BO CONG THUONG
TRUONG CAO PANG CONG NGHIEP VA XAY DUNG

BAI GIANG MON HQC
VAT LY PAI CUONG

Diing cho h¢ Cao ding chuyén nghiép
(Luu hanh noi bo)

Nguwoi bién soan: Nguyén Ngoc Dung

Uong Bi, nam 2011



CHUONG 1: CO HOC
1.1. PONG HOC CHAT PIEM

1.1.1. PHUONG TRINH CHUYEN PONG VA PHUONG TRINH QUY
DAO
I. Cac khai niém mé dau
a. Chuyén dong

Chuyén dong cta vat 12 su dich chuyén twong doi cua vat thé nay doi véi
céac vat thé khac trong khong gian theo thoi gian.
b. Hé quy chi€u

Dé nghién cttu chuyén dong cua vat thé, ngudi ta chon nhitng vat thé khac
nao d6 lam moc ma ta quy ude 1a ding yén. Hé toa do gan lién vé6i vat 1am moc
dé xac dinh vi trf cua vat thé trong khong gian va chiéc dong ho gin vdi hé nay
dé chi thoi gian g01 1a h¢ quy chiéu (hqc)
c. Tinh tuong doi clia chuyen dong

Mot vat s& 1a chuyén dong hay ditng yén tuy thuoc vao hqc ma ta chon.
Vat ¢6 thé chuyén dong so v6i hqc nay nhung lai ding yén so vé6i hqe khéc.
d. Chat diém: Mot vat thé dugc coi la chat diém khong phai do kich thudc tuyét
doi cua nd xac dinh ma do ti sO gitta kich thude cua vat va do dai dac trung cho
chuyén dong ctia né xac dinh,
e. Hé chat diém: La tap hop hai hay nhiéu chat diém ma khoang céch gifta cdc
chat diém 12 khong d6i hodc chuyén dong cua chét diém nay phu thudc cdc chat
diém kh4c.
— Luc tuong t4c gifta cac chat diém trong ciing mot hé 1a noi luc.
f. Khong gian va thoi gian trong co hoc ¢6 dién
- Thoi diém 12 mot diém trén truc thoi gian.
- Khoéng thoi gian 1a khoang cdch giita hai thoi diém trén truc thoi gian
* Xét chuyén dong ctia vat tir vi tri M, 2> M,
- boi v6i hqe k khoang thoi gian troi qua: t,- t,
- Boi v6i hqe k khoang thoi gian troi qua: t’,- t’,
- Ta thtra nhan t,- t,=t’,- t’,
Khi t,=t’,=0 2t,=t’,=t
+ M ¢ thoi diém t dugc x4c dinh (x,y,z) trong hé
quy chiéu k bing ban kinh -

r=xi+yj+zk
+ M 6 thoi diém t dugc xac dinh (x’ Y.Z)
trong hé quy chiéu k’ bing ban kinhr’

r—xz+y]+zk X

7, =00'
- Ta thtra nhan giﬁ’a céc ban kinh vecto cua cuing 1 diém trong céc hqc k va k’
khac nhau & thoi diém t bat ki co hé thuc:

r= r + 7 hay P=r— r
- Xét chuyén dong cta 2 chat di€ém bat ki M, va M, ¢ thoi diém t:
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n=r,+r, vy =7, +r, => r,-n=r,-r

=] =L + (v v + (2, - 2)F =
={ X ) + (YY) + (2, -7 )} (1.1)

=> Nghia la khoang cdch gitta hai vi tri ctia hai chat diém bat ki cung thoi di€ém

da cho la nhu nhau trong tit ca moi hqc.

- Khi 2 diém M, M, rit gan nhau thi khoang dr gitta hai chat diém xdc dinh:

dr= {dx*+dy*+dz*}"?

=> Nhu vay co hoc ¢6 dién thira nhan: Vi tri ctia chat diém c6 tinh chét tuong

doi, doi v6i nhitng hqc khac nhau la khac nhau nhung khoang thoi gian va

khoang khong gian c6 tinh chat tuyét doi, la nhu nhau trong moi hqc.

I1. Phuong trinh chuyén dong va phuong trinh quy dao

a. Phuong trinh chuyén dong

- Phuong trinh chuyén dong 1a phuong trinh mo ta su phu thuoc cta dai luong

cho ta xac dinh vi tri ctia vat véi thoi gian.

