
chiéu quan tinh

Cac dinh luat Niuton dwoc nghiém dung trong cac hé qui chiéu dong lhcfng déu doi véi mot hé
qui chiéu quan tinh

3. Phép bién d6i Galié
Xét hai hé toa d6 Oxyz (hé O) va O'x'y'z’ (hé O') trong d6 hé O ding yén con hé O' thi chuyén

dong thang déu ddi voi hé O véi van toc V' sao cho O'x' trugt doc theo Ox con O'y' va O'z' lan luot
song song va cung chiéu doi vdi Oy va Oz.

Xét diém M bat ky. Goi x)y, ztvax'y' z't' lan luot 1a toa do khong gian, thoi gian cia M trong
hé¢ Ova O'

Khi do: x =x'+ %,y:y',Z:Z'Vét:t’

Néu tai t =0 ma O' tring véi O thi x =x'+ V.t Nguoc lai X'=x-V.t
y=y y=y
z=127 z=7 (1.54)
t=t t=t

Céc cong thirc (1.54) goi 1a phép bién d6i Galile.
4. Hé qui chiéu khong quan tinh. Lyc quén tinh
a. Hé qui chiéu khéng quan tinh
La hé qui chiéu chuyén dong cé gia tc ddi véi hé qui chiéu quan tinh.
b. Luc quan tinh
Theo cong thic cong gia tdc ta co:
d=4a'+ A—md=ma+mA— ma'=ma + (— mA)
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Vi O 14 hé qui chiéu quéan tinh nén: Ma = F =>ma=F + (— mA)

3
>

Dit : Fo=— (1.55)

—

F,. 2oi la lyc quan tinh,

it
T
|

ta duoc:

+ Fy

Dic diém cua luc quan tinh:
Luc quéan tinh chi quan sat dugc trong hé qui chiéu khong quan tinh.
Luc quéan tinh luén ludn ciing phuong, nguoc chiéu voi gia tbe cia hé qui chiéu khong quén tinh.

c. Ung dung ciia lwc quan tinh

Luc quan tinh dugc dung dé giai thich mot s6 hién tuong nhu:

Hién tugng ting trong lugng, giam trong luong clia con ngudi trong con tau vil try lac xuat phat,
lac tré vé Trai dat.

Hién tuong nga vé phia true hay phia sau cia mot nguoi ngdi trong 6 t6 1ac xuat phat hay giam

phanh dot ngot .

CHUONG 2. HE CHAT PIEM VA VAT RAN.
§1. KHOI TAM. PHUONG TRINH CHUYEN PONG CUA KHOI TAM.

1. Pinh nghia khdi tim
Khéi tam ciia hé chat diém Mi,Ma...Mn lan luot ¢6 khoi lwong mi,ma....My la mot diem G dwoc
xac dinh theo dang thurc:

imi.lvTG =0 (2.1)

2. Cong thirc toa dd khéi tam
Péi véi 1 gbe O bit ky ta ludn c6 : 1
0G =OM, + M,G (@)
Lin lwot n}lén mg, Mz....Mn vGi 2 vé cua
phuong trinh (a) 161 cong vé doi ve sé co:

(imi)o_e’ = imioT/li+ Zn:mi.M—iG (b)

Thay (2.1) vao (b) vachiy OM, =T, tacdtoa
d6 khdi tam G 1a:
Z mr

R, =0G = (2.2)

zn:m z Hinh 2.1

L

Chu ¥ 3 toa d0 Xe, Yo, Zc 1a cua khdi tim G; xi, i, zi 1a 3 toa do cua chét diém M;, trong d6 r, =

F = OM, (x,y,z,) 1a ban kinh vécto x4c dinh chit diém M; thi tir (2.2) ta con c6:
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n n n

Zmixi Zmiyi Zmizi
Xe=t—— Yo = —Zg=——. 23)
Zmi zmi Zmi
i=1 i=1 i=1

Khi vat rin c6 khdi luong phan b lién tuc co thé tim toa do khéi tAm theo cac cong thire tich
phan:

jdm.x Idm.y Idm.z

XG=CVM ,YG: C.VM ’ZG: M

(2.3)

Vé6i M 1a khdi lwong cua vit.
3. Van tbc, gia toc, phwong trinh chuyén dong ciia khoi tim G

. , r - -
Pao ham bac nhat theo thoi gian dang thirc (2.2) va luu y mi. % = m\V, la dong lugng Kk, cta

> my

chitdiemmi, taco: Vg =% =

he (24)

=1 i=1

Tir ddy o thé noi : tong dong luong ciia hé Rhe thi bang dong luong cua 1 chat diém dit tai G co
khéi luong bang tong khbi luong toan hé, ¢é van tdc bang van tdc khdi tam :

Kne=(D.m,) Vg (2.5)
i=1
Dao ham bac hai theo thoi gian dang thirc (2.4) ta dugc biéu thirc gia toc khdi tam:
o am S S
g, =Ve A3 0t _ g (2.6)
dt
Sno S
i=1 i=1
hay (> m)a; =>F =F
i1 i1
Vay phuong trinh chuyén dong ciia khéi tam ¢6 dang: F = Ma (2.7)

Phuong trinh (2.7) cho thdy: Khéi tim G chuyén dong nhu mot chat diém co khéi lugng bang
tong khoi lugng toan h¢ va chiu tac dung ciia mét lyc bang tong cac ngoai lyc tac dung 1én hé.

§2. BAO TOAN PONG LUQONG
1. Pinh luét bao toan dong lweng cho hé chit diém
Theo dinh 1y dong lugng: %(myl +mV, +--+mV )=F
Néu hé ¢ 1ap (tong ngoai luc F=0 ) thi tong dong lwong cuia hé khong doi:

(mV, +mV, +---+mV, )= K, = const (2.8)

Ngudi ta phat biéu dinh luat: Tong dong luong cta hé c6 1ap duoc bao toan.
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- K,

Ta biét cong thirc van toc khoi tdm cta h¢ nay la: Vo = &

m.

M-

L

Vay khoi tam cia hé cé ldp hodc ding yén hodc chuyén dong thang déu.

Tur dinh 1y dong luong (a) ta con co %(Z mV,,)=Fy.
i=1l

Néu h¢ khong ¢ 1ap ( F #0) nhung hinh chié}l ctia tong hop ngoai lyc 1én mot phuong y nio do
luén ludn bang khong (Fy = 0) thi hinh chiéu cua tong dong lugng ctia h¢ 1én phuong y do dugc bao
toan.

2. Chuyén dong phan luc, cong thire Xidoncopxki

Vit dimg yén néu phut vé phia sau mot luong khi thi vat sé tién 1én phia trude. Do la két qua cua
dinh luat bao toan dong luong. Chuyén dong nho phut lai phia sau mét phan khoi lu(_mg de tién 1én phia
trude goi la chuyén dong phan luc. C6 mdt ong gido gia nguoi Nga la Xidncdpxki rat say mé nghién
ctru chuyén dong phan luc. Dudi day la cach tim céng thirc tinh véan toc cta tén lira chuyén dong phan
luc mang tén 6ng.

Gia thiét Mo 1a kh6i luong tong cong ban dau cia tén lra. Khi chuyen dong, do phut khi ra phia
sau nén khéi luong tén ltra giam dan va van toc tén ltra ting dan. Tai thoi diém t, gia st dong luong cua

tén ltra la: K, =MV
Qua khodang thoi gian rat nho dt, luong khi phut vé phia sau c6 khdi lugng dM. Néu van tée phut
khi dbi voi tén lira 13 G thi van téc phut khi dbi véi nguoi quan sat trén mat dat phai la V +0 va dong
lwong khi phut s& 1& dMi( V +0 ). Sau khi phut khi khéi lwong tén lira 1a M + dM va van tdc ting
thanh V +dV . Do khéi lugng tén lira giam nén dM =-dM; (dM< 0). Pong luong tén lira sau khi phut
khi 1a (M+dM)( V +dV ). Pong lugng toan co hé sau khi phut khi 1a:
K, =dM,(V +T)+M+dM)( V +dV)
Gia sir khong c6 thanh phan ngoai luc theo phuong chuyén dong, theo dinh luét bao toan dong
luong thi: K, =K,
hay (-dM)( V +0)+(M+dM)( V +dV ) =MV .
B6 qua tich hai vo cung bé (-dM).(d V) ta con lai:
-dM.V - GdM + MV +dM V +M dV =MV .
hay MdV = GdM
Vi cac véc to cung phuong, nguoc chiéu nén M.dV= -u.dM.

Do d6 dv=-yIM
M

Lay tich phan ta co: J.dV =|-u Ve
0

b “f dM
Mo
Vay vén toc tén ltra tai thoi diém t1a
M
V=u.ln—2 (2.9)
M

Cong thirc (2.9) goi la cong thire Xi6ncopxki. RS rang van tdc phut khi u cang 16n va ty sb khéi
luong M/Mp cang 16n thi van toc tén Itra s€ 16n.
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§3. MOMEN PONG LUQNG. PINH LY MOMEN PONG LUQNG.

1. MOmen dong luwong

Goi Ei =T, x mi\7i la mdmen dong luong chat diém thir i dbi hé quy chiéu gdc O thi mémen dong
luong cua hé ddi véi O 1a téng cac momen dong lugng cua cac chit diém cua hé dbi véi O:

L= "L (2.10)

i=1
C6 2 truong hop dic biét can chi ¥ :
* Hé quay quanh 1 truc ¢b dinh A: Khi do L, = I,@, nén:

L=>" 1, (2.11)
i=1

* Néu vat ran quay quanh truc c6 dinh A thi @, = @,,, nén:

L=1d,, (2.12)

2. Pinh Iy mémen ddng lwong ciia hé chit diém
i A e 43k ~,d|:i = =N A . ndl: noo.oo
V61 mét chat diém ta da co T M, (F;) nén véi co hé ZE M, (F)
i=1 i=1

Sau khi dua ddu dao ham ra khoi tong ta co

%E:ZMO(E) = M (2.13)

i=1

Phét biéu: Pao ham mémen dong lwong ciia co hé theo thoi gian bang tong mémen cdc ngoai lyc
tac dung lén hé (doi voi mot goc O bat ky).
t
Nhan xét: Néu goi I Mdt 1a xung lugng ciia momen lyc trong khoang thoi gian t2 - tg thi

4

do bién thién cua mémen dong lugng cling bang xung luong ctia moémen lyc:

L, t, t,
[dL = [Mdt hay AL = [ Mdt (2.14)
L t t
3. Pinh luat biao toan mémen dong lwgng cia co hé
Theo (2.13) néu M = 0 (khi hé c6 1ap > F, =0 va ca khi hé khong c6 lap nhung M = 0) thi
i=1

—_—

L = const

Phét biéu: Tong mémen cac ngoai luc tdc dung 1én hé doi véi mot géc O ma bang 0 thi mé men
dong lwong cua co hé doi voi O la mot dai lwong bao toan.
Nhan xét:

n
Néu co hé quay quanh mot truc c6 dinh thi z l,0, = const
i=1
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4. Mot vi du rng dung dinh luat bao toan mémen dong luwong

Ta chi xét con quay co truc quay tu do. Truc con quay
dugc treo trong mot khung dac biét gdbm co nhiéu vanh cac-
dang 1ong vao nhau. Truc A A' gin véi vanh 1, truc BB' gén
vo1 vanh 2, truc CC' gén vao vanh 3 ¢6 dinh. Nhu thé khdi
tdm cua ca hé la tdim cua con quay. Nho cach treo do (hinh
2.2) ma trong lyc dat vao tdm con quay s€ tri€t tiéu vdi cac
phan lyec. Téng moémen cac ngoai lyc triét tiéu nén momen

I Vanh 3

dong luong bao toan ca do 16n va huéng. Huéng cia L ciing
chinh 1a hudng cia tryc con quay nén tryc con quay s€ co
huéng cb dinh. Nguoi ta dung con quay nay lam la ban cho
tau bién hay tau vii tru. Vi du ban dau cho con quay quay voi
van téc goc @ khong ddi va hudng truc cua con quay theo
hudng Béc - Nam thi trong sudt qua trinh tau chay truc cta
con quay van chi huéng Béc - Nam ma thoi.

Hinh 2.2

§4. PHUONG TRINH CHUYEN PONG CUA VAT RAN

1. Vét rin va chuyén dong phirc tap ciia vat ran

Vit ran 1a mot hé chat diém trong d6 khoang cach gira cac chat diém luén ludn khong d6i. Moi
bai toan chuyén dong phtre tap cia vat ran déu c6 thé nghién ctru dua trén hai dang chuyén dong co ban
1a chuyén dong tinh tién va chuyén dong quay. Chuyén dong thuc cta vat ran chinh 1a sy tong hop céac
ket qua thu duoc tir hai chuyén dong trén.
2. Chuyén dong tinh tién

Khi vat rin chuyén dong tinh tién, véc to van toc, gia tdc cuia moi chat diém nhu nhau. Vay van
toc va gia toc cua khoi tdm ciing chinh 14 cac van toc, gia toc cia moi chat dieém bat ky thude vat ran.
Thanh ra khi khdo sat chuyén dong tinh tién cua vat ran ta chi can xét chuyén dong cta khoi tdm ctuia nd
la du. Phuong trinh chuyén dong tinh tién cta vat ran cling la phuong trinh chuyén dong cia khoi tam
(2.7) cta vatran .
3. Chuyén dong quay

Khi vat rin quay xung quanh mot truc quay A cd dinh, can
chu y céac tinh chat dong luc hoc sau day cua vat:

a. Moi diém cua vat vach ra cac quy dao 1a dudng tron c6
tam nam trén truc quay A.

b. Trong cing mot khoang thdi gian moi diém cua vat déu
quay dugc cung mét goc 6 nhu nhau.

c. Tai mot thoi diém, moi diém cua vat co van toc goc

@
va gia tdc goc ,B D6 ciing 1a van toc goc @ va gia tdc goc ,B
clia vat ran.
d. Tai thoi diém bat ky véc to van tdc dai va gia tdc tiép
tuyén ctia mot diém cach truc A mot doan r ¢6 biéu thirc:

— - —_— — -

V= onr a, = OAT

Hinh 2.3
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4. Momen ngoai luc
a. Tdc dung ciia ngoai liee (luc) trong chuyén déng quay

Gia st F 1a lyc dat tai M 1am quay vat ran quanh truc A. Néu phan tich F = Ifl + IE2 ma If1
vudng goc vai truc A con If2 song song vai truc A thi If2 khéng gy ra chuyén dong quay, chi lam
truot vat theo truc quay ma thoi. Lai phan tich Ifl = Ift + Ifn s thdy thanh phan phéap tuyén ciing khong
giy ra chuyén dong quay ma 1am vat doi khoi truc quay .Ta gia thiét vat ran chi quay xung quanh truc
A ¢b dinh nén IE2 & Ifn khong gay ra sy x€& dich nao ma ching bi tri¢t ti€u vdi cac phan luc lién két.
Vay chi ¢ thanh phan lyc tiép tuyén véi quy dao chuyén dong méi co tac dung lam quay vat quanh

truc A. Dé don gian hoa van dé nén trong chuyén dong quay xung quanh mét truc ¢ dinh cta vat ran ta
chi coi cac luc tac dung 1én vat la luc tiep tuyén.

b. Mmen lyc doi véi truc quay
Moémen cua luc IEt ddi véi truc quay A la mdt véc to M duoc xac dinh b?mg biéu thuc:

M =FxF, (2.15)
Phuong ciia M vudng goc véi mit phang chia T & IEt nén phuong cia M 13 phuong cua truc
quay, chiéu cia M 14 thuan ddi v6i hudng quay tir F sang Ift . V& d6 16n ta c6 M=Fx. 1.