* Phuong trinh chuyén dong dang tu nhién:

Gia st chat diém M chuyén dong trén dudng cong C

- Chon diém O lam hqc va chiéu + trén dudng cong khi d6 vi tri M duogc xdc

dinh bdi cung s=0M . Khi M chuyén dong thi s thay d6i theo thoi gian

* Phuong trinh chuyén dong dang toa do:

Gan duong cong C vao hé toa do Oxyz vi tri M dugc //QTMM\%
xac dinh:  x=f,(t) ; y=f,(t) ;z= f;(t)

* Phuong trinh chuyén dong dang vecto

Dung vecto r = OM goi 12 ban kinh vecto cia M khi M chuyén dong rthay
déir= f(t)
b. Phuong trinh quy dao

Biét dugc cdc phuong trinh chuyén dong cua chat diém ta co thé tim quy
dao ctia né: That vay khir thoi gian t trong cdc phuong trinh chuyén dong ta tim
duoc phuong trinh quy dao.
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1.1.2 VECTO VAN TOC. VECTO GIA TOC

I. VECTO VAN TOC
1. Dinh nghia

Van t6c 12 dai luong dic trung cho su chuyén dong nhanh hay cham clia
chuyén dong. /
2. Van téoc trung binh va van téc tic thoi 5 T~
a. Van toc trung binh

Xét chuyén dong cua chat diém trén dudng cong C
Trén C chon goc O va mot chi€u (+)
t,=0 tai vi tri M trung O
Tai thoi diém t chét diém 6 M c6 s=0M
Tai thoi diém t* chat diém 6 M’ ¢6 s’=0M"
Trong khoang thoi gian Ar = r'—¢ chat di€ém di chuyén duoc quiang dudng As = s'—s
_As

M’

=> Van tdoc trung binh: v, = (1.2)
b. Van t6c tic thoi
Theo (1.2) khi M’ cang gdn M => v = hm% (1.3)
At—0
ds
H = 1.4
ay v= m (1.4)

Vay van toc cta chat diém cé gid tri bing dao ham bac nhat clia quing
duong theo thoi gian

- Néu chat diém dich chuyén theo chiéu (+) cua quy dao thi v>0

- Néu chat diém dich chuyén theo chiéu (-) cua quy dao thi v<0
c. Vecto van toc
- Diac trung ddy du phuong, chiéu chuyén dong va do nhanh cham cta chuyén
dong
- Tai mot diém trén quy dao 12 mot vecto ¥ c6 phuong ti€p tuyén véi quy dao tai
diém do, co chiéu theo chiéu chuyén dong cua chat diém c6 tri s6 bing gid tri
tuyét doi ciia van toc tai diém do.
d. Vecto van toc trong hé toa do
- Gia thiét & thoi diém t: M => OM =
- Gia thiét & thoi diém t+dt: M* => OM' =7 +dr
Khi dt<< => MM'=OM'-OM =dr = ds

—_—

Nghia 1a (1.4) c6 thé viét thanh v = % (1.5)
Vay: v bang dao ham cia ban kinh vecto doi véi thoi gian
- dx dy
= — —_ = 1.6
V{ Vx df > vy dl z } ( )

Do 16n van toc dugc tinh theo cong thic:

/J< (s Ey (1.7)

II. GIA TOC
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1. Dinh nghia
Gia toc 1a dai luong dac trung cho su bién thién clia vecto van toc.
2. Biéu thirc
Xét chat diém M chuyén dong trén quy dao la dudng cong (C) tai thoi
diém t c6 van t6cv, tai thoi diém t’=t+/A\t n6 c6 van téc ' = v+ Av
Luong bién thién clia vecto van tdc trong khoang thoi gian At 1a: Av=v'—v

=> Vecto gia t6c trung binh biang do bién thién trung binh cia vecto van toc
. e AV
trong mot don vi thoi gian: a, = 2y

At
(1.8)
Khi At—0 thi acua chat diém & thoi diém t dugc xac dinh:
i1 4 4’7
VA "4 ar
=> + Gia t6c chuyén dong clia chat diém 1a mot vecto bing dao ham bac nhat
theo thoi gian clia vecto van toc.
+ Hay bang dao ham bac 2 theo thoi gian ctia ban kinh vecto 7
- Trong hé toa do Pecac ta viét duoc:
i+ +——k 1.10
a' " aa s ar ar! T ar (1.10)
- Céc hinh chiéu ctadtrén cac truc x,y,z bang:
d 2 dV 2 d 2
I ST BT
dt dt dt dt dt dt
- D0 16n cua gia toc duoc tinh theo cong thic:

d’x d’y d’z
a=.la;+a; +a’ =\/(dt2 )2+(dt2 )2+(dt2 ) (1.12)
3. Gia toc tiép tuyén va gia toc phap tuyén

- Tai thoi diém t diém M ¢6 van toc: v
- Tai thoi diém ’=t+At diém M c6 van t6c v' = v + Av

(1.9)

a=

V=v+BD=v+Av=>Av=y—v
Chiéu (1.9) nén truc r va n ta dugc:

a =1; Av, N . Ay,
’ A];I;I()l At At—0 At

a_: gia toc tiép tuyén
a,. gia toc phap tuyén
a. Gia toc tiép tuyén:a,,

Av=BC= | MC-MB | =v’cosa - v=V’(1-2sin’ %)

v'(1-2sin? %) -V Yy 2sin’ Ap Av
=> 4 =lim —lim Y —fim——2 —im=Y 0  (1.13)
At—0 At At—0 At At—0 At At—0 At
2
Theo dinh nghiia dao ham: a, = % _ % (1.14)
t

=> Két luan: «, dic trung cho su bién thién cta vecto van toc vé gia tri vecto nay.
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- C6 phuong trung véi tiép tuyén cua quy dao tai M.
- C6 chiéu la chiéu chuyén dong khi v tang va chiéu ngugc lai khi v giam.
- C6 d0 16n bang dao ham do 16n van toc theo thoi gian.
b. Gia toc phap tuyén: a,
Av,

= lim —~ 1.15
a, = lim =" (1.15)

Theo hinh c6 Av,=ME=v’sinA\ ¢

. . 2
m = mv‘wgﬂz lim Sin A limglimﬂlimv'zl.v.l.v:v—
t—0 At At—0 At A(/) As At—0 A¢ At—0 Af A0 Ag A—0 R R

(116)
=> ¢_dic trung cho su bién thién vé phuong ctia vecto van téc, a, c6:
+ Phuong trung véi phap tuyén cta quy dao tai M

+ C6 chiéu huéng vé tam cua quy dao
2
pd A Z, V
+ CO dO IO'Il a, :ﬁ

c. Gia t6c toan phin: a=a, +a, (1.17)
+a,=0 : v khong thay ddi phuong: chuyén dong thing
+a_=0: v khong thay ddi chiéu va gia tri: chuyén dong cong déu.

+a=0: v khong thay ddi phuong chiéu va gi4 tri: chuyén dong thang déu.
1.1.3. MOT SO DANG CHUYEN PONG DPAC BIET.

I. CHUYEN PONG THANG PEU.
L2 chuyén dong c6 qu§ dao 1a duong thing, v khong ddi, a= 0
Phuong trinh chuyén dong: S=S;+vt

Sy: quang duong ban dau

II. CHUYEN PONG THANG BIEN POI PEU
La chuyén dong c6 quy dao thing vA gia toc a«khong doi: a =0;

v . V=1,
a =—=const, a=a,= > v=y,t+at

dt t
+ Chuyén dong cham dan déu: a.v<0
+ Chuyén dong nhanh dan déu: a.v>0

- Phuong trinh quang duong: v = % = ds = vdt = (v, + at)dt (1.18)

2

Ldy tich phan hai vé& ta c6: s = %+ vt (1.19)

Khu thoi gian t trong (1.19) ta duge v’ —v; = 2as
IIL. CHUYEN PONG TRON

+ Van t6c g6c: o= %‘f (1.20)
+ Van toc dai: v=R.0 (1.21)



v? _ (Rw)* _

+ Gia toc phap tuyén: a, = raay R’ (1.22)
+ Gia téc goc: B, = AA_‘;’ (1.23)

* Bai tap: 1.1; 1.2; 1.12; 1.13; 1.14; 1.15; 1.24—1.27/19 sbt

1.2. PONG LUC HOC CHAT PIEM
1.2.1. CAC PINH LUAT NEWTON. CAC LUC LIEN KET

I. PINH LUAT 1.
- Khi mot chat diém co 1ap (ko chiu mot tdc dong nao tir bén ngoai), néu dang
diing yén no sé ti€p tuc ding yén, néu dang chuyén dong thi chuyén dong ctia né
12 thang déu.

- Dinh luat quén tinh: Mot chat diém co 1ap bao toan trang thai chuyén dong ctia
no.

II. PINH LUAT II.

a) Chuyén dong ctia mot chét diém chiu tac dung cia céc luc c6 téng hop F#0 1a
mot chuyén dong c6 gia toc.

b) Gia t6c chuyén dong ctia chat diém ti 1& v6i tong hop luc tdc dung F va ti 1e
nghich v6i khéi luong ctia cht diém &y: & = k-
F

Néu k=1 =a- (1.24)

m

(1.24) 1a phuong trinh co ban ctia co hoc chat diém
- Phuong trinh Newton: F = ma

+ V6i dinh luat Newton I: F=0

!
IIl
U

= const
+ Véi dinh luat Newton II: F#0—d =

III. PINH LUAT I11.
- Khi chat diém A tdc dung 1én chét diém B mot luc F thi chat diém B ciing tdc
dung lén chat diém A mot luc F', 2 luc Fva F'ton tai déng thdi ciing phuong,
ngugc chiéu va cuing cuong do.
- N6i cach khac tong hinh hoc cdc luc tuong tac gitta 2 chat diém =0
F+F'=0 (1.25)
- Chi y: & cong thiic (1.25) téng 2 luc Fva F' bang khong nhung tic dung
cua chiing khong khir nhau vi diém dit ctia chiing khac nhau.
- Téng céc noi luc ctia mot hé chat diém co lap (hé kin)=0
1.2.2. PONG LUONG

1. THIET LAP CAC PINH LY VE PONG LUONG.



- Chat diém khoi lugng m chiu tidc dung ctia mot Iuc F (hay nhiéu luc).