Ta cén chu v réng momen luc s€ triét tiéu khi véc to luc va truc quay nam trong cung mot mat
phang. Mat khac khi n6i mémen luc doi voi truc quay hay mémen luc doi véi dieém O (O 1a giao diém

cua truc quay v6i mat phing tao boi F & F,) thi cling nhu nhau.

5. Phwong trinh co ban ciia vat rin quay quanh truc A c6 dinh
Goi Mi 1a chat diém bat ky c6 khoi lugng mj cach truc quay mot doan 1a ri c6 mdmen quan tinh la
li = mi.ri? . Khi Mj chuyén dong tron quanh truc A thi c6 mémen dong luong la:

I, =m,.r’e

Momen dong lugng cua vat ran véi truc quay c¢d dinh sé 1a;
n
L=>1=>m.r’a.
i=1

Pao ham theo thoi gian mdmen dong lugng ciia vat ta co:

o_, do
dt  dt
hay M =153 (2.16)

n
o day 1 :Z m, .ri2 la m6 men quén tinh cua vat. Néu vat ran la
i=1
hé chit diém phan bd lién tuc thi moémen quén tinh cua vat ddi
vai truc quay duogc tinh theo tich phan sau:

— 2
= Jr*.dm (2.17) Hinh 2.4

hoac : =

B M% (2.18)

Viy, gia tbc goc cua vat rin quay quanh mét truc ¢d dinh ty 1& thuan véi tong hop momen céc
ngoai luc doi voi truc va ty 1€ nghich vdi mémen quén tinh doi voi truc.

19



Bai giang Vat ly 1 Nam hoc 2015 - 2016

Trong chuyén dong quay, su bao toan trang thai chuyén dong ctia chat diém khong chi phu thudc
khéi lwong ma con phu thudc vao khoang cach tir né dén truc quay.Vay trong chuyén dong tinh tién
khéi lwong 14 thudc do mirc quan tinh, con trong chuyén dong quay chinh mémen quan tinh méi 1a
thudc do quén tinh cua vat.

6. Tinh mdmen quan tinh A
(0]

dx
2,

Thi du 1. Tinh mémen quan tinh | ciia thanh déng chat chiéu
dai 1, khdi luong M déi véi truc Ao di qua trung diém G cua thanh
va vuéng goc voi thanh (hinh 2.5).

|
Ta ¢c6 mé men quan tinh dI ciia mot phan tir dai dx, khéi
luong dm nam cach G mot doan x: dI= x2dm. Vi déng chit nén i
khoi lrgng moi doan dai trén thanh ty 1¢ thuan véi d6 dai doan do

«— [ 9 —

dm  dx Hinh 2.5

M
hay dm=—dx.
Ml i I

Tu d6 dI:¥x2dx . dx

Theo (2.17), mGmen quén tinh I ctia thanh dong chét dbi vai truc Ao
|
iM MI?
I= |dl = [—x*dx =—— 2.19
Jor=13 2 219

2
Thidu 2: Tinh mémen quan tinh cta hinh try tron dong chat
ban kinh R khéi lugng M ddi véi truc Ao ctia try (hinh 2.6). Chia tru
thanh nhiing 16p try mong ban kinh x, bé rong dx, dién tich day
dS=d(mx?)=2mxdx. Néu xét mot 16p tru c6 khdi lwong dm, bao gom
cac diém cung cach Ao 1 doan x, s& c6 mémen quan tinh

dl= x2dm.

Hinh 2.6
Ao

Vi tru ddng chét nén khéi lugng cita méi 16p tru ty 18 voi dién tich day 16p: dﬁm _ :RSZ _ ZRXSX . Do do

dm :ZR—'\g.XdX va dl = ZR—'\f.Xs.dX. Mo men quan tinh I cia try tron ddi véi Ao s& 1a:

R RZ
I-Idl i‘?x dx==—" (2.20)

Chuy:

1. Dung cong thirc (2.17) ¢6 thé tinh dwrgc mé men qudn tinh doi véi truc quay doi ximg Ao cho

vanh tron, khoi cau dong chdt, mdt chit nhdt dong chdt canh a, b twong ing véi cdc cong thire
| =MR% | = gMRZVE‘:I = iM(a2 +b?).
5 12

2. MOmen quan tinh cua vt doi véi truc A song song voi Ao va cach Ao mot doan d duwoc tinh

theo cong thirc cua dinh ly Sténe-Huyghen (xem chung minh trong giao trinh VLDC I):

l4= lao + Md? (2.21)
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CHUONG 3. NANG LUQNG
§1. CONG VA CONG SUAT

1. Pinh nghia cong va biéu thirc ciia cong trong chuyén dong tinh tién

=

Khéi niém cong da c6 trong thyuc té, khi ta kéo mot gau nudc hay ddy
mot toa xe, ta ndi da sinh ra mot cong, nghia la ta da tac dung Ién géu nudc
hodc xe mot lyc va luc d6 sinh ra cong: cuong do luc cang lon, chuyén doi
cang dai thi cdng sinh ra cang 16n.

>
VM,

S
=

w

Viy ta ndi rang: mot luc sinh cong khi diém dit ctia né chuyén doi. Hinh 3.1
, b e « R - 5 I3 A In\ : A <
Pinh nghia: Gia thiét c6 mot luc F khong doi, di€ém dat cua né chuyén doi mot doan thang

—_—

MM =S . Theo dinh nghia, cong A do luc F sinhra trong chuyén doi MM 1a dai lwong c6 tri sb
cho béi: A=F.MM".cos(F,MM")

A=Fscosa(a=F.MM) (3.1)

hay: A=F.s (3.2)

Ta nhan thay Fcoso. chinh 1a hinh chiéu Fs cta F lén phuong chuyén doi nén ta ciing c6 thé viét:
A=Fss (3.3)

Theo dinh nghia (3.3), (3.4) cong A do luc F sinh ra 1a mot dai lugng vo hudng: A > 0 khi o

nhon, ta néi luc F sinh cong phat dong; A < 0 khi o tu, ta noi luc F sinh cong can. Pac biét o = % :

nghia 1a khi luc F vuodng goc v6i phuong chuyén doi, cong A do luc sinh ra s& bang 0.

Dinh nghia trén chi img dung cho luc F khong d6i va chuyén doi s 1a thang. Trong truong hop
tong quat diém dat cia luc F chuyén doi trén mot duong cong tir C dén D, trong qué trinh d6 luc F

thay ddi (hinh 3.2). Dé tinh cong trong trudng hop nay ta chia cho mdi doan chuyén doi MM = ds
c6 thé coi nhu thang va trén mdi doan chuyén vo cting nho ds c6 thé tinh duoc bang cong thirc dinh
nghia:
dA=F.ds
Cong dA goi 1a cong nguyén té hay cong vi phan. Cong tong cong A
cua F trong chuyén doi CD s€ bang tich phan ctia DA tir C dén D:

A= [dA=[Fds (3.4)
cb cp Hinh 3.2

2. Cong suat

Khi xét sttc manh ctia mot may, dung khai niém cong chua d, vi rd rang néu hai may cing sinh
mot cong thi may nao thuc hién cong dé trong thoi gian it hon s€ manh hon. Do dé ta dua ra khai niém
cong suat dé dac trung cho strc manh cua cac may.

Gia thiét trong khoang thoi gian At, mot lyc nao d6 sinh cong AA. Theo dinh nghia, ty so:

AA

Ptb :E (3-5)

goi 1 cong suat trung binh cua luc d6 trong khoang thoi gian At. V& mit ¥ nghia, céng sut trung binh
c6 gia tri bang cong trung binh cda luc sinh ra trong don vi thoi gian.
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Pé tinh cong sudt tai thoi diém, ta cho At — 0. Gi6i han cta i—':\ khi At — 0, theo dinh nghia goi la

cong sudt tirc thoi (goi tdt la cong sudt) cua luc, duge ky hidu 1a:
dA

. AA
P=Ilim—. Hay P=— 3.6
At—0 At y dt ( )

Céng sudt c6 gid tri bang dao ham ciia cong theo thoi gian. Theo (3.4) ta c6: dA= F.ds

—_—

Vay: P= E.% Tasuyra: P= Fv (3.7)

Céng sudt bang tich vé hwéng cia e tde dung véi vecto vin toc ciia chuyén doi.

3. Cong va cong suit ciia lyc tac dung trong chuyén dong quay
A

Trong truong hop mot vat ran quay xung quanh mdt truc A cac

luc tac dung déu 1a lyc tiép tuyén. Cong vi phan ctia mot luc tiép
tuyén Ft cho boi: dA = Fuds (ta gid sit Ft hudng theo chiéu chuyén
dong).

Nhung ds = rda, do 1a goc quay tng v6i chuyén doi ds
vay dA = rFda .

Theo dinh nghia rFt = Mda (3.8)
Tir d6 c6 thé suy ra biéu thirc ctia cong suét:
p-A_M9% oy P-M o (3.9)
e dt Hinh 3.3

§2. PONG NANG
1. Pinh ly dong ning cho mét chat diém
a. Dinh nghia

Mot chét diém c6 khdi luong quan tinh 1a m (kg); dang chuyén dong véi van toc 1a v (m/s) thi
dong nang clia chat diém tai thoi diém Ay 1a:

W, :%mvz [kgm?/s? ]=[Jun] (3.10)

Pong ning 1a phan co ning twong ing véi sy chuyén dong cia chat diém. Mudn xac dinh biéu
thirc ciia dong nang ta hay tinh cong cua ngoai luc tac dung Ién chat diém.

b. Binh ly dong nang r v
’ 5 , S
Xét mot chat diém khoi luong m, chiu tdc dung ctia mot luc N
F,va chuyén doi tur vi tri 1 sang vi tri 2 (hinh 3.4). Céng cua lyc M m
F trong chuyén doi tir 1 sang 2 1a: g
Hinh 3.4
@_ I dv
A= [Fds Nhung: F=ma=m—
& dt
(2) —’ (2) dS .
Thay vao biéu thirc cia A: A= m—d = |m—.dv;
v VAo Diet TiHe o J dt Jm dt

@ @
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D ds v
o: —=
dt
@ . . @ (5 @ my?
nén A= jmvdv_jmd , Hay: A= Id
2 2
(@) (€] @
véi vi va V2 13 van toc cua chit diém tai cac vi tri 1 va 2. Thue hién phép tinh tich phan ta duogc:
2 2
mv, my,
—=—-——==A 3.11
> > (3.11)
Theo (3.11) cong A c6 tri s6 bang do bién thién co ning (¢ ddy la déng nang). Viy ta c6 thé dinh
mv
nghia: T = dong nang chit diém tai vi tri 1 = Wa;
mv
T = dong nang chét diém tai vi tri 2 = Wao;
Tdng quat biéu thirc dong ning cua chét diém c6 khéi luong m véan tdc v cho bai:
2
mv
W, = (3.12)
2
Phuong trinh (3.11) thanh:  Wa - Wa = A (3.13)

Dinh 1y vé dong nang: P¢ bién thién dong nang cua mot chat diém trong mét quang dwong ndo
d6 cé gid tri bang céng ciia ngoai lic tc dung 1én chat diém sinh ra trong quéng dwong do.

Két qua khi dong nang ctia mot vat giam thi ngoai lyc tdc dung l1én vat sinh mot cong can; nhu
thé nghia la vat do tdc dung 1én vat khac moét luc va luc do6 sinh cong duong. Thi du trong qué trinh mot
vién dan xuyén vao tudng, lyc ctia dan da sinh mot cong co tri s6 bang d giam dong nang cua dan.

2. Pong niang trong treong hop vat rin quay
Phu’ong trinh biéu thi dinh 1y vé dong nang trén day ap dung dbi voi mot chat diém hay mot vat

rin chuyen dong tinh tién. Poi véi mot vat ran quay xung quanh mot truc A, phuong trinh biéu thi dinh
1y vé dong nang c6 mot dang khac.

Trong di chuyén quay xung quanh mét truc, biéu thirc ctia cong vi phan:
dA=F.ds = M.dart

Theo phuong trinh co ban ctia chuyén dong quay:

—  do do
M=Il— Vi dA=1— @dt
a0 dt
- o°
nghia la : dA=lodo=1d >

2
dA = Id (“’—j
2

Tich phan hai vé trong mot khoang thdi gian hitu han, trong d6 vén tc goc o bién thién tir o1
dén wy, ta dugc cong cua cac ngoai luc tac dung 1€n vat ran quay trong khodng thoi gian ay bang:

lw?  |w?
A=—"2__2L 3.14
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Ta suy ra biéu thic sau cua dong ning cua vat rin quay:
|
W, = - (3.15)

Cha thich: Trong truong hop téng quat, chat diém vira quay vura tinh tién, dong nang toan phan
ctia chat diém bang tong dong ning quay va dong ning tinh tién:

1 1
W, ==mv? + =l o? 316

T nm‘ng hop riéng : Vat ran dbi xtng tron xoay lin khong truot; khi d6 vén tdc tinh tién lién hé
v6i van toe quay boi hé thirc v = Rw v6i R la ban kinh tiét dién vat ran (¢ diém tzep xiic véi mdt phang
trén dé vit ran lan khéng truot). Vay ta c6 thé viét biéu thirc dong ning toan phan:

1 |
W, == m+— |V? 17

3. Pong ning caa co hé gom n chat diém hodc vat rian bat ky
Trudng hop c6 nhiéu chat diém (hodc nhiéu vir), mdi chat diém (hodc vdr) c6 khdi lwong mi
dang chuyén dong vdi van toc vi, dang quay véi van toc goc i thi dong nang tuong ing:

(\Nd)i:; VW), = m ! thi dong ning toan phan cla ca co hé 1a:

W = (W, ), + O, )y = Zm VR4 ZI (3.18)

§3. TRUONG LUC THE, THE NANG

1. Khai ni¢m truong lue, truomg lue thé Truc 3

a. Pinh nghia
dm

néu tai moi vi tri ctia chat diém déu xuat hién lyuc F tac dung 1én 3
chat diém ay.

Mot chat diém duoc goi 1a chuyén dong trong mot truwong e

S+ 43

Luc F téic dung lén chét diém noi chung phu thudc vao vi tri
ctia chét diém, néi cach khac F 1a mot ham cua cac toa do cua chit
diém va ciling c6 thé 1a mot ham cua thoi gian t. Trong bai nady ta &N

khong xét truong hop F 12 ham cua t. Vay ndi chung ta co: 77 //////////////l///'/////
F=F()=F(xY,2) (3.19)
Khi chat diém chuyén dong tir vi tri M dén vi tri N bét ky thi
cong cua lyc F béng:

Hinh 3.5

A = I F.ds

MN

Néu cong Amn ciia luc F khong phu thudc duong dich chuyén MN ma ta chi phu thudc vi tri ciia

diém dau M va diém cubi N thi ta noi rang: F (F)1a luc ctia mot truong liec thé.
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b. Nhitng thi du vé truong lyc thé
Thi du : Chét diém m ludn ludn chiu tac dung cua trong luc

P =mg;
Trong pham vi khong gian khong 16n, § ludn thing dung, hudng xudng va c6 do 16n khong doi.
Khi d6 ta c6 trong triweong déu. Ta chimg minh rang trong trwong déu la mét trieong luc thé.
Mubn vy ta tinh cong ctia trong luc P khi chat diém chuyén dich tir M dén N.