-ma:ﬁ@m%:ﬁ@d<’””:ﬁ@d(ma):ﬁdf (1.26)

-Dit K =mv: goi la vecto dong luong

= Dong luong 1a dai luong vecto dugc xdc dinh bing tich s gitta khoi luong va
vecto van toc: K =mv (1.27)
Thay (1.27) vao (1.26) ta c6 dK = Fdt (1.28)

=PDinh ly 1: Pao ham dong lugng cia mot chat diém doi vé6i thoi gian co gid tri
bang luc (hay téng hop cdc luc) tdc dung lén chét di€ém do.

jdlzzjﬁdzzFAtzﬁzﬁAt (1.29)
4
= Dinh 1y 2: Do bién thién dong luong ciia mot chat diém trong mot khoang thoi
gian ndo d6 ¢ gia tri bing xung luong cua luc tdc dung lén chét diém trong
khoang thoi gian dé.

—

AK

(129) » F==2- (1.30)

= Do bién thién dong lugng cta chét di€ém trong don vi thoi gian ¢6 gia tri bang
luc tac dung lén chat diém do.
2. Y NGHIA CUA PONG LUQNG VA XUNG LUGNG CUA LUC.

- Y nghia cta dong luong: Khi khao sat v& mit dong luc hoc chat diém ta
khong thé chi xét van toc ma phai dé cap dén khoi luong. Nghia 1a van t6¢ khong
dac trung cho chuyén dong vé phuong dién dong luc hoc. Do d6 ma dong luong
moi dic trung cho chuyén dong vé phuong dién dong luc hoc. Khi hai vat va
cham dan héi véi nhau thi két qua va cham dugc thé hién bang dong lugng cua
cac vat. Vay dong luong dac trung cho kha nang truyén chuyén dong.

- Y nghia ctia xung lugng: V& mit dong luc hoc thi két qua tic dung cla
luc khong nhitng phu thudc cuong do luc tic dung ma con phu thudc thoi gian
tac dung cta luc. Néu cung mot luc tic dung nhung thoi gian tdc dung khac nhau
thi két qua tdc dung s€ khéc nhau.

3. CAC PINH LY VE PONG LUONG

_Dinh Iy 1: AR = FAr (1.31)
- Pinh 1y 2: % _F (1.32)

4. DPINH LUAT BAO TOAN PONG LUQONG

Xét mot hé vat co 1ap gom n chét diém ¢6 khoi lugng m,, m,....., m, gia su
F,,F,.....,F, 1a cac ngoai luc va F—fl?z ...... F 1a cdc ndi luc tac dung 1én moéi chat
diém trong hé vat. 4p dung dinh ly dong luong (1.28) d6i véi mdi chat diém m,,

m,..., m,.
dK, — — dK, — — ik — —
L=F +F;—2=F, +F,u.... —2=F +F,
dt dt dt (1.33)

Cong v€ véi v€ clia cac phuong trinh nay véi nhau:

S K _4SK -SR-S

(1.34)



ZF 0 Y F. =0

-Néuhécolap > = va
7103
N dt\'S =0 hay ZKi =K, +K, +...+ K, = const (1.35)

i=1
(1.35) biéu dién dinh luat bao toan dong luong
- Thuc t€ khong ¢ hé vat c6 1ap — hé qua

n

—_—

* Néu tong cac ngoai luc tdc dung lén hé triét tieu (= i 0) thi tong dong luong

cia hé chat diém khong «co6 lap clng duoc bao  toan

ZH:IZ :Z+E+....+E =const .

>‘:_lNé'u hinh chiéu trén phuong x ndo d6 cta téng céc ngoai luc tic dung lén hé

vat triét tiéu 217 =0, thi hinh chiéu trén phuong x ciia téng dong luong cuia hé
i=1

vat khong co 1ap cling duoc bao toénzn:fi =K, +K, +..+K, =const.

i=1

5. UNG DUNG PINH LUAT
a. Giai thich hién tugng sting bi giat Iui khi ban
v=-"1y trong d6:  v:cuadan
M

V: clia suing
b. Nguyeén tic ctia chuyén dong phan luc

M
v=uln—2
M

1.2.3. TRUONG HAP DAN. NGUYEN LY GALILE

1. PINH LUAT HAP DAN
F =F =g2% (1.36)
r

G=6,67.10"'N.m/kg?

2. TRUGNG HAP DAN
- Truong hap dan dong vai tro truyen luc hap dan tur vat nay dén vat khac.
3. NGUYEN LY TUONG POI GALILE

Khong thé bang cac thuc nghiém co hoc thuc hién trong hé quy chiéu
quan tinh ma ta c6 thé phat hién duoc hé quy chi€u d6 dang ditng yén hoic dang
chuyen dong thang déu.

4. PHEP BIEN DOI GALILEO VA SU BAT BIEN CAC PHUONG TRINH CO
HOC
a. Khong gian va thoi gian trong co hoc c¢6 dién



-Xét2hqc O xyzt-ding yén va O'
x'y' z' t'- chuyén dong doi v6i O doc
theo truc Ox, chon goc thoi gian tai
thoi diém O tring O'.

-t =t' : thoi gian c6 tinh chat tuyét o’ X

doi, khong phu thudc hqc AB X
- Vi tri khong gian c6 tinh chat tuong
doi, phu thuoc vao hqc.

x =x"+ 00 Yy =Yy z=17 y

b. Phép bién d6i Galileo

Néu O' chuyén dong thiang déu vé6i van toc V doi véi hqt O thi: O0' = V.t

Khidét=t; x=x"+ V.t ;Y=Y z=17 (1.37)

hoac t'=t; x'=x+ V.t ;y' =y Z=z
(1.37) 1a phép bién déi Galileo
* Hé qua:

- Khoang thoi gian dién bién ciia mot qua trinh cé tinh chat tuyét doi,
khong phu thuoc hqc. That vay At =t, - t, trong O va At' =t', - t', trong h¢ O' —>
At=At'".

- Khoang cdch gitta hai diém trong khong gian c6 tinh chat tuyét doi,
khong phu thudc vao hqc. That vay gia su chiéc thuéc AB dat doc truc O'x' trong
hé O' ¢6 do dai la [=x'g - X', , trong hé O do dai cua thudc nay la /= xg - X,

Vix,=X,,+Vitvaxg=x5+Vito>l=]
c. Su bat bién cua cac phuong trinh co hoc
- Gi4 str chat diém M c6 khai luong m chiu tdc dung cha luc F chuyén dong véi
gia toc a trong hé quan tinh O.
= Phuong trinh chuyén dong trong O 12 : F = ma
Chiéu phuong trinh nay xudéng cac truc toa do Ox, Oy, Oz:

2y dzy 2,

ma.=m T oma, =m : ma. =m 1.38

! dt’ Y dt’ ’ dt’ (1.38)
2 20 2 2 0 2 20
Ta c6 thé viet: dr= dr; 252X, A4y _dV_p 4z _dz_,
dt dt ’ dt dt dt dt
(1.39)
Thay (1.39) vao (1.38) ta tim duoc phuong trinh chuyén dong trong hé O'":
s ma = F

— Céc phuong trinh co hoc bét bién qua phép bién d6i Galileo nghia 1a hé quy
chiéu O' chuyén dong thang déu déi véi hé quy chiéu O ciing 12 hqc quan tinh
= md = ma'+ mA
Néu O’ chuyén dong thing déu thi A=0= a=da'= F =ma' (1.40)
(1.40) 1a phuong trinh co ban cta chat diém chuyén dong trong O’
= Hay dinh luat Neewton thoa man ca trong hé¢ O’—Q’ ciling 1a hé¢ quy chiéu
quén tinh.



- Nguyén ly: Cac phuong trinh co hoc trong moi hqc quan tinh c6 dang nhu
nhau.

- Moi dinh lua co hoc xay ra trong cac hé qcqt 1a nhu nhau chi€u phuong trinh

F =malén céc truc x’,y’,z’ ta co:

—_—

F. =ma_; F,=ma, ; F. =ma. (1.41)
5. CHUYEN PONG TRONG HE QUY CHIEU CO GIA TOC
a. Qui tic tong hop van toc va gia toc
Xét van toc va gia toc cta chat diém chuyén dong d6i véi hai hé O va O'
O: 1a hqc quan tinh ding yén goi la hqc tuyét doi
O': 1a hqc tuong doi
vi tri ctia chat diém d6i v6i hai he O va O' xdc dinh bdi vecto ban kinh » = OM va
F'=0M'.Diat R=00', tac6 hé thic:  r=r'+R (1.42)
Lay dao ham theo thoi gian cua (2.17)
ﬂ:@+d—R:ﬁ+d—R hay v=v+V (1.43)
dt dt dt dt' dt
— Van t6c tuyét d6i cta chat diém bing tong vecto clia van toc tuong doi cua
chat diém d6 va van toc theo.
Lay dao ham theo thoi gian cua (1 43)
dv _dv dv A dv
—=—+—=—+— hay a=d'+A
dt dt dt dt' dt
— Gia toc tuyét doi clia chat diém béing téng vecto cua gia toc tuong doi clia
chét diém d6 va gia toc theo.
b. Phuong trinh chuyén dong trong hqc c¢6 gia téc - Luc qudn tinh
a: 12 gia toc tuyét d6i ctia chat diém doi véi hé tuyét doi O,
a': 1a gia toc tuong d6i ctia chat diém doi véi hé tuong d6i O'
A 1a gia toc theo ctia he tuong d01 O' doi véi hé tuyét doi O.
Theo qui tic téng hop gia toc, ta c6:a'=a— A4
Nhan 2 v€ v6i m ta nhan dugc phuong trinh: ma'=F +(-mA) = F + ITq, (1.44)
F: 1a luc quén tinh, né ludn cling phuong nguoc chiéu
— Heé quy chi€u chuyén dong c6 gia toc d6i vdi hé quy chi€u quan tinh s& khong
phai la hé quy chi€u quan tinh.
* Chd y: Khi khdo sdt chuyén dong cta chat diém khoi luong m trong hqc khong
quén tinh O', ngoai ngoai lyc F tic dung lén chat diém ta phai ké dén luc quan
tinh F =-mA. Luc quén tinh F—q, chi xuét hién trong hqc khong quan tinh O'
chuyén dong véi gia toc theo 4 =0, né luon ciing phuong va nguoc chiéu véi gia
toc theo 4 ctia hqe khong quan tinh O'.

*Bai tap: 2.1;  2.8-2.16/ sht
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1.2.4. THUC HANH
KHAO SAT CHUYEN PONG KHONG MA SAT TREN PEM KHI
KIEM CHUNG BA PINH LUAT NIUTON

1.3. CONG VA CONG SUAT
PINH LUAT BIEN POI VA BAO TOAN CO NANG
1.3.1. CONG VA CONG SUAT CUA LUC
1. CONG CUA LUC.
- Luc F tdc dung vao chat diém lam chat diém chuyén dong dugc doan dudng
thing S =MN: A=F.S. cosa
— dA=Fds.coso= F.ds
= Chét diém chuyén dong trén dudng cong CD — Cong cua luc F thuc hién
trén CD 1a: 4 = jdA = jﬁdg (1.45)

+ A> 0 = F: Sinh cong phat dong.

+ A< 0 = F: Sinh cong can.
2. CONG SUAT CUA LUL.
- La dai luong dac trung cho toc do sinh cong, nd c6 gid tri biang cong sinh ra
trong mot don vi thot gian.
Ptb:M%P:I' A _dd Ff—ﬁﬁstcosa (1.46)

At NSO Af dt dt

= Cong suat bang tich vo hu’o’ng cla lyc tac dung v6i vecto van toc chuyén doi.

1.3.2. PINH LUAT BIEN POI VA BAO TOAN CO NANG
TRONG TRUONG LUC THE

I. CO NANG

W,- W,=A
= Do bién thién nang lugng ctia mot hé trong qud trinh nao d6 c6 gid tri bang
cong ma hé nhan dugc t bén ngoai trong qua trinh nao do.

+ A>0: Nang luong hé taing — Hé nhan cong

+ A<0: Nang luogng hé giam — H¢ sinh cong

+ A= 0: Nang luong cua hé dugc bao toan (hé co 1ap).
= KL: Nang luong khong tu mat di ma ciing khong tu sinh ra, nang luong chi
chuyén tir hé nay sang hé khac,
* Phan biét nang luong va cong:
- V61 mot trang thai x4ac dinh thi vat ¢6 nang luong xac dinh — Nang luong 1a
mot ham trang thai.
- Cong dic trung cho do bién doi ning luong cua vat, luong cong trao déi bao
gid cling twong ng v6i mot qud trinh cu thé. Vay cong 1a ham cia qua trinh bién
déi trang théi.
II. PONG NANG
- La phan nang luong xuat hién do su chuyén dong cua vat goi 12 W, phu thuoc
van toc cua céc vat chuyén dong va lién quan dén cong clia ngoai luc tic dung
lén céc vat trong hé.
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—Dinh nghia: Pong nang 1a phan ning luong ton tai do su chuyén dong cta vat
va nod ¢o tri s6 bang mot nira tich s6 gitta khoi luong cua vat va binh phuong véan

toc ctia no 1a: Wd=% mv? (1.47)