~A, = | Pds;
MN
Trong mot chuyén doi nho ab =ds
Cong : dA = P.ds = P.ds.cosa hay dA = Pds = —Pdz
dz 13 d6 chénh léch chiéu cao z gitaavab; dz=2zp—Z, diu — & vé th hai ¢6 nghia la khi dz <0
(do cao giam) thi dA > 0.
Cong cua trong luc khi chit diém chuyén doi tir M dén N 1a :

N

Aw = [ -Pdz=Pz, -Pyz, (3.20)
M
A =Mgz,, —mgz,
Ta théy Amn chi phu thudc zm va zn nghia 1a chi phy thude vi tri cuia M, N ma khong phu thude
vao hinh dang duong di.
2. Thé ning
a. Binh nghia

Khi mét chat diém dich chuyén tir vi tri M sang vi tri N trong truong luc thé thi cong Amn clia
truong luc chi phu thudc vao hai vi tri dau va cuéi M,N. Tt tinh chat nay ta c6 thé dinh nghia:

Thé nang cua chat diém trong truong luc thé la mét ham Wy phu thuoc vi tri cua chat diém sao
cho:

Amn = Wi(M) — Wi(N) (3.21)

Tir dinh nghia nay ta thiy ngay rang néu dong thoi cong Wi M) va Wy( N) véi cung mot hang sb
thi h¢ thirc dinh nghia trén van dugc nghi€ém, néi cach khac: thé nang cua chat diém tai mot vi tri dwoc
dinh nghia sai khac mot hang so cong.

Thi du 1: Trong trong trudng déu, dua vao biéu thirc caa Amn (3.21) ta suy ra biéu thirc cia thé
nang chat diém tai vi tri c6 d0 cao z

Wi(z) =mgz + C (3.22)

Thi du 2: Trong dién truong Culdng dua vao biéu thirc cia Amn (3.21) ta suy ra biéu thirc thé
nang cua dién tich qo, tai vi tri cach g mot doan r.

w,(n=k 39, ¢ (3.23)
er
b. Tinh chat

+ Thé nang tai moét vi tri dugc xac dinh sai khac mdt hang s6 cong nhung hi¢u thé nang gitra hai
vi tri hoan toan xac dinh.

+ Gitra truong luc va thé nang c6 hé thuc sau:
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= [ F.ds =W, (M) -W,(N) (3.24)

Néu cho chit diém dich chuyén theo mot vong kin (diém cudi N tring véi diém dau M) thi hé
thirc trén day thanh: :f F.ds=0 (3.25)
c

c. Y nghia ciia thé ning

Thé ning 14 dang ning luong dic trung cho twong tac.

Thi du 1. Dang thé niang cua chét. diém trong trong trudng cua qua dat 1 ning luong dic trung
cho tuong tac gitta qua dat vdi chat diém, ta cling noi do 1a thé nang tuong tac cua qua dat va chat
diém.

Thi du 2: Thé nang cta dién tich qo trong dién truong culdng cua dién tich q 1a thé ning twong tac
gitta q va qo.

3. Pinh luit bao toan ce ning trong truwomg lre thé

Khi chit diém khbi lugng m Chuyén dong tur vi tri M dén vi tri N trong mot truong luc thé thi
cong cua truong luc cho boi:

AMN = Wt(M) - Wt(N)
nhung theo dinh li vé dong nang (néu chat diém chi chiu tdc dung cia trieong lic thé) ta cd
Amn = W4(N) - Wa(M)

Vay Wi(M) - W(N) = W4(N) - Wg(M),
nghia la :
(Wa + W) (N) = (Wqa + Wy)(M) (3.26)
Vay tong :
W =W + W¢ = const (3.27)

tong nay co gia tri khong d6i, khong phu thudce vi tri ctia chat diém.
Tong dong nang va thé néing ciia chat diém dwoe goi la thé nang ciia chat diém. Ta co két qua:
Khi chat diém chuyén dong trong mot truong luc thé (ma khong chiu tac dung mot lyc nao khac)
thi co nang cua chat diém la mot dai lwong bao toan.
Phét biéu d6 goi 1a dinh ludt bdo toan co ning trong truong liec the.
Thi dyu: Khi chat diém khéi lwong m chuyén dong trong trong truong déu thi:

mv?

W = +mgh = const (3.28)

H¢ qua: Vi W = Wq + Wi = const nén trong qua trinh chuyén dong cua chat diém trong truong
luc thé néu dong nang Wy ting thi thé ning W giam va nguoc lai, & chd nao Wq cyc dai thi Wi cuc ticu
va nguoc lai.

Cha y : Khi chét diém chuyén dong trong truong luc thé con chiu tac dung ctia mot luc khac F
(thi du lyc ma sat) thi néi chung co nang cua chat di€ém khong bao toan, do bién thién co nang chat
diém s& bang cong cua luc F do.
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CHUONG 4 . TRUONG HAP DAN
§1. PINH LUAT NIUTON VE HAP DAN VU TRU

1. Pinh luat Niuton
Phét biéu
“Hai chdt diém c6 khoi leong m va m’ sé hut nhau bang nhitng liee ¢é > E
phirong trung voi dwong thang néi hai chat diém, c6 dé lén ti 1é thudn véi : —»> ;

tich s6 khoi heong m va m’ ciia hai chat diém va ti 1é nghich véi binh

phirong khodng cdch r giita hai chat diém dé” . Hinh 4.1
, m.m'
F=F=G 2 (4.1)

Trong d6 G = 6,673.10 ~**N.m %kg ? 13 hing s6 hap dan vii tru.

Chu ¥: + Cong thire (4.1) chi ap dung cho céc chét diém, mudn tinh lyc hdp dan vii try giira cac
vat co kich thudc 16n ta phai chia vat do thanh nhi€u phan nho sao cho c6 thé coi moi phan la mgt chat
diém sau d6 dung phuong phép tich phan dé tinh.

+ Do tinh chat dbi xtng cong thirc trén c6 thé ap dung cho trudng hop hai qua cau dong
chat khi do ta phai coi khoi lugng tap trung tai tdm va khoang céch gitra hai qua cau la khoang cach
gitra hai tam.

2. Mot vai rng dung
a. Sw thay déi cua gia téc trong trieong theo do cao

Luc hit cia Trai Dat 18n mot chét diém co khdi lugng m (lyc trong truong ) chinh 13 Iyc hip dan
vil tru.
Néu vit ¢ ngay mat ddt:
Luc hip dan do Trai Dat tac dung 1én vat:
M.m
R2
Mit khac trong lyc Trai Dat tic dung 1én vat (ciing chinh 14 lyc hap dan)
R, =mg, (4.3)
T (4.2) va (4.3) ta dugc gia toc trong ciia tai mat dat:
0,=6G % (4.4)

Néu vit cach mat dat do cao h:

R =G

(4.2)

Luc hap din do qua dét tac dung lén vat:
M.m
F'=G 4.5
R+ “9
Mit khac trong lyc Trai Dat tic dung 1én vt (ciing chinh 13 Iyc hap dan)
P=mg (4.6)
Tir (4.5) va (4.6) ta dugc gia toc trong truong & do cao h 1a:

M R Y
=G h
9= Reny i 9= 90(R h]

Ta chi xét h<<R do d6 % <<1 khi d6 thé viét gan dung
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h
g~ g{l—zﬁj (@.7)
Tir (4.7) ta thiy cang 1én cao gia tdc trong trudng g cang giam dan.
b. Tinh khéi lwong ciia cdc thién thé
Khoi lwong cua Trdi Dit.
Tir (4.4) ta c6 khdi luong cua Trai Dat M

2

M= 'g Véi g = 9,8m/s?, R = 6,4.10 (m) (4.8)

Ta duoc khdi lugng cua Trai Dt M =~ 5,9810 2 (kg).

Khéi lwong cua MatTroi.

Trai Dit chuyén dong quay quanh Mt Troi 13 do luc hap dan ciia Mit Troi tac dung 1én Trai DAt.
M.M'

F=G n? (4.9
V2
Luc nay dong vai tro 1a luc huéng tam: F =M o (4.10)
.. 2zR" -, \ A AL s oA < T
Vi v= T , R” 1a khoang cach tir tdm Trai Dat t61 tam Mat Troi
1 \2
T va @i mce oMM _y R) (4.11)
R' R'T
472_2 Rl3

=> Khbi lugng ciia Mt Troi M'=

——~1,98.10%0kg.
G

TZ

§2. TRUONG HAP DAN

1. Khai ni¢m truwong hip din

La mot moi truong vAt chat dic biét ton tai xung quanh mot vat c6 khoi lugng. Biéu hién cu thé
cta truong hap dan la truong hap dan tac dung luc hap dan Ién bat ky mot vat cé khoi lugng nao dat
trong truomg hap dan.

Vi du: Bat ky mot vat ndo nam trong trudng hap dan cua
Trai Bat déu chiu tac dung moét trong luc.
2. Bio toan mémen ddng lwong trong truomg hap din

Xét chat diém co khdi lwong m trong truong hap dan cia
chat diém c6 khoi lugng M dat tai diém O co dinh.

Chon O lam géc toa do.

Ap dung dinh 1y mémen dong lugng ddi voi chat diém m.

dL  — —

o Mio(F) (4.12) Hinh 4.2

F)-o

Luc hap dan F ludn c6 chiéu hudng tim O nén M
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ar I
=> m =0 => L =const (4.13)
- Nhu vay khi mot chat diém co khi luong m chuyéq dong trong trudng hap dan cua chat diém co
khoi lugng M thi momen dong lugng cua chat diém c6 khoi lwong m 1a mot dai lugng bao toan.

H¢ qua :Vi momen dong luong cua m bao toan nén m chuyén dong trén mdt quy dao phang, mat
phang qui dao cua m luén vudng goc véi véc to mé men dong luong L.

Thi dyu: Duéi tac dung ctia mit troi thi Trai DAt chuyén dong trén mot quy dao phang

Mit khac momen dong luong cta Trai Dat (va cic hanh tinh trong hé Mit Troi) cho boi cong
thirc: L = mr 2w = const

Diéu nay chimg to hanh tinh ndo cang gan Mit Trdi thi chuyén dong cang nhanh.
3. Thé niing ciia chét diém trong trwong hip din

Xét chat diém m chuyén doi tir diém A t6i diém B trong
truong hap dan cua M dudi tac dung cua luc hap dan F.

Cong cua luc F trong chuyén doi vi phan ds =CE Ia;

dA=F.PQ =F.PQcosa

K¢ ED L v6i OC tir hinh vé ta ¢6 CE cosa. = - CD (CD la

do6 dai dai sO véi qui ude chiéu duong la chieu O—C)

Vay dA=-F.CD

Vi CE la mét chuyén doi vi phan nén néu ta dat
OC=r thi OD~r+dr
CD=0D-0OC=r+dr—r=—dr

Mm

r2

Vay dA=—-Fdr =-G dr

Cong cua lyc F trong chuyén doi m tir A t6i B trong trudng hap dan cia M 1a:
" " Mm
AAB:—IFdr=—I—G dr

A A

=> Ay =G—1-G
'AB rB rA

(4.14)

Nhan thiy cong cua luc hap din F khong phu thudc vao dang duong dich chuyén ma chi phu
thudc vao diém dau A va diém cudi B => Truong hap dan cua chat diem M 1a mot truong luc the.

Mit khac theo dinh nghia thé ning ciia truong luc thé ta cé:
A :Wt(A)t _Wt(B)
Tir dy ta c6 thé ning cta chit diém m tai A va B trong trudng hip dan cua chit diém m 1a:

w(A) =-cMM.c. w@)=-cMM.¢c

A r-B
=> Thé nang cua m trong trudng hap din ciia M cach M mot khoang r 1a:

w(r)=-cMM ¢ (4.15)
r

Trong d6 C 1a hing s6 tuy ¥ chon, phu thudc vao méc chon tinh thé nang.
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4. Bio toan co ning trong trwong hip din
Vi trudng hdp din 1a mot truong luc thé nén chét diém cd khdi lwong 13 m chuyén dong trong
truong hap dan thi co nang cua chat diém dugc bao toan.

W =W, (A)+W,(A)= m;’ +(_ G mr'\" J: khong déi.  (4.16)
A

(0 day ta chon C =0)
Hé qua: Khi r ting thé ning ting thi dong ning giam va nguoc lai.
5. Chuyén dong trong trudng hap din
Tu mot diém A trong trudng hap din cua Trai Vo 2Vii
Dat mot vién dan cé kh01 luong m duoc bén di v6i van
tdc vo thi tuy theo tri s6 vo c6 thé xay ra cac truong hop
Sau:

Vi<Vos Vi

* Vién dan roi tré vé Trai Dat. —

* Vién dan bay vong quanh Trai Dat theo mot qui
dao khép kin (tron hoac elip)

* Vién dan bay ngay cang ra xa Trai Dat.

Tri sb cua vo dé vién dan bay vong quanh Tréi
Pit theo quy dao tron goi 1a vdn toc vii tru cap I .

Tri s6 cla vo de vién dan bay ngdy cang ra xa
Tréi Dat goi 13 van toc vii tru cap II. Hinh 4.4

a. Van téc vii tru cap 1
Gia thiét vién dan bay cach mat dat khong xa 1am khi do ¢ thé coi ban kinh qui dao cua vién dan
~ R. Luc hap dan cua Trai Dat tac dung 1én vat dong vai tro luyc hudng tam:

m.M v2
F, ot n? mE (4.17)
M
V= GF:,/gOR. (4.18)

Véi g,=9,8m/s? va R =6,4.10 °m. Ta duogc v~ 7,9km/s
Vay van tde vil tru cép I: v, =7,9km/s
b. Van téc vii tru ccfp 11

Gia thiét vat duoc ban tir diém A trén mat dat va di ra vo cung. Theo dinh luét bdo toan co nang
ta co:

2
W, =W, & m'\Z’A +(—G m'sz m.\2/ ( ij (4.19)

rA oo
g . m.M omy?
Véire,=0 =>coi | — ~0 con >0
r, 2
, m.v m.M .
=>Taco 2A >G - voita=R

>
vz M Va2 (4.20)
R v, ~11,2km/s
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=> Van toc vii tru cap Il v, =11,2km/s
Két luan:
Néu vat ban 1én vé6i van toe vo < 7,9 km/s => vat roi trd lai Trai Dat.

Néu vat bin 1én véi van toe 7,9 km/s < vo < 11,2 km/s => vt bay vong quanh Trai DAt theo mot
qui dao khép kin (tron hoac elip).

Néu vt bin 1én vdi van tde vo > 11,2km/s => Vit bay ngay cang ra xa Trai Dt.
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CHUONG 5. DAO DONG VA SONG CO
§1. DAO PONG CO

1. Dao ddng co diéu hoa

a. Phuong trinh vi phdn cia dao dong co diéu hoa

Dé khao sat dao dong ta xét mdt con l4c 10 x0 gém mot m
qua cdu nho khdi lugng m (coi nhu mot chit diém) c6 thé g %—
truot doc theo mdt thanh ngang xuyén qua tdm cua nd. Qua
cau duoc gin voi mot 10 xo (khdi lwong khong dang ké), dau ‘
kia ciia 10 xo duoc giit ¢b dinh (hinh 5.1). | WT\
Trong diéu kién nay trong luc cliia qua cdu luén luén D | : 7 i3 >
can bang voi phdn lyc cua thanh ngang. Néu kéo qua cau ra D!
khoi vi tri cAn bang mot doan OM (goi 1a do doi) khong lon, O x' M
dudi tac dung cua lyc dan héi cta 10 X0 qua cau s& bi kéo vé Hinh 5.1

vi tri can bang. Néu ta budng tay, qua cau s& dao dong quanh

vi tri can bang O. Néu ma sat va lyc can nho cé thé bo qua, qua cau s¢ dao dong mai. Dao dong nhu
vay goi la dao dong di€u hoa. Chlng ta s€ tim bi€u thirc todn hoc dién ta chuyén dong diéu hoa cta con
lac 10 xo néi trén.

Chon hé toa d6 mét truc OX tring Véi truc thanh, diém gbc O tring véi vi tri cAn bang cia hé,
chiéu dwong hudng tir trai qua phai. Ta chi xét trudng hop ngoai luc F' con trong gidi han dan hoi cia
16 x0. Do bo qua ma sat va luc can, hgp luc tdc dung 1én hé chi con luc dan hdi F cua 10 xo.

Xét tai thoi diém qua cau 1éch khoi vi tri cin bang mot doan x. Theo dinh luat Hac F = - kx #0
(k hé sb dan hoi hay d6 cting cia 10 x0) hé chuyén dong co gia téc. Theo dinh lut II cia Niuton, gia
toc ctia qua cau duge xac dinh bang:

ma =F = - kx (5.1)
dv _ d®x
Mit khac gia téc: a= — = —-. 5.2
s dt  dt? ©.2)
2 2
Thay (5.2) vao (5.1) taduge: mO X =-kx hay 4%+ Ky=0 (5.3)
dt dt m
Vik>0vam> 0 ta dit: h:a)g. (5.4)
m

2

Khi d6 phuong trinh (5.3) trd thanh: ((jZiT;( + wix=0  (V&i wo>0) (5.5)

Phuong trinh (5.5) goi 1 phuong trinh vi phdn ciia dao dong diéu hoa cta con lic 16 xo.
Nghiém ctia phuong trinh nay c6 dang: X = A sin (oot + @) (5.6)

. J 4 <) . N k N\ I3
Trong do6 A > 0 va ¢ 1a hai hang s6 phu thudc vao cac di€u ki¢n ban dau; wo = 1/ — 1a tan so goc
m

cta dao dong, don vi ciia no 1a radian trén gidy (rad/s).
Biéu thirc (5.6) goi 1a phuong trinh li d6 cua dao dong, n6 cho biét do doi x ctia qua cau so voi vi
tri can bang O cua no.
Ttr (5.6) ta c6 thé két luan:
Dao dong co diéu hoa la dao dong co do doi la mot ham 6 sin ciia thoi gian t.

Tir (5.6) ta thay ctr sau mdi khoang thoi gian:
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To= oz =2n \/H (s) (5.7)
@, k

thi dao dong lai lap lai nhu cli. That vay:

Ts

NIVANAYTWAS
AVIRAVARVIRVE

Hinh 5.2

X(t + To) = Asin [wo(t + i}—”) + @] = A sin (oot + ¢) = X(t)
0
To duoc goi 1a chu ky cia dao dong didu hoa va theo dinh nghia tan s6 :
f= —=—=>=—— (H2). (5.8)
Van tdc cta vat dao dong:

V= % = moACOs(wot + @) (M/S) = woAsin (wot + @ + %) (m/s) (5.9)

Ti 1¢ va sém pha hon li do %.Gia tdc clia vat dao dong:
= X 2 Asin(oot +g) (/5 = - @ x (M 5.10
a_F_-% sin(wot +¢) (M/s?) = - @, X (M/s?) (5.10)
Hay: a= o Asin(wet + ¢ + m) (M/s?) (5.10")

Vay gia tdc ti 1& va som pha hon 1i d6 © (n6i cach khéc: gia tdc ti 18 va ngugc pha véi li d0).

R& rang ca van tdc 1an gia toc ciia vat dao dong déu bién thién diéu hoa theo thoi gian véi chu ki
To vatan so f.

b. Bao toan co ning trong dao dong co diéu hoa
Dao dong 13 mot dang chuyén dong co nén ning luong ctiia nd 1 co ning W = Wq+ W .
Wa; Wi 14 dong nang va thé ning cta hé.

Tur (5.9) ta tinh duoc dong nang Wa = % mv?2 = % m o} A%cos? (wot + ¢)
Hodc theo (5.4) Wy = % kA2cos? (wot + @) = % KA2[1 + cos2(wot + )] (5.11)

Theo dinh nghia d¢ giam thé nang cua con lac khi dich chuyén tur vi tri can béng O di mot doan x
bang cong cua luc dan hoi . Tuc la:

W¢(O) - W(x) = - ijdx =0- %kx2
0
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Vi thé nang 1a mot dang nang lugng ddc trung cho twong tac (¢ ddy 1a giira cAc phan cua vat) nén
c6 thé coi tai vi tri can bang luc twong tac (dan hoi) bang khong, do d6 W(O) = 0, con khi qua cau 1éch
di mot doan x (10 xo gidn mdt doan x) thi thé nang cua con lac la:

Wi(x) = % ¢ (5.12)
Thay biéu thtc (5.5) vao biéu thire (5.12) ta duogc:

W; = %kAzsinz(mot +¢) = % KA2[1 - cos2(wot + )] (5.12")
Co nang toan phan:

W= % KAZ[1 + cos2(wot + )] + % KAZ[1 - cos2(wot + o]

w=lkaz= Lmazae (5.13)
2 2

Tir cac biéu thire (5.11), (5.12”) va (5.13) ta rat ra cac két luan:

+ Ca dong nang va thé ning cua con lic déu bién thién diéu hoa theo thdi gian véi tan s6 goc
®' = 2mo, €ON chu ky twong tng cta chung 1a T” = To/2.

+ Dong ning giam mot lugng bang bao nhiéu thi thé ning ting 1én mot luong bang bay nhiéu va
nguoc lai.

+ Tong dong nang va thé ning tirc 1a co ning ciia con lic dugc bao toan.

+ Tir cong thire (5.13) néu biét m, A, W ta c¢6 thé tinh dugc tan sb wo:
Wy =—,|— (5.14)

2. Dao déng co tit dan
a. Phwong trinh vi phdn cho dao dong co tdt dan

Moi h¢ dao dong déu co6 ma sat va chiu luc can cia mdi truong, do d6 nang luong cua hé giam
dan theo thoi gian. Theo cong thirc (5.13) A = a)i@ : nang luong giam khién cho bién do dao dong

0
cua h¢ giam dan r6i tat han. Dao dong nhu vay goi 1a dao dong tat de‘i’n. Thuc nghiém cho thay khi van
toc dao dong cua h¢ khong 16n, lyc can ciia moi truong ty 1€ vai van toc cua hé:
Fe=-rv (5.15)

O day r 1a hé s can ciia moi truong.

Khi tinh dén luc can, hop luc tdc dung 1én hé gém luc dan hdi cua 10 xo va luc can. Phuong trinh
cua dinh luat II Niuton cho hé dao dong c6 dang:

ma=-kx-rv
2
Hay md—;(+r%+kX:0
dt?  dt
2
Chiahaivéchom: 9+ L &, Kyoy (5.16)
t m t m
Pit Ko Lo (5.17)
m m

Phuong trinh (5.16) thanh:
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o™
dt’

Phuong trinh (5.17°) goi 13 phwrong trinh vi phdn cia dao déng co tit dan. Khi wo > p nghiém
cua (5.17") c6 dang:

+2[3(cjl_)t( + @fx=0 (5.17")

x = Aoe P sin(ot +9) (5.18)
(5.18) la biéu thirc d6 doi hay con goi 1a phuwong trinh ciia dao dong co tdt dan,

trong do: o= ol - p (5.19)

la tan sO goc cua dao dong co tat dan (wo= ,|— la tan s6 goc cua dao dong co dicu hoa)
m

27

con chu ky : T= — (5.20)
Wy —p
b. Khdo sdt dao dong co tdt dan
Biéu thac A = Age™ (5.21)

la bién d6 cia dao dong co tat dan, nd
giam dan theo thoi gian theo qui luat ham md;
B dugc goi l1a he¢ sO suy giam.
Vi -1<sin(ot+¢)<1 '%eﬁt
nén: AoCose

- AcePt < Ao sin(ot + @) < Age™ X

hay - Ace®'<x < Aoe™ (5.22) _,\/ -----------------------

RO rang 1a bién d6 dao dong bi gidi han o > K
giita hai duong cong - Ace™ va Age™ T
Theo Iy thuyét bién d6 A giam dén 0 khi '
t — oo, nhung thyc té chi sau mot khoang thoi Hinh 5.3
gian du 16n (tuy thudc vao luc can cua moi
truong) 14 bién d6 A da giam dén 0.

Muc do tit dan coa dao dong dugc dac trung b'flng mot dai lugng goi 1a giam luwong loga 6. Giam
lugng loga c6 tri s6 dugc xac dinh bang cong thurc:

A o AT
Alt+T) A D

N §=pT (5.23)

= InefT

Theo (5.17) thi & = ZL T — hé s6 can r cang 16n thi mic do suy giam bién d6 cang nhanh.
m

S¢ di bién do cua dao dong giam dan 14 vi hé chi nhan dugc mot nang luong ban déu, sau do cu
moi chu ky h¢ lai mat bot mot chut ndng luong dé thang lai cong cua lyc can.

‘T cong thire (5.19); (5.20) ta thay tan s6 goc ctia dao dong tit dan < wo va chuky T > To. Ta
c6 thé hiéu do bi can tré hé chuyén dong cham lai.

Cha y: 1. Hé chi dao dong duogc khi lyc can nho, hé sb suy giam P < wo (tirc 14 hé sb can
r<2+/mk ), néu lyc can 16n qua, hé sb suy giam B> wo (tc 1a hé sé can r > 2 Jmk ), hé khong thé dao
dong dugc ma tién dan dén vi tri can bﬁng.

2. Giira tan s goc va giam lugng 16ga c6 mdi quan hé sau:
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(5.24)

3. Dao dong co cudng birc
a. Phuong trinh vi phdn cua dao dong co cuong birc

Dé duy tri dao dong nguoi ta tac dung 1én hé mot ngoai luc bién thién tudn hoan theo thoi gian
dang F = HcosQt nham bu lai kip thoi tirng phan ndng lugng nho cua hé bi ti€u hao vi lyc ma sat sau
moi chu ky. Dao dong nhu vay goi 1a dao dong cuong buc.

Ban dau khi méi tac dung luc dao dong cua h¢ rat phuc tap, vi hé tham gia dong thoi ca dao dong
riéng tat dan (dudi tac dung cta ndi luc) 1an dao dong cudng burc (dudi tac dung cua ngoai luc tuan
hoan). Sau mot thoi gian qua d6 dao dong riéng mat han, h¢ dao dong cudng buc dudi tac dung cla
ngoai luc tudn hoan. Thuc nghiém chimg t6 dao dong cudng birc c6 chu ky bang chu ky cua ngoai luc
tuan hoan.

Khi ¢6 thém ngoai luc tuan hoan tac dung, hop luc tac dung 1én hé bang:

F = -kx - rv + HcosQt (5.25)
Phuong trinh cua dinh luat II Niuton cho hé c6 dang:

ma = - kX - rv + HcosQt

dx dx

hay: m——- +r — + kx = HcosQt
dt dt
d—;( + L % + hx: icoth
dt mdt m m
Véi cach dat nhu ¢ hé phuorng trinh (5. 17) ta co:
H + 2[3 — + wix= icoth (5.26)
dt? m

(5.26) duoc goi 1a phwong trinh vi phan cua dao dong co cudng birc. Theo giai tich, nghiém cua
phuong trinh nay 13 tong hop cua hai nghiém: nghiém téng quét ctia phuong trinh vi phan khong Ve
phai va nghiém riéng cua phuong trinh (5. 26). Qua thoi gian qua do dao dong riéng tat dan roi mat
han, tir lac d6 hé chi con dao dong dudi tic dung ctia ngoai luc tuan hoan F = HcosQt nén hé ciing dao

dong tuan hoan véi chu ky T = 25” (5.27), phuong trinh dao dong (li d6) cua hé la:

X = Acos(Qt + D) (5.28)
Trong d6 cac hang s6 A va @ dugc tinh theo cic cong thirc:
A= H (5.29)
my/(Q? — a?)? + 48722
tgd = f'BQ 5 (5.30)
— %
Véi dicukien @ -2p?>0 (5.31)
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b. Khdo sat dao dong co cuong birc

Tir cac cong thie (5.29) va (5.30) ta thdy ca bién d6 1an pha ban dau cta dao dong cudng buc déu
phu thudc vao tan sé goc Q cua ngoai luc. Khao sat sy phu thudc cia A vao Q ta thay:

Q 0

f -2

H
ma;

A

Tai gié tri Qch = 1/a)g —Zﬂz

/ Amax

N

(5.32)

bién d6 dao dong cudng burc dat gia tri cuc dai. Gia tri cuc dai do tinh ra béng:

_ H
max— 2 2
2mpye;
Khi d6 ta noi rang ¢ hién twong N
cong huong co, Qch duge goi 1a tan so A
goc cong huong.
Tir cong thirc (5.33) ta thay bién Amax

do6 cua dao dong cong hudng Amax cang
I6n khi B (tic 1a hé sd can cta moi
truong r) cang nhoé va luc do tan s cua
ngoai luc cudng birc Q cang gan vai tan
s6 dao dong riéng wo cua hé. Pic biét
khi ma sat va lyc can nho c6 thé bo qua
rZO—>B=O—>Qch= (,Oothi AmaxSé
co gia tri rat 16n. Ta noi c6 hién tuong
cong huwong nhon (hinh 5.4).

h
a

(5.33)

Hinh 5.4. Sy phuy thudc bién d6 dao dong vao tan sb goc ngoai luc

§2. SONG CO

1. Su hinh thanh séng co trong méi trwomg dan hoi

Xét mot kich dong nao d6 (c6 thé 1a diéu hoa hodc khong didu hod) xay ra trong mot méi trudng
dan hoi (mdi truong sau khi bién dang lai tro lai ngay nhu cti sau khi nguyén nhéan gay bién dang ngimg
tac dung). Kich dong nay sé lan truyén trong méi trudng tir diém nay sang diém khac, vi du su rung
dong ciia mang loa phong thanh trong khong khi.

Sie lan truyén kich ddng nao dé trong méi truong dan hoi goi la séng dan hoi hay séng co. SOng
co chi c6 thé lan truyén trong mdi truong vat chat lién tuc va dan hoi, khong thé lan truyén trong chan

khéng.

Diém khac nhau co ban giita song co trong moi truong voi bat ki mot chuyén dong co trat tyr ndo
ctia mot phan tir moi truong la o chd su truyén song tmg voi nhitng kich dong nho, khong kém theo qua

trinh van chuyen vat chét.
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_ Vat gly kich dong goi la nguon séng; phuong truyén song goi 1a tia song; khéng gian ma séng
truyen qua goi la truong song.
2. S6ng ngang va song doc
S6ng ngang la song ma phuwong dao dong ctia cac phan tir moi truong vudng goc véi tia song.
~Song ngang xuét hién trong cac moi trudong co tinh dan hoi vé hinh dang. Tinh chit nay chi c¢6 &
vat ran. Hinh 5.5 miéu ta song truyén trén day dai khi ta rung nhe mét dau.