- Dinh ly: Do bién thién dong niang cua chat diém trén quang dudng nao d6 bang
cong cua luc tong hop tac dung lén chat diém thuc hién trén quang dudng do.
- That vay:Xét chat di€ém c6 khéi luong m chiu tdc dung cua luc téng hop F 1am
n6 chuyén dong tir (1) —(2) trén quy dao C. Van toc ctia vat thay déi V,— V..
@ @ _
- Cong cua F thuc hién trén quang duong d6: 4 = de§ = I mad s
M M
@ = ©) @

A= [m=2ds = [mydv =mv?| =W, -W, (1.48)

o At o) 0

III. THE NANG.

- Th€ nang la phan nang lugng duoc tao thanh do su tuong tac gilta cac vat. NO
phu thudc vao vi tri tuong doi cua céac vat trong hé va lién quan dén noi luc tuong
tac gilta cac vat trong hé do.

- Thé nang trong truong: W =mgh + const (1.49)
2
- Thé nang luc dan héi: W, = """7 (1.50)

- Do giam thé ning gitta 2 diém trong truong thé cta chat diém bing cong cua

luc thé tdc dung vao chat diém thuc hién tng vé6i su dich chuyén cua chat diém

gilta hai diém d6.1, ., ~W,, = Ay = | Fds (1.51)
NM

IV. PINH LUAT BAO TOAN CO NANG TRONG TRUONG THE.

- Khi chat diém chuyén dong trong trudng luc thé (ma khong chiu tdc dung cua

mot luc nao khéc thi co niang clia chat diém dugc bao toan.
2

m; + mgh = const (1.52)

W=W,+W, =

- Co ning clia chat diém m chuyén dong trong trong trudng duoc bao toan, con
dong nang va thé niang clua chat diém c6 thé chuyén hoa 14n nhau: dong niang
tang thi th€ nang giam va nguoc lai.

Hay Nang luong cia mot hé vat khong tu sinh ra va khong tu mat di, n6 chi
truyén tir hé vat nay sang hé vat khac hoac bién dai tir dang nay sang dang khac.

1.3.3. SU VA CHAM GIUA CAC VAT

1. VA CHAM PAN HOI
- Sau va cham 2 vat chuyén dong véi van t6c v,' va v,
Pong lugng cua hé duge bao toan
myv, +m,v, =my, +m,v, (1.53)
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Téng dong nang cua hé dugc bao toan:

my, N myvy _ mv, L v (1.54)
2 2 2 2
Sov= (m, —m,).v, +2m,v, (1.55)
m + m,
S o= (my —m,)v, +2mv, (1.56)
m, + m,
2. VA CHAM MEM
Sau va cham hai qua cdu gan chit v6i nhau va cliing chuyén dong véi ciing
vantoc:  v=/1" MY (1.57)
m, + m,

Nhung téng dong nang cuia hé vat sau va cham bi giam mot luong béng:
AW, = mv; N myvy | (my +my)v’ hay = AW, S MMy
2 2 2 2(m, +m,)
Do giam dong nang ciia hé vat ndy chuyén mot phan thanh cong 1am bién
dang cdc vat va mot phan chuyén thanh nhiét 1am néng cac vat va cham.

* Bai tap: 2.23; 2.24; 2.25; 2.26;

1.4. PONG LUC HOC VAT RAN.

1.4.1. CHUYEN PONG TINH TIEN
- Khi vat ran chuyén dong tinh ti€n moi chat diém ctia né déu vach nhiing quy
dao giong nhau, vi vady moi chat diém cua vat rin chuyen dong tinh tién déu c6

cung duong di s, cung van t¢c vv, va cling gia toc a
- Goi om,,om,,........ .,...1a cdc phan tir khéi luong trong vat ran.

- F,F,,.F...]1a téng céc ngoai luc.

_—— —

F'F,"....F..1a tong cic noi luc tdc dung lén cdc phan tir khoi luong tuong
ung.
Sm.a=F +F;6m,a=F,+F,ccerenn om.a=F +F

Cong v€ vGi vé€ cta cac phuong trinh nay, ta dugc: (Z om, jﬁ =S F 4+ F,

Vi > F'=0 nén ma=F

1.4.2. CHUYEN PONG QUAY CUA VAT RAN QUANH MOT TRUC CO

PINH

Khi mot vat rin chuyén dong quay chung quanh mot dudng thing c6 dinh A thi:
+ Moi diém cta vat ran vach nhitng vong tron c6 cling truc A
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+ Trong cung mot khoang thoi gian, moi di€ém cuta vat rdn déu quay dugc
cung mdt géc 0
+ Tai ciing mot thoi diém, moi diém cua vat rin déu c6 cling van toc goc