ANANANYAN
VARVAR VAN

Hinh 5.5. S6ng ngang
Song doc 1a song ma phuong dao ddng cua cac phan tir moi trudong trung vai tia song.

Song doc xuat hién trong cac moi trudng chiu bién dang vé thé tich, do d6 né truyén duoc trong
cac vat ran cling nhu trong moi truong long va khi. (Hinh 5.6. song truyén trén diy 10 xo khi ta nén vai
vong 10 xo lai).

Séng xuét hién trén mat nudc 1a truong hop dic biét, xay ra d6i véi cac phan tir nam trén mit
phén cach gifra hai moi truong khi - 16ng hodc 1dng - 1ong khong hoa 1an vao nhau. Khi d6 céc phan tir
moi treong thyc hién ca hai dao dong: doc va ngang.

3. Mit song va mat dau séong. S6ng cau va song phang

A

Mat séng \ Tia séng \

v

v

v

A
v
v

v

Ngudnsong 1 X3 2

21 22 23
Hinh 5.7. Séng phang

v

Hinh 5.6. Séng cau

Quy tich nhitng diém & trong truong séng ma & d6 cac dao dong c6 clng gia tri pha duoc goi la
mat séng. Ung véi cac gi tri pha khac nhau ta c6 cac mit song khac nhau, goi 1a ho cac mit song.

Gidi han giita phan moi truong ma song da truyén qua va phan chua bi kich dong duoc goi la mat
ddu séng. Dua vao dang ctia mit ddu song ngudi ta chia song ra thanh s6ng cdu va séng phang

D6i voi moi truong dong chit va dang huéng, mit dau song 1a mat cau co tam O ngudn song, tia
song vudng goc véi mat dau song, nghia 1a tring phuong véi ban kinh ctia mat cau (hinh 5.6)

Trong truong hop nay tia séng la nhitng dudng thang song song vai nhau va thang goc véi cac
mat séng (hinh 5.7).

Néu ngudn séng & rat xa phan moi trudng ma ta khao sat thi mat séng 1a nhitng mit phang song
song.
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4. Cac dac trung cua song
a. Vdn téc soéng

Vin téc song 1a quing dudng ma song di dugc sau mot don vi thoi gian. Trong ly thuyét dan hoi
nguoi ta chimg minh dugc trong mdi treong dang hudng, van tée cua song doc bang:

V= L hay v:\/E (5.34)
ap p

. 1 A N
Trong do o, E = —, p lan luot la hé so
a

dan héi, suat dan hoi (con goi la suit 1ang) va u
khéi lwong riéng cua mdi trudng, con van toc
s6ng ngang bang: v= S (5.35)
Y 0 >

G la suat truot ciia moi truong. A
b. Chu ky va tan sé

Chu ky T va tan s6 f la chu ky va tan s6  -A
dao dong cua cac phan tir moi truong.

C. Bude séng Hinh 5.8

Budc song A cua song la quang duong ma
song truyén dugc sau khoang thoi gian bang
mot chu ky (hinh 5.8).

A=vT = % (5.36)

Tir hinh V& ta thay burde song 1a khodng cach ngan nhdt giita cac diém c6 dao déng cung pha.
5. Ham séng

bé cho don gian, ta gia su song lan truyén theo phuong truc Ox. Gia st tai thoi diém ty, tai vi tri
X1 c6 mot kich dong nao do, song lan truyén dén vi tri x2 vao thoi diém t2. Vay trong khoang thoi gian
At = 17 - t1 song da lan truyén dugc quang duong AX = X2 - X1. Goi v 14 vén toc truyén soéng trong moi
truong thi ta c6 hé thirc sau:

X _

X
X2-X1=V(t2-t1) hayti - =+ =t - 2
\'

v
Vi X1, t1, X2, 213 tuy ¥ va khong co gi dic biét nén ta dé dang suy ra:

X X X X,
t1- L =th- 22 =t3- =2 = ... =ty - = =hing sb.
v v v v

Vay trong qua trinh séng thi dbi s (t - x/v) = hang sb 1a mot dic trung cho qua trinh séng. Qua
trinh song phai 1a ham cua cac bién khong gian va thoi gian, vi vy ta c6 thé biéu dién song bang mot
ham F nao d6 cua d6i sb (t-x/v):

u(x,t) = F(t-x/v)
Trong truong hop song truyén theo chiéu 4m cua truc OX thi

u(x,t) = F(t + x/v).
Trudng hop tong quat, song truyén theo hai chiéu thi:

u(x,t) = F(t - x/v) + F(t + x/v) (5.37)
Trong d6 F 13 ham biéu dién kich dong.

39



Bai giang Vat ly 1 Nam hoc 2015 - 2016

Trong doi sdng va trong khoa hoc k¥ thuat thi kich dong diéu hoa déng vai trd quan trong.

Ngoai ra, trong toan hoc ching ta biét rang mot kich dong bat ki bao gid ciing ¢6 thé phan tich
thanh tong cua cac dao dong di€u hoa. Vi vay trong gido trinh nay, ching ta chi giéi han trong trudong
hop cua song diéu hoa ma thoi. Khi d6 F 1a mot ham diéu hoa, tirc 1a mgt ham sin hoac cos.

Vay ta c6 thé biéu dién song phang diéu hoa dudi dang: (chi xét song truyén theo chiéu dwong
cua truc OX) u(x,t) = Asino(t - x/v) (5.38)

goi 1a ham séng phang diéu hoa, goi tit 1a ham séng.

Trong do A 1a bién do song; o la tan s6 goc. Gilra tan sO goc ® va tan so6 dai f cua séng c6 quan hé:

o = 2xf.
Tan s6 f duoc do bang hec (Hz). Cac boi sb ctia héc 1a :
Kilohec (Khz) 1(Khz) = 103(Hz);
Mégahec (Mhz) 1(Mhz) = 108(Hz);
va Gigahec (Ghz) 1(Ghz) = 10°(Hz);

Dai luong [(t - x/v)] goi 4 pha ciia séng. Ta co thé biéu dién ham séng dudi dang khac sau day:
u(x,t) = Asin2xrf(t - x/v) = Asin(2rft - 2nfx/v).

Pai luong 2nfx/v =k goi la s6 song. Ta thudng biéu dién song dudi dang:
u(x,t) = Asin(ot - kx). (5.39)

Pai luong nghich dao cia tan s6 f goi la chu ki T: T = 1/f

Dai luong A = vT = v/f duoc goi la bude song, no 1a quang duong ma song di duge trong khoang
thoi gian bang mot chu ky dao dong ciia song. Pé thuén tién trong cach trinh bay va tinh toan, nguoi ta
thudng biéu dién song dudi dang phirc nhu sau:

u(x,t) = Aglolt-XV) = pAgi(et-kx) (5.40)
6. Phwong trinh song

Ham song u(x,t) 1a nghiém ctia mdt phuwong trinh vi phan cd tén la phwong trinh song hay con goi
1a phueong trinh truyén song cé dang:

2
AU = Viz.gt—‘j (5.41)
ot ot o
voi ki hi¢u A= PV + y + pe) goi 1a todn tr Laplace
z
. 10 ...
va AU = A - —.— goi la todn tr Dalambe (5.42)
Ve ot
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§3. HIEU UNG DOPPLE

Khi mot ngudi di vé phia mot ngudn 4m ding yén dang phat &m, anh ta s& nghe dugc mot am cao
hon khi anh ta ding yén, khi di ra xa ngudn am do6 anh ta s€ nghe théy am trﬁm hon. Hién tugng cling
x4y ra trong tu néu nguoi nghe dimg yén, con ngudn phat am chuyen dong lai gan hoic ra xa Vao ndm
1842, Cristian Johan Dopple da phat hién ra mau cua cac vat thé phat sang, ciing nhu tan sé 4m thay
d6i phu thudc vao chuyén dong twong ddi giira ngudn phat va ngudi quan sat. Hién tuong dé dugc goi
1a hiéu rng Dopple. Hiéu ing Dopple duoc ap dung cho moi séong ndi chung.

Vay: hién twong ngudn A (vi du coi tau) phat ra tin hiéu c6 tan sb v truyén t6i mot may thu B
(chang han tai nguoi quan sat), do may thu B chuyén dong hoic do nguon chuyen dong hodc do ca
ngudn 1an may thu cing chuyén dong nén may thu nhan duoc tin hiéu ¢6 tin s6 £ # f goi 1a hiéu mg
Dopple.

Xét truong hop c6 mot ngudn 4m va mot may thu:

Khi nguoi quan sat di lai gan ngudn, trong mot don vi thoi gian anh ta thu dugc nhiéu séng hon
khi anh ta ding yén (hinh 5.9).

Néu ngudi dimg yén, ngudn chuyén dong dudng nhu bude séng ngan lai (hinh 5.10).

Néu goi van tc 4m 13 v, van tc ngudn 13 u, van tdc may thu 1 w’, tn s6 4m do ngudn phat ra I3
f, tan s Am do may thu nhan dugc 1a £, thi cong thirc lién hé gitra £ va f c6 dang:

v+u'
v—u

f= f (5.43)

Trong cong thirc ndy ta qui wdc: u > 0 néu ngudn tién lai gdn may thu; u < 0 néu ngudn di xa may
thu; w>0 néu may thu tién lai gﬁn nguén u < 0 néu may thu di ra xa nguén Nhu vay khi ngudn tién
lai gan may thu hay mdy thu tién lai gan ngudn hodc ca ngudn 1an may thu tién lai gin nhau thi f* > f:
tan s6 may thu nhan duoc cao hon tan sé do ngudn phat ra va ngugc lai.

u>0 u=0

Hinh 5.9: May thu di lai gan nguon Hinh 5.10: Ngudn di lai gan may

Giai thich hiéu irng Dopple
Ta c6 thé giai thich hién tuong nhu sau:

Xét truong hop ngudn va may thu cing tién lai gan nhau. Vi may thu tién lai gin ngudn no s¢
nhan dugc tin hiéu som hon so voi khi né ding yén. Piéu nay tuong duong voi hién tuong van tbc am
duoc tang thém mot lugng bang vén tdc cua may thu (thuc té thi van toc 4m khong phu thude gi vao
tdc d6 chuyén dong ciia ngudn hodc may thu).

v=v+u
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Ta lai biét song am bién thién tudn hoan trong khong gian véi chu ky bang budc song A = vT tirc
1a hai song a va b phat ra lién tiép cach nhau mot chu ky T, thi s& cach nhau mét khoang bang A. Tuy
nhién, do ngudn chuyén dong song am tiép theo s& chi cach song am trudec mot khoang 1> = A - uT
(hinh 5.11) vi trong thoi gian T nguon di dugc khoang cach uT.

A
\ 4

Ae B

<+ Pe— —»

Hinh 5.11
Theo dinh nghia tin s6 4m bang:
ol Vv
T 2
O day do ngudn va méy thu ciing chuyén dong nén ta c6 tan s6 do may thu nhan dugc 1a:
f-_i'_ v+u'  v+Uu f
A" Tv=Tu v-u
hay fro VU
v—u

Do ngudn va may thu cung tién lai gan nhau nénu>0; u’ >0 ta co tan sé do may thu nhan dugc
af>f Tru’ong hop. ngudn duang yén u = 0 may thu chuyén dong lai gan ngudn v’ > 0, hodc may thu
dung yén u’ = 0, nguon chuyén dong lai gan may thu u > 0 ta ciing c6 > f.

Twong tw, néu nguodn di ra xa may thu u < 0 mau s6 ting 1én — f* < f; néu may thu di ra xa ngudn
u <0t so giam di — f* <f; néu may thu va nguon cung di ra xa nhau f* <f.
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CHUONG 6. CO HQC TUONG POI
§1. PONG HQC TUONG POI — PHEP BIEN POI LORENTZ

1. Sw miu thuin ciia phép bién d6i Galilei véi thuyét twong ddi Einstein

Theo cac phép bién ddi Galilei, thoi gian dién ra mot qua trinh vat 1y trong cac hé quy chiéu K va
K’ déu nhu nhau:

t=t (6.1)
Khoang cach giira 2 diém 1 va 2 nao d6 trong cac hé K va K’ déu bang nhau:
Al =X"2-X"1=X2- X1 = Al (6.2)

Vecto van tdc tuyét ddi V bang tdng cac vec to van toc twong ddi V' va vec to van tbe V cia hé
quan tinh K’ d6i véi hé K.

Tt ca nhiing két qua nay déu dung cho cac chuyén dong cham v<<c. Nhung 13 rang ching mau
thudn véi cac tién dé cta thuyet twong ddi cua Einstein. vi theo thuyét twong dbi cta Einstein: thoi gian
khong co tinh chét tuyét ddi, khoang thoi gian dién ra mot qua trinh vat 1y phu thudc vao cac h¢ quy
chiéu. Pic biét cac hién tuong xay ra dong thoi trong hé quy chiéu nay s& khong xay ra dong thoi trong
hé quy chiéu khac.

2. Phép bién doi Lorentz

Phep bién doi Lorentz 13 phép bién ddi cua céac toa d6 khong gian va thoi gian khi chuyen tr hé
quy chiéu quan tinh nay sang hé quy chiéu quan tinh khac théa mén cac yéu cu cia thuyét tuong déi
Einstein. Cu thé nhu sau:

Xét hai h¢ quy chiéu quéan tinh K va K’. Gia st luc dau gdc O va O’ cia hai hé tring nhau. Hé K
chuyén dong véi van toc V doc theo truc X so véi hé K. Goi (x,y,z,t) va (x,y’,2’,t") 1a cac toa do khong
gian va thoi gian trong hé K va K’. Theo thuyét twong ddi, thoi gian cé tinh chét tuong ddi nén ta c6 t’

#t.

A
Gia str x” lién hé vdi x theo phuong trinh : 4 y
x'= f(x,t). (1)
Ta c6 phuong trinh chuyén dong ctia cac
goc O, O’ trong hai hé K va K’. D61 voi hé K,
gdc O’ chuyén dong véi van toc V ta co:
X-Vt=0 2
Con dbi v6i hé K°, goc O’ dimg yén. Toa
do x’ trong hé K’ luén bang 0: z

b

v

v

x’=0 X
Mubn phuong trinh (1) 4p dung cho hé K’ X’ Hinh 5.1
nghia 1a thay x’=0 vao (1) ta phai thu dugc )
phuong trinh (2) thi f(x,t) chi c6 thé khac (x-Vt) mdt h¢ sO nhan o nao do.
X’ = a(X-Vt) 3)
Dbi v6i hé K, gdec O chuyén dong véi van tde (-V). Nhung ddi voi hé K, gbe O lai ding yén.
Tuong tu ta co:
X = B(x’+Vt’) 4

Theo tién dé 1, tir (3) co thé suy ra (4) va nguoc lai bang cach thay thé VoV, x’ox, t'ot. Ta
tim duoc:

a=p.
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Theo tién dé 2 ta c6, trong K va K’ cac doan dudng ma tin hiéu di dugc (x = ct va x” = ct’). Thay
cac bicu thirc nay vao (3) va (4) ta dugc:

C2 - (12 (CZ_VZ)

Suy ra a=

Vi K chuyén dong doc theo truc x nén: y=y’, z’ = z. Ta c¢6 phép bién d6i Lorentz:

X’=a(x-Vty,y=y’; 2’ =z t=a(t'—lzx)
C

2

X=ax+tVt'),; y=y’;2 =z t'= a(t+lx')
C

Tir cac két qua trén ta thdy néu trong truong hop:

+V << ¢ thi tir phép bién dbi Lorentz ta trg vé duoc phép bién ddi Galilei:

t v X
X —Vt : sl
X=——x,y =y, =7, t =5 (6.3)
V2 v?
1—(:—2 1—?
' . t'+—x'
X'+ Vit 2
hodc: X:+—2,y=y’, z=z, 1t = c =
1-— 1_V72
C C

+V > c thi céc toa dJ trong cong thurc x, t trd nén 40 — khong thé c6 cac chuyén dong véi van toc 16n
hon vén toc anh sang va hé quy chiéu cling khong thé chuyén dong véi van téc bang van tdéc anh sang
dugc.

§2. CAC HE QUA CUA PHEP BIEN POI LORENTZ

1. Khai niém vé tinh dong thoi va quan hé nhin qua

Gia sur trong hé quan tinh K c6 hai hién tuong vét ly xay ra Ai(X1,y1,21, t1) va hién tuong
Ax(X2,Y2,22 f2). Mot nguoi quan sat trong h¢ K chuyén dong doc theo truc x v6i van toc thi thay khoang
thoi gian dién ra hai hién tuong trén la:

V
) . tz_tl_T(Xz_XO
At'=t, —t, = e (6.4)
v
C

Nhdn xét: néu cac hién twong niy xay ra dong thoi trong hé K(t1=t) thi s& khong xay ra dong thoi
trong h¢ K’ vi t’1 - t’2 # 0. Chi ¢c6 mdt truong hop ngoai 1€ 1a ca hai hién tuong xay ra dong thoi tai
nhiing thoi diém c6 cung toa do X (toa d§ Y c6 thé khac nhau).

— Khai niém dong thoi mang tinh twong ddi. Hai hién twong co thé xay ra dong thoi trong hé quy
chiéu nay nhung lai khong xdy ra dong thoi trong h¢é quy chiéu khac. Tham tri tht ty cua cac hién
tuong cd thé xay ra khong theo thir tu (di€u nay khong xét cho cac hién tugng cé lién hé nhan qua).
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2. Sw co ngin Lorentz
So sanh chiéu dai cia mot vét trong hai hé quy chiéu K va K’. Gia str ¢6 mot thanh dimg yén
trong hé K’ dat doc theo truc X, do dai ciia n6 trong hé K’ la:
lo=x"2-%x"1
Goi | =X2- X1 1a d6 dai cta thanh trong hé K. Pé so sanh hai d6 dai cua vat trong hai h¢ tai cung
mot thoi di€m ta phai xac dinh vi tri cdc dau cua thanh trong hai hé tai cung mdt thoi diem. T phép
bién doi Lorentz ta co:

=y, x =24 _ |
V? V?
-7 e
V2
= =l fl-— (6.5)

— Trong hé quy chiéu ma thanh chuyén dong thi chidu dai ciia thanh theo phuong chuyén dong ngin
hon chicu dai cta thanh trong hé quy chi¢u ma n6 dung yén,
— Khi mot vat chuyén dong thi kich thudc cta vat theo phuong chuyén dong bi co ngén lai.
— Khoang khong gian c6 tinh twong ddi, né phu thudc vao hé quy chiéu.
3. Tinh twong d6i ciia khoing thoi gian

Tim khoang thoi gian dién ra mot hién tuong vat Iy do dugc trong hai hé quy chiéu quan tinh K
va K’. Gia str c6 mdt dong ho dung yén ¢ trong hé¢ K’.

Xét tai mot diém A co toa do x’,y’,z’ vat’ ¢c6 mot hién tugng vat ly xay ra trong khoang thoi gian
At=to=1;.

Ta so sanh At va At’:

At=t, —t =

V2
Hay: At'= At [1-— <At
C

— Khodng thoi gian dién ra mot hién tuong vat 1y trong hé quy chiéu quan tinh ma né (hién tuong)
dung yén thi bao gio cling nho hon khoang thoi gian dién ra hién tuong vat ly do trong hé quy chiéu ma
n6 chuyén dong. Do d6 dong hd chuyén dong chay cham hon dong hé dimg yén.

= (6.6)

— Khoang thoi gian c6 tinh twong ddi phu thudc vao hé quy chiéu.
4. Pinh Iy cong vén toc

Goi v 1a van tdc cua chat diém trong hé O, v’ la van tdc cta chit diém trong hé¢ O’. Tur phép bién
doi Lorentz ta co:

\Y \Y

_ t——X dt —— dx

x= XV g = & det va t=——L—=dt = ——
\Y Vv \Y \

s ard rd ard
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Suy ra V,=C=V, =cC
1-—c
C2
V? V?
vy,fl—2 v, -
. c N ' C
Tuong tu: V= ———— va Vv, =
\Y Vv
1-5v, 1-—v,
c c

Nhan xét: néu vx<<c thi ta trd vé& duoc cong thic cong van tdc Galile: v’ =v -V
. : c—V
Néu V,=C=V, = =C (6.7)
V
1-—-c

C2

§3. PONG LU'C HQC TUONG POI TiNH

1. Phwong trinh co ban ciia chuyén dong chat diém
Pé mo ta chuyén dong ciia vat co van tdc 16n ta sir dung phuong trinh tong quét c6 dang:

dmv) m,

IE= 0l M=—7—

m 13 khéi luong cua chit diém khi chuyén dong véi van toc v.
Mo 1a khdi lugng ctia chat diém khi dtimg yén (khdi lugng nghi).

Khi chuyén dong khéi luong cia vat ting 1én.

m,V

Suy ra g9 (6.8)
dt v2
1_ (:72
2. Pong lwgng va nang luwgng
a. Bong luong
- o omyV
p=mi=—22 (6.9)
V2
1_ Ciz

Nhan xét: néu v << ¢ ta dugc m = mo ta dugc cong thirc c6 dién p =mv va phuong trinh chuyén
A . iy -~ dp
dong dugc viet dudi dang: F :d—f

b. Nang lwong

Theo dinh ludt bao toan ning luong: Po ting ning lugng bang cong cua ngoai luc tac dung 1én
vat: dW =dA

Dé don gian ta xét ngoai luc F cing phuong chidu voi chuyén doi ds
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dW =dA = F ds = Fds

Khi do
gw= G myv | _ | my dv m,v? _ mgdv
dt \/ 2 \/ V2 dt 2 V2 312 V2 312
1-2 -5 fi-o 1-
. _omy _ myvadv
Tir m=—r—== dm= ———57
v
1-— c’l1-—
c ( CZJ

Ttr hai biéu thirc trén suy ra dW = c¢?dm — W =mc? + C  (C=const)
Do m = 0 thi W=0 — C = 0. Cudi cing ta dugc:
m . .
0_¢? (Hé thuc Einstein) (6.10)

W =mc? =

Hé Qud:
+ Nang lugng nghi cua vat:
+ Khi vat chuyén dong thi c6 thém dong ning

Wq = mc? — moc? = m,c? L —=-1 (6.11)
v
e
2
Néuv << ¢ thi —— sl+v—2
V2 2C
e
2 2
Do d6 W, >>m,c’ 1+V—2 > oY
2C 2

Trd veé biéu thirc dong nang trong co hoc co dién.

+ Lién hé gilta nang lugng va dong luong

2 m V2 W 2v?
Tubicu thie: ~ W=mc* = ——=c* => mjc“:Wz(l——zj => mjct=W?-—
\Vi C C
1-=
c
Thay W =mc?va p=mv cubi cing ta dugc: W? =mZc* + p’c? (6.12)

+ Ung dung trong hién tuong phéan ra
Gia str mot hat nhan phan ra thanh hai hat thanh phan. Theo dinh lut bao toan ning lugng ta cd

W =W +W;
W la nang luong cta hat nhan trudce khi phan ra

W, va W> 12 ning lugng cuia hai hat nhan thanh phan.
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Ta co: mc* = +

hat.
2 2
. m,C m,C
Vi L >mc’ va 2 >m,c’
v V2
1~ 1--
c c

Nénm>mz + m>
— Khi phan ra, téng khdi lugng cta cac hat thanh phﬁn nho hon khéi luong hat ban dau.
3.'Y nghia triét hoc ciia hé thirc Einstein

Hé thirc ning luong cua Einstein khong phai lién hé giita vat chat va khéi lugng ma lién hé giira
hai tinh chét cua vat chat do 1a: quan tinh va mirc d6 van dong. Hé thirc cho ta thiy 1o trong diéu kién
nhat dinh, mét vat c6 khoi luong nhat dinh thi c6 nang lugng nhat dinh tuong tmg voi khéi lugng do.
Cht khong phai khdi lwong 1a s6 do lwong vét chat chira trong vat va néu nhu quan niém nhu vay thi
theo hé thirc ning lugng cta Einstein vat chat s& bién thanh nang lugng, do d6 vat chét s& bi tiéu huy.

CHUONG 7. NGUYEN LY | NHIET PONG LUC HQC.
§1. MOT SO KHAI NIEM.

1. Thong sb trang thai

Trang thai cia mot hé dugc biéu dién bang cac tinh chat vat 1y cua vat (ndng, lanh, dic 1odng...).
Moi tinh chat thuong dugc dac trung bang mot dai lugng vat ly nhu: nhiét d, the tich, 4p suat... Nhu
vay, trang thai cua mdt hé duoc xac dinh bo1 mot tap hop cac dai lugng vat 1y. Cac dai lugng vat 1y nay
goi 1a cac thong so trang thai.
2. Phwong trinh trang thai

Thyc nghiém ching to, trong sO cac thong sb trang thai c6 mot s6 doc lap voi nhau (goi 1a cac
thong s6 doc 1ap), mot s6 thong sb phu thude vao cac thong s6 doc 1ap khac (goi 1a thong sb phu thudc).
Phuong trinh 1ién hé gitra cac thong s6 doc 1ap va thong s6 phu thude goi la phuong trinh trang thai cua
hé. Thuc nghiém ching t trang thai cia mot khdi khi cho trude duoc xac dinh boi ba thong sd trang
thai trong d6 chi ¢6 hai thong s6 doc lap. Néu chon céc thong sb d6 1a ap suat p, thé tich V va nhiét do
T thi phuong trinh cua hé la:

f(p, V,T)=0 (7.1)
3. Ap suit
Dinh nghia: 12 mot dai luong vat 1y c6 gia tri bang ap luc (luc nén vudng goc) trén mot don vi
dién tich.
n , F
Cong thuc: p =€” (7.2)

DPon vi : N/m?= Pa (pascal).

Ngoai ra dé do ap suat nguoi ta con str dung don vi :
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Atmotphe (at): 1 at = 9,81.10% N/m?

Milimet thuy ngan con goi 1 tor (mmHg) 13 ap suat gy boi trong luong cot thuy

ngan cao 1 mm: 1 at = 736 mmHg.
4. Nhiét do

Nhi¢t do 1a mot dai lugng vat 1y dac trung cho mirc d0 nong lanh ctia h¢ (ndi chinh x4ac hon né
dac trung cho cudong do chuyén dong cua cac phan tir trong hé).

Dé do nhiét d6 ngudi ta dung nhiét ké (nguyén tic cua nhiét ké 1a do do bién thién cua mot dai
luong vat 1y nao d6 nhu chiéu dai, thé tich, do dan dién... theo nhiét d§ dé tir d6 suy ra nhiét do).
Thang nhiét d¢ bach phan : don vi ki hi¢u la °C.

Thang nhiét d6 tuyét d6i (kelvin) : don vi ki hieu laK : T=t°+273,16.  (7.3)
Thang nhiét d6 Fahrcheit : Tr= %to + 32 (°F). (7.4)
5. Cac dinh luét thuwe nghiém vé chit khi

Nghién ciru tinh chit ciia cic chat khi bang thuc nghiém ngudi ta da tim ra cac dinh luat néu 1én
su lién hé gilra hai trong ba thong s6 4p sudt, thé tich, nhiét do.

a. Pinh ludt Boyle — Mariotte (nghién ciru qud trinh dang nhiét cia cdc chat khi)

Trong qué trinh dfmg nhiét ctia mot khdi khi xac dinh, tich sd gitta ap suét va thé tich caa khéi
khi la mdt hang so.

pV = const (7.5)
b. Céc dinh ludt Gay — Lussac (nghién civu qud trinh dang tich va ddng dp cia cdc chat khi)
Trong qua trinh dang tich cia mot khéi khi xac dinh, ap suat ti 18 voi nhiét do cia khoi khi do.

p _
— =const 7.6
T (7.6)

Trong qua trinh dang ap ctia mot khdi khi x4c dinh, thé tich ti 1¢ v&i nhiét do ciia khdi khi do.
\TL = const (7.7)

c. Gioi han itng dung cua dinh ludt Boyle — Mariotte va Gay — Lussac

Céc dinh luat Boyle — Mariotte va Gay — Lussac chi diing khi chat khi & nhiét do va ap suit thong
thuong cua phong thi nghiém. Néu 4p suat qué 16n hay nhi¢t do qua thap thi cac chat khi khong con
tuan theo cac dinh luat trén nira.

6. Phwong trinh trang thai cia khi ly twéng

Cac dinh ludt Boyle — Mariotte va Gay — Lussac chi méi nghién ctru mdi lién hé giira hai trong
ba thong s6 p, V, T. Bay gio ta sé di nghién ctru moi lién hé ca ba thong so trén.

Khi 1y tudng 1a chat khi tudn theo hoan toan cac dinh luat Boyle — Mariotte va Gay — Lussac.

Dbi v6i 1 kmol khi 1y tuong (khéi khi chira N = 6,023.10 2° phan tir hay c6 khdi luong m = p

kg). Clapeyron va Mendéléev da tim dugc phuong trinh trang thai sau (goi 1a phuong trinh trang thai
khi ly tudng). pV =RT (7.8)

Trong d6 p, V, T 1a ap sut, thé tich va nhiét do ciia mot kmol khi & mot trang thai bat ky. R 1a
hang so6 khi ly tuong.

D6i v6i mot chat khi c6 khdi lwong bang m, néu goi v 1a thé tich ciia no thi:
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v=~Hy (7.9)
m

Phuong trinh trang thai c6 dang:
ov= LRT (7.10)
U
* Gia trj ciia hang s6 khi 1y twong: R = 8,31.10 2 J/kmol K.
Néu 4p suat do bang atmdphe, thé tich do bang m® thi R = 0,0848 mS.at/kmol.K.
Néu xét 1 mol khi véi 4p sut do bang N/m? va thé tich do bang m® thi R = 8,31 J/mol.K.
Néu xét 1 mol khi véi ap suét do bang atmdphe va thé tich do bang lit thi R = 0,0848 l.at/mol.K.

§2. HE NHIET PONG

1. HE nhiét dong

Moi tap hop cac vat dugc xac dinh hoan toan boi mat sb cac thong s6 vi mo, doc 1ap voi nhau,
duoc goi 1a hé vi mo hay nhiét dong (hodc goi tat 1a h¢).

2. N0i nang cua hé
'NOi néng la tat ca cac dang nang lugng chira bén trong cua h¢ nhiét déng, bao gém ning luong
chuyén dong nhiét va thé nang tuong tac cua céc phan tir, hat nhan, dién tu..
Voi khi ly twong ngi nang U bang tong déng ning chuyén dong nhiét cia cdc phan tir (ca déng
nang chuyén dong tinh tién lan dong nang quay).

Cha y: gidng nhw nang lieong, ndi ndng la ham trang thdi. Trong nhiét dong hoc diéu quan trong
khéng phai la tinh néi nang U ma la dé bién thién néi ning AU ciia né.
3. Cong va nhiét
Khi cac hé twong tac voi nhau thi nang luong cua ching thay d6i hay noi cach khac cac hé da
trao d6i nang lwong véi nhau. Phan ning luong trao d6i nay duoc thé hién dudi hai dang chinh:

Mot la dang truyen nang luc_)'ng lam tdng mirc do chuyen dong co trat tu ctia mot vat (dléu nay
xdy ra voi cac vat vi mo). Dang truyén ndng luong nay dugc goi la cong. Vi du qua trinh dan né khi
trong xylanh lam pittong chuyén dong.

Hai 14 ning luong dugc trao doi tryc tiép giita cac phan tir chuyén dong hdn loan ciia nhiing vét
tuong tac voi nhau. Dang truyén nang lugng nay dugc goi la nhiét. Vi du khi ho nong khi trong mdt
binh kin thi mirc d¢ chuyén dong hon loan ctia cac phan tir trong binh tang 1én.

Nhu vay cong va nhiét déu 1a nhitng dai lugng do muc d6 trao doi ning luong gitta cac hé. Giira
cong va nhiét c6 sy khac biét sau sic: cong lién quan dén chuyén dong co trat tu con nhiét lién quan
dén chuyén dong hdn loan ctia cic phén tir ciia hé, nhung giita ching ciing ¢6 mbi lién hé chat ché véi
nhau va c¢6 thé chuyén hoa 1an nhau: cong c6 thé bién thanh nhiét va nguogc lai (cir tbn mot cong bang
4,18 J thi s& dugc mot luong nhiét bang 1 cal).

Chu y : Cong va nhiét déu 1a nhitng dai lvong do muc do trao ddi ning lugng song ban than
chdng khong phai 1a nang lugng. Cong va nhiét chi xuat hién trong qua trinh bién doi trang thai ctia hé
vi vay cong va nhi¢t khong phai la nhitng ham trang thai ma la nhitng ham cua qua trinh.
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§3. NGUYEN LY | NHIET PONG LUC HQC

1. Phat biéu
Do bién thién ning lugng toan phan ciia hé trong qué trinh bién d6i vi mdé AW gia trj bang tong
cong A va nhiét Q ma hé€ nhan dugc trong qua trinh do.
AW=A+Q
Vi trong phan nhiét ta coi co nang cua hé khéng d6i nén AW = AU
AU=A+Q (7.11)

Nghia la: d6 bién thién ndi ning ctia hé trong qua trinh bién ddi vi md AU gi tri bang tong cong A va
nhi¢t Q ma hé nhan dugc trong qué trinh do.

Néu A >0, Q > 0: H¢ thuc sy nhan cong, nhan nhiét nén ndi nang cua h¢ tang AU >0.
Néu A <0, Q < 0: H¢ thuc su sinh cong, tda nhi¢t nén ndi ndng cua hé giam AU < 0.
Chay : néu qua trinh bién d6i 1 vo ciing nho thi phuong trinh trén ¢ thé viét thanh :
dU =56A +38Q (7.12)
2. H¢ qua
a. Véi hé c6 ldp (hé khong trao doi cong va nhiét véi bén ngoadi):

A=Q=0nén AU =0 =>U = const hay ndi ndng cta h¢ c6 1p dugc bdo toan. Néu hé ¢6 1ap chi
gom hai vat trao doi nhiét va gia sir Q1, Q2 la nhiét ma chiing nhan duocthi Q = Q1+ Q2=0=>Q1=-
Q2 => Trong mot h¢ cd 1ap chi gom hai vat thi nhiét do vat nay thu vao bang nhiét do vat kia tda ra.

b. Hé bién thién tuan hoan theo chu trinh (sau mét qud trinh bién doi hé tro vé trang thai ban ddu)

Khi d¢6: AU = 0 => A = - Q => Trong mét chu trinh cong ma hé sinh ra bang nhiét ma hé nhan
dugc va nguoc lai.

3. Y nghia

Nguyén 1y tht nhat 1a sy tong quat hoa dinh luat bao toan va chuyén héa ning lugng. Thuc té
chimg t6é moi hién tugng vi moé déu tudn theo nguyeén ly thir nhat.

Khong c6 mft may nao sinh cong ma khong nhén nang lugng tir bén ngoai hodc may sinh cong
16n hon ndng lvgng ma n6 nhan dugc => Khong thé cheé tao dwge dong co vinh ciru loai mgt.

§4. KHAO SAT CAC QUA TRINH CAN BANG

1. Trang thai cAn bang va qua trinh ciAn bang
a. Trang thai can bc%ng cua hé la trang thai ma trong do moi thong 6 cua hé dwoc hoan toan xdc

dinh va néu khong co tac dung bén ngoai thi trang thai do sé ton tai mai mdi.
Néu hé 1a mot khoi khi nhat dinh thi mdi trang thai can bang duoc

xac dinh bang hai trong ba thong so6 p, V, T. Néu biéu dién trén do thi P 4

(p,V) thi trang thai can bang duoc biéu dién bang mot diém.

»

b. Qua trinh can bang la mét qud trinh bién doi gom mét chudi
lién tiép cdc trang thdi cin bang.

Trong thuc té khong c6 qua trinh hoan toan can bang, ma chi ¢6 >
qua trinh gan can bang (vi trong qua trinh bién dbi bao giod trang thai O v Vo V
can bang trudc ciing bi pha hiry). Néu biéu dién trén dd thi, qua trinh

51



Bai giang Vat ly 1 Nam hoc 2015 - 2016

can bang 1a mot dudng cong lién tuc.
2. Cong va nhiét trong qua trinh cin bang
a. Cong trong qud trinh cdn bang

Xét qua trinh nén khi trong xilanh: Gia sir c6 mét luc F tac dung 1én pittdng, 1am pittong dich chuyén
mot doan dl, thi cong ma khoi khi nhan dugc:

O0A =-F.dl =-pSdl = - pdV
Cong trong qua trinh bién dbi tir trang thai 1 dén trang thai 2:

A= j 5A=—Vj2 pdV (7.13)
Vs

b. Nhiét ma hé nhan dwoc trong qua trinh can bcing

Nhiét dung riéng cia mét chat (ky hiéu la ¢) 1a mot dai luong vat 1y vé tri sé bang nhiét luong
can thiét truyén cho mot don vi khoi lugng chat nay dé nhiét do cua no bién thién dugc mot do.

c= Ko (7.14)
mdT
=> Nhiét luong truyén cho mét vt trong qua trinh can bang nao do:
X =m.c.dT (7.15)

Nhiét dung mol C cua mot chat: 1a mot dai luong vé tri sb béng nhi¢t lugng can tmyén cho mot mol
chat @6 dé nhiét do ctua no6 bién thién duoc mot do

C=pc (7.16)
5Q="cdr (7.17)
U

DPon vi ctia nhiét dung riéng c 1a: J/kg.K, cta nhiét dung mol C la: J/mol.K.
3. Noi ning cua khi ly twéng
a. Nogi nang cua mot vdt

Nang luong cua h¢ gdm dong nang ng voi chuyén dong c6 hudng ctia ca h¢, thé ning cia ca hé
va phan ning lugng tng v4i chuyén dong bén trong cta hé tirc 13 ndi ning cua hé:

W=W,+W,+U (7.18)

Dbi voi khi li twong ndi niang 14 téng ning lugng chuyén dong nhiét cta cac phén tir ciu tao nén

h¢.

Trong nhiét dong hoc, ta gia thiét rang chuyén dong c6 hudng cua hé 1a khong dang ké va heé
khong dat trong mot truong luc nao, do do nang lugng ciua hé ding bang ndi nang cua hé.

b. Bdac tw do. Pinh ludt phan bé déu nang lwong cho cac bdc ty do
Bac tu do i 12 s6 toa d6 xac dinh cac kha nang chuyén dong cua phan tir trong khong gian.
Phan tir don nguyén tir ¢6 i=3.
Phan tir gom 2 nguyén tir i =5.
Phan tir gdm 3 nguyén tir i = 6.

Dinh luat Maxwell: Pong ning trung binh ciia c4c phan tir duge phan bd déu cho cac béac tu do
cua phan tu.

52



Bai giang Vat ly 1 Nam hoc 2015 - 2016

c¢. Noi nang cua khi li twong
Ta c6 dong ning trung binh ctia phén tir (thiét 14p cho cc phan tir c6 ciu tao don nguyén tir).
3

W, = KT (7.19)

Trong truong hop tong quat, biéu thirc dong ning trung binh cua phan tir ¢ ciu tao tir mot sd bét
ki cac nguyén tir c6 dang:
i
W, = > KT (7.20)

Vi cic phan tir khi 1i tuong khong tuong tac voi nhau nén ndi ning cua khi 1i tuong bang tong
dong nang cua cac phan tir. Gid st mdt mol khi 1i tuong cd Na phan tur, thi ndi ndng ciia mot mol khi i
tuong bang:

U=N,W, :%NAkT

Ti sd kg = % dugc goi 1 hang sé Bonxman
Cubi cuing ta duge:U = IE RT (7.21)
Dbi voi mot khéi lugng khi li twong m bat Ki:
u=""1gr (7.22)
U2

4. Khio sit cic qua trinh cin bing
a. Qud trinh dang tich
Qué trinh dang tich | qua trinh bién d6i ma trong d6 thé tich ctia hé khong doi V = const.

Vi du : Qua trinh ho néng hodc lam lanh mot khéi khi trong mot binh kin c6 hé ) gian né khong
dang keé.

Vo
+ Cong ma khdi khi nhan dugc : A=— j pdV
Vi

ViV =const =>dV=0 =>A=0 (7.23)
+ Nhiét ma khéi khi nhan dugc:
T,
m m m
Q= jéQ =—cvde= —C,(T,-T,)=—C,AT (7.24)
Mo H 7

Trong d6 Cyv la nhiét dung mol dang tich.
+ D6 bién thién ndi nang: Ap dung nguyén 1y I: AU=A +Q
Vi A = 0 => D9 bién thién ndi nang: AU = Q
m i

Ttr biéu thire ndi nang: U = ——RT
U2
—> P bién thién ni nang: AU = E% RAT (7.25)
u
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—> Nhiét dung mol déng tich C, = % R (7.26)

b. Qud trinh ding dp
Qua trinh dang ap 14 qua trinh bién dbi ma trong d6 ap suét cua hé khong doi p = const.

Vi du: Qua trinh dbt néng hodc lam lanh khéi khi dung trong mot xylanh voi pitténg co thé di
chuyén ty do (dam bao ap suat ciia khoi khi luén bang ap suat khong doi cua khi quyén).

A7)
+ Cong ma khdi khi nhan dugc : A=— j pdV =—p(V,-V,) (7.27)

Vi

+ Nhiét ma khéi khi nhan dugc:

TZ
m m m
Q= [RQ==C,[dT= =C,(T,-T,)==C AT (7.28)
Hoy H H
Trong d6 Cp 14 nhiét dung mol dang ap ctia khdi khi.
+ P bién thién ndi nang: Ap dung nguyén 1y I: AU = A + Q

AU = p(V2 — Vi) + %cpm (7.29)

Mt khic ta c6 do bién thién noi nang AU = %IE RAT (7.30)

=> Nhiét dung mol dang ap cua khdi khi Cp = % R (7.31)
=> Cp— Cv =R : goi la h¢ thuc Maye (7.32)

2—5: y : goi 1a hang s6 Poatxdng (7.34)

c. Qud trinh dang nhiét

Qua trinh dang nhiét 1a qua trinh bién d6i ma trong d6 nhiét d6 cua hé khong d6i T = const.

Vi du: Qua trinh nén hodc gian né mot khéi khi tiép xUc voi mot moi trudong c6 nhiét do khong
doi hay binh di€u nhiét.

VZ
+ Cong ma khéi khi nhan duge : A=~ pdV (7.35)
m RT
Tur phuong trinh trang thai ctia khi li tuong ta c6: p=— Va (7.36)
7
Ta duoc: =—jmﬂdv _—RTI \% (7.37)

2

+ Do bién thién noi nang: Vi ndi nang cua hé chi phu thudc vao nhi¢t d6 => Trong qua trinh déng
nhiét, AU =0.
+ Nhiét ma khéi khi nhan duoc: Ap dung nguyén Iy I: AU = A+ Q
mRT  V,

Vi AU =0 nén —-A=——In-2 7.38
Q=-A=_ 5y (7.38)
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Néu A > 0 thi Q <0 va ngugc lai => trong qua trinh nén dang nhiét, khéi khi nhan cong va toa
nhiét, con trong qua trinh gian dang nhi¢t khoi khi sinh cong va nhan nhiét.

d. Qua trinh doan nhiét
Qué trinh doan nhiét 1 qua trinh bién d6i ma hé khong trao doi nhiét véi bén ngoai Q = 0.
Vi du: Qua trinh nén hodc gian khi trong mot binh c6 vo cach nhiét Iy tudng.

Trong qué trinh doan nhiét thi Q = 0, khi d6 nguyén li thi nhat nhiét dong luc hoc trg thanh:
AU = A hay dU =J6A

Mit khic dU =2 L RdT va 5A=—pdv nén: Mc,dT =—pdv = 2d1 =— P qv
H2 H H C,

Lay vi phan phuong trinh trang thai ciia khi 1i tuéng pV = m RT ta duogc:
U

pdV +Vp = M RAT & Mgt = PAV VP
7 H R
C C
pdV +Vdp =—£dV @d_p+(_p)d_\/:0_ Do —% =y nén: @+7d_V:0 (7.39)
R C, p GV C, bV

Lay tich phan biéu thire (7.39) ta cd: In p+yInV =const

suy ra:

hay: pV’” =const (7.40)
Day chinh la phuong trinh ctia qua trinh doan nhiét.

Két hop phuong trinh ctia qua trinh doan nhiét véi phuong trinh trang thai cua khi li tuong ta c6
thé tim dugc céc bi€u thure biéu dien mdi lién hé ctia qua trinh doan nhiét:

TV’ =const
1y (7.41)

Tp 7 =const

Vv,
+ Cong A trong qua trinh doan nhiét: A=— j pdV
Vi

4
Ta co: pV ' =pV/ =p =ﬁ (7.42)

Thay (7.42) vao biéu thirc tinh cong (7.13) duoc:

Vs

vz ¥ \VZ4 -y
A=—[ pav = pyy [ - PV Ry v ] a= P l(\é] _1] (7.43)

% le7 y—1 y=1/\V,

A= p2V2 _ plvl

hay ta duoc
y—1
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CHUONG 8 : NGUYEN LY Il NHIET PONG LUC HQC
§1. HAN CHE CUA NGUYEN LY I NHIET PONG LUC HQC.
QUA TRINH THUAN NGHICH VA KHONG THUAN NGHICH

1. Nhitng han ché ciia nguyén 1y I ciia nhiét dong luc hoc

No6i dung nguyén 1y I nhiét dong luc hoc chinh 1a dinh luat bao toan va bién ddi nang lugng. Moi
qué trinh vi mo xay ra trong tu nhién déu phai tuan theo nguyén 1y I, tuy nhién mot qua trinh vi mo
tudng tuong thoa méin nguyén 1y I nhung lai khéng xay ra trong thuc té. Do d6, nguyén 1y I c6 nhitng
han ché sau:

+ Khdng chi 15 duoc chiéu hudng din bién ciia qua trinh xay ra trong thuc té.

+ Khong néu 1én dugc sy khac biét giita cong va nhiét (cong c6 thé chuyén hoan toan thanh nhiét,
nhung nhiét khong thé chuyén hoan toan thanh cong).

+ Khong chi ra dugc chat luong cua nhiét: thuc té cho thiy nhiét 1dy tir noi c6 nhiét d6 cao c6
chat lugng cao hon nhiét dé 1ay tir noi ¢6 nhiét do thap hon.

2. Qua trinh thuin nghich va khéng thuin nghich
a. Qua trinh thudn nghich

Qua trinh bién d6i cua hé tir trang thai 1 sang trang thai 2 duoc goi 1a thuan nghich néu no c6 thé
tién hanh ngugc lai va trong qua trinh nguoc dé h¢ di qua day du cac trang thai trung gian nhu trong
qua trinh thuan => Khi xay ra qua trinh bién doi thudn nghich thi mdi trudong xung quanh khong c6 su
bién doi nao ca.

Vi du: Con lic dao dong khong c6 ma sat va nhiét do ciia nd bang nhiét do ciia moi trudng, qua
trinh nén, gian khi doan nhiét vo cung cham.
b. Qua trinh khdng thudn nghich

Qua trinh bién d6i ctia hé tir trang thai 1 sang trang thai 2 duoc goi 1a khdng thuan nghich néu ta
tién hanh nguoc lai thi hé khong di qua day du céc trang thai trung gian nhu trong qué trinh thuén =>
Khi xay ra qua trinh bién doi khong thuan nghich thi moi truong xung quanh da cé su bién doi.

Vi dy: Céc qua trinh x4y ra ¢6 ma sat, qUA trinh truyén nhiét tir vat nong sang vat lanh.

§2. NGUYEN LY II NHIET PONG LUC HQC.

1. May nhiét
La mot hé hoat dong tuan hoan bién cong thanh nhiét hoac bién nhiét thanh cong.

+ Tac nhan : trong cdc may nhiét tac nhan chinh 1a cht van chuyén 1am nhiém vu bién nhiét
thanh cong hodc nguoc lai.

+ Nguon néng : 1a ngudn co6 nhiét do cao.

+ Nguon lanh : 1a ngudn c6 nhiét do thap.
Hai loai may nhiét gdm: déng co nhiét va mdy lam lanh.
a. Pong co nhiét: 1a loai may bién nhiét thanh cong.

Vi du: May hoi nuéc hay dong co dét trong.

Nguyén tic: bién nhiét thanh coéng c6 ich.
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CAu tao: gém 3 b¢ phan chinh la nguén nong, ngué)n lanh, bd phan sinh cong. Trong cac dong co
nhiét, chat van chuyén (hoi nudc, khi....) bién nhi¢t thanh cong goi 1a tdc nhan. Céac vat trao doi nhi¢t
v6i tdc nhan goi la nguodn nhiét.

Hoat dong: tac nhan nhan nhiét tu nguén néng, dan dén bo phan sinh cong n6 dan nd sinh cong,
luwgng nhiét thira dan dén nguon lanh.

Hiéu suét: gia st sau khi tac nhan thyc hién mét chu trinh, né nhan nhiét lugng Q1(T1) cia nguén
nong, nha nhiét lugng Q’2(T2) cho nguon lanh va sinh cong A”’.

_A

Hiéu suét cia dong co nhiét 1a: n (8.1)

1
Theo nguyén 1y 1, trong mot chu trinh d6 bién thién nodi ning cta tic nhan bang khong.
AU=0=-A+Q -Q,=0=A=Q -Q,
Ql — QZ —1— %
Q Q

b May lam lanh: La loai may tiéu thu cong co hoc dé van chuyén nhiét tir nguon lanh sang ngudn nong.

Hiéu suit con dugce tinh boi biéu thic: 7 = (8.2)

Trong may lanh tac nhan hoat dong theo chu trinh nguoc chiéu kim déng hd. Tac nhan nhan cong
A dé nhan nhiét Q, tir nguon lanh T va tod nhiét Q1 cho ngudn noéng T1. Ta c6 so do mdy lanh :

T1 T1
A A A A
| < Q1 Q1 May lanh
A } { } Li tuong
44 @ 4y
T2 T2
Hé s6 méy lanh duoc dinh nghia: ¢ = % (8.3)

2. Nguyén ly thir hai nhiét dong luc hoc
a. Phat biéu cia Clausius

Nhiét khéong thé t ddng truyén tir vt lanh hon sang vét néng hon. Hay néi cach khac, khdng cé
may lanh li tuong.

Nhu vay chiéu truyén nhiét trong ty nhién la chiéu tir noi c6 nhiét do cao t6i noi c6 nhiét do
thap.
b. Phat biéu ciia Thomspson

Khong thé tao mot may hoat dong tuan hodan bién lién tuc nhiét thanh cong nho lam lanh mot
vdt ma moi truong xung quanh khong co sy thay doi dong thoi nao. Hay noi cach khac, khong cé dong
co nhiét li tuwong.

Nhu vay trong ty nhién chi ¢6 qué trinh cdng hoan toan bién thanh nhiét ma khdng c6 qua trinh
nguoc lai nhié€t hoan toan bién thanh cdng. => Khong thé ché tao dugc dong co vinh ctru loai II.
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§3. CHU TRINH CACNO VA PINH LY CACNO

1. Chu trinh Cacné thuin nghich
a. Cdu tao n4
Go6m 4 qua trinh thuin nghich:
(1 <> 2): Qua trinh déng nhiét thuan nghich ¢ nhiét do Ti.
(2 <> 3): Qua trinh doan nhiét thuan nghich .
(3 <> 4): Qua trinh déng nhiét thuan nghich ¢ nhi¢t do T> .
(4 < 1): Qua trinh doan nhiét thuan nghich .

Chu trinh Cacnd thuan nghich chay theo chiéu kim dong hd
duogc goi chu trinh Cacnd thuén.

Chu trinh Cacné thuan nghich chay nguoc chiéu kim dong hd
dugc goi chu trinh Cacnd nghich. 0

V1V, Vo Vs

b. Hiéu sudt ciia may nhiét chay theo chu trinh Cacné voi tdc
nhan ly twong

Theo chu trinh Cacnd thuén (dong co nhiét):

Ap dung biéu thirc (2.2) cho chu trinh Cacnd ta c6

Q
Q

Trong d6 Q1 1a nhiét lugng ma tac nhan nhan dugc tir ngudén néng T trong qua trinh dén dang
nhiét tir the tich Vi dén V2.

e = (8.1)

m \%
Q =—RT,In-2 (8.2)
H Vi
Q’2 14 nhiét lugng ma tac nhan nha cho nguén lanh T2 trong qua trinh nén dang nhiét tir V3 dén
V4. Q2 1a nhiét lugng ma tac nhan nhan dugc ciia ngudn lanh T2 trong qué trinh trén

Q,=-Q,=-"RT, Y= MRT InY2 (8.3)
H Ve ou V,
Thay Q’2 va Q1 vao (8.1) ta duoc:
\Y
Lo
Re =1- 2% (8.4)
Tl |n Viz
1
Mat khac ta c6 trong qua trinh (2—3) va (4—1) ta co:
Tlvzyil = Tzvsyil V; VY,
==z
Tlvly_l = Tzvﬂ,y_l Ve Vi
T
=1-2 8.5
Tlc T, (8.9)

=> Hiéu suit cua dong co nhiét chay theo chu trinh Cacnd véi tdc nhan ly tuong chi phy thudc vao
nhiét do ngudén ndng va ngudn lanh.

Theo chu trinh Cacnd nghich (mdy lanh):
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D6i voi may lanh, tac nhan hoat dong theo chu trinh Cand nghich, nguoc chiéu kim dong ho.

T biéu thuc (8.3) ta co: ¢ = ﬂ (8.6)
‘Ql‘ - |Q2|
Trong qua trinh déng nhi¢t (4 — 3), khi li tuéng nhan vao mot nhiét lugng Qo tur nguén lanh T2
Q = MR, InYe 8.7)
H Vs

Trong qué trinh dang nhiét (2 — 1) khi li tuong toa ra cho ngudén néng T1 mot nhiét luong Q1 :

Q1=-0Q = %RTlln\% (8.8)

2
Trong qua trinh doan nhiét (3 — 2) tacd: TV, =T,V/ ™

Trong qué trinh doan nhiét (1 — 4) taco: TV, ™" =T,V

vV, V
Suyra: 223
Vv, V,
T. 1
Vay: e= —2—= (8.9)
T1 _Tz L -

2. Pinh ly Cacnd

Hiéu suit ciia moi dong co nhiét chay theo chu trinh Cacno cé cung nhiét do nguén nong T1 va
ngudn lanh T2 chi phu thudc vao nhiét ¢ ngudn nong T1 va nhiét d6 ngudn lanh T2, ma khong phu
thudgc vao tac nhan ciing nhu cach ché tao may. Hi¢u suit cua dong co khong thudn nghich nho hon
hiéu suét cua dong co thuan nghich.

T
Véi dong co thuan nghich: 77, =1- T—Z (8.10)

1
e aa . . . T,
Véi dong co khong thudn nghich: 7, <1- T (8.11)
1
3. Hiéu suit cuc dai ciia dong co nhiét

Thuc té cho théy hiéu suét cua dong co chay theo chu trinh Cacnd thuan nghich 1a hi¢u suét cuc
dai => ta co thé viét:

1—%31—1—2 (8.12)
1 1

§4. BIEU THU'C PINH LUQNG CUA NGUYEN LY I
NGUYEN LY TANG ENTROPI
1. Biéu thirc dinh lrgng ciia nguyén Iy 11

Tu biéu thic hiéu suét cua dong co nhiét thuan nghich chay theo chu trinh Cacno ta co:
To/T1=Q’2/Q1 (8.13)
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Tur biéu thirc cta hi¢u suat cia chu trinh Cacné va dinh nghia cta hiu suat ta co

Ql_QZ STl _T2 (814)
Ql Tl
Biéu thire (8.14) goi 1a biéu thtrc dinh lwong cta nguyén 1y thi hai.
o , Q. T,
T bicu thure (8.14) ta co: —=>= (8.15)
Q T
V6i Q2 = - Q, 1a nhiét lugng hé nhan vao tir ngudn nhiét T2. Thay vao biéu thirc (8.15) ta dugc:
2,9 (8.16)
T2 Tl

Biéu thirc (8.16) duoc thiét 1ap d6i voi hé bién doi theo mot chu trinh gdm hai qua trinh dang
nhié¢t va hai qua trinh doan nhiét thuan nghich.

Truong hop tong qudt:

Néu hé bién d6i theo mot chu trinh gé)m v 86 qua trinh dfmg nhiét va doan nhiét ké tiép nhau,
cac qua trinh dang nhiét l1an lugt twong Gng vaoi nhiét Ta, T2...Ti ... cua cac nguon nhié¢t bén ngoai va
nhiét luong Q1, Q2....Qi.... ma hé nhan dugc tir bén ngoai, khi do ta c6 thé suy rong biéu thirc (8.16):

n
Z& <0 (8.17)
=k

Néu trong mot chu trinh nhiét d6 cua h¢ bién thién lién tuc, ta c6 thé coi hé tiép xtic 1an lugt véi
v6 s0 nguon nhi¢t c6 nhiét o T vo cung gan nhau va bién thién lién tuc. Khi d6 (8.17) tro

{?s 0 (8.18)

Trong d6 dau ( =) mg véi qua trinh thuan nghich va du ( <) ing véi qua trinh khong thuén nghich.

Biéu thurc (8.18) 1a biéu thirc dinh luwgng tong quat ciia nguyén li thir hai. pA

1
2. Ham Entropi va nguyén ly ting entropi
a. Ham entropi
. . . a
T biéu thirc (8.18), khi hé bién do6i theo mot chu trinh thuén nghich thi:
b 2
f ? =0 (8.19) 5 R
Vv

Xét hé bién doi tir trang thai 1 sang trang thai 2 theo hai qua trinh thuan nghich khac nhau 1a2
va 1b2. Vi 1b2 la thuan nghich nén ta c6 thé tién hanh theo qua trinh nguoc 2bl qua cac trang thai
trung gian nhu cii. Két qua ta thu dugc chu trinh thuan nghich 1a2bl. Ap dung (8.19) cho chu trinh ta

co: § R (8.20)
la2bl T
hay §+ @:0:>J.§+JA_§:O
la2 T 2bl T la2 T 1b2 T
Do do: RN _ (R (8.21)
T T
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Nhu vay tich phan I? theo cac qua trinh thudn nghich tir trang thai 1 dén trang thai 2 khong
phu thudc vao qua trinh ma chi phu thudc vao trang thai dau va trang thai cudi.
Pinh nghia: Ham S cta h¢ 1a mot han trang thai, sao cho bién thién cua S tr 1 sang 2 cO gia tri béng

tich phan j? tir 1 dén 2 theo mot qua trinh thuan nghich nao do.

2
6Q
AS =S5, —sl_!? (8.22)
N s s A A a1 . 0Q
Ham S duogc goi 1a ham Entropy cua hé, vi phan cua ham S cho béi dS = T (8.23)

M¢t s6 tinh chat quan trong ciia ham entropi:

S 1a mot ham trang thai nghia 1a & moi trang théi cua hé n6 c6 mdt gia tri xac dinh va né khong
phu thudc vao qua trinh cia h¢ tir trang thai nay sang trang thai khéac.

S 1a mot ham c6 tinh cong dugc nghia 13 entropi ciia mot hé can bang bang tong cac entrdpi ciia
tung phan riéng biét.

Tir (8.22) ta suy ra duoc entrdpi duoc xac dinh sai kém mot hang sd cong:
x
S=S0+ | = 8.24
o+ [ (8.24)

trong d6 So 12 entrdpi tai gdc tinh toan, thudng qui wdc So =0 & trang thai ¢6 T = 0K. Khi d6 S s& don
tri. Pon vi cua S trong hé SI 1a J/K.

b. Nguyen ly tang entropi

: . P4
Gia thiét c6 mot qua trinh thyc xay ra trong mdt hé co 1ap dua hé 1

tir trang thai 1 sang trang thai 2. Vi 1a qua trinh thuc nén khong thé 1a
qué trinh can bang, do d6 ta khong thé biéu dién bang mot dudng cong
lién tuc ndo d6 ma ta biéu dién bang duong chim chdm 1a2. Sau do ta
dua hé tro vé trang thai 1 bang mot qua trinh thuan nghich bat ky 2bl
nao do, ta dugc mot chu trinh khong thuan nghich. ')

v

Tir biéu thuce dinh luong tong quét ciia nguyén 1y 1 ta co:
§§=j§+j§<o (8.25)
T la2 T 2bl T

oQ

2
Theo dinh nghia ctia S vi qua trinh 2b1 1a thuén nghich nén IT =S1-S2 (8.26)
1

Thay (8.26) vao (8.25) ta dugc: S1 — S, > (8.27)

P C— N

RQ
T
Vi h¢ ¢o 1ap, khong trao ddi nhiét v6i bén ngoai (6Q =0)nén: S1—-S,>0

Hay S2>Ss (8.28)

Nguyén 1y ting entropi: *‘Trong mét hé cé ldp cdc qud trinh thwe xdy ra theo chiéu ting entropi’’.
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