2
a)=% va gia téc goc ,Bzd—a)—de (1.58)

dt dt’
+ tai mot thoi diém, vecto van toc thang va vecto gia toc tiép tuyén clia
mot chat diém bat ki cta vat ran cach truc quay 1 khoang xdc dinh r dugc xdc
dinh boi céc cong thic: v=war; (1.59)
a, =fAr (1.60)

a. Moémen luc doi véi truc quay

* Tac dung cta luc trong chuyén dong quay:
- Gia st luc F tic dung Ién vat ran quay xung quanh trucA dit tai diém M:
F=Fi+F,=F +F,+F> (3.16) N

F. 1 OM nghia 1a nam theo ti€p tuyén A
ctia vong tron tam O ban kinh OM.

+ F,: khong gay ra chuyén dong quay
chi ¢6 tac dung 1am cho vat ran trugt doc
theo truc A— khong xay ra vi gia thiét
vat rn chi quay xung quanh A,

+ F,: khong gay ra chuyén dong quay,
chi ¢6 tac dung 1am vat ran doi khoi truc
A — khong xay ra

+ F.: tac dung lam vat quay quanh A
— F = F;

—KEét luan: Trong chuyén dong quay clia mot vat rn xung quanh mot truc chi
nhitng thanh phén luc ti€p tuyén véi quy dao cta diém diat méi co tdc dung thuc
su.
* Momen luc:
- Thuc nghiém ching t6 tic dung ciia F, khong nhitng phu thudc vao cudng do
ctia n6 ma con phu thuoc khoang cach r, khoang cach cang 16n thi tac dung cua
luc cang manh.
- Dinh nghia: Momen cia luc 7. d6i véi truc quay A 1a mo vecto M xéc dinh
boi
M =7 AF, =rF sin(r,F ) =1F, (1.61)
- Dé dang chiing minh rang:

+ Momen cta mot luc F d6i véi truc quay A sé& bing khong khi luc dé
bang khong hoic khi luc d6 dong phang véi A.

+ Momen M cta F do6i vé6i truc quay A 12 momen cta F. d6i véi diém O
(giao diém ctia A.va mat phing chita F, L A).
b. Thiét 1ap phuong trinh co ban ctia chuyén dong quay
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- Gia str c6 vat ran quay quanh truc cd dinh z, xét chat diém thit i ¢6 khoi lugng
cach truc r; chiu tadc dung cua ngoai luc tiép tuyén F, :

F,=ma

i
nhan c6 huéng 2 v&€ véi ban kinh vecto: —

r,=0M,

P e e = = z
- Ei/\”i:mian/\ri ma Fn‘/\ri:Mi

mat khac
a, A1, =1, N(BAT) = (15,,1) B~ (1 B)r, =12 B0
— mp =M, (1.62)
hay (Y mr")f=Y. M (1.63)
i=1

dat >M,=M: Téng hop momen cic
ngoai luc tdc dung lén vat ran
Y my? =1:Goila momen quén tinh

= If=M (1.64)
(1.64) 1a phuong trinh co ban ctia chuyén dong quay cua vat ran
Ny % (1.65)

= Nhan xét:

- Gia toc goc trong chuyén dong quay ciia vat ran xung quanh mot truc ti 1& véi
téng hop momen cac ngoai luc doi véi truc va ti 1¢ nghich véi momen qudn tinh
ctia vat ran doi vdi truc.

- Phuong trinh (1.65) c6 dang tuong tu phuong trinh co ban ctia dong luc hoc vat
ran tinh tién.

- Momen luc M (giong F) dic trung cho tdc dung cua ngoai luc 1én vat ran
chuyén dong quay.

- Gia toc géc g (giong a) dic trung cho bién thién trang thai clia chuyén dong
quay.

- Momen quén tinh I (giéng m) dic trung cho qudn tinh cta vat ran chuyén dong
quay.

- That vay cing momen luc M tac dung. Néu momen quan tinh I cang 16n thi gia
t6c géc B cang nhd va van toc géc wbién thién cang it, nghia 1a trang thai
chuyén dong quay ctia vat ran thay doi cang it. Nghia 1a trang thdi chuyén dong
quay cua vat ran thay doi cang it.

c. Momen quéan tinh ciia mot s vat ran ¢6 dang doi xiing.

ml®

- Thanh dong chat doi véi truc quay A: 1, = >

2
- Khoi tru dac dong chat: 1, = mk

- Vanh tru réng: I,=mR?

- Khoi cau: 1, =%mR2
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- Ban phang chit nhat: 1, = %m.(az +b%)

d. Dinh ly Steiner- Huyghens

Muén tinh moémen quén tinh cta vat ran d6i véi truc A song song véi
trucA, thi phai st dung dinh 1y Steiner- Huyghen
- Dinh ly: Momen quén tinh I ctia vat ran d6i véi truc A bat ky bang momen
quén tinh I, ctia vat ran d6i véi truc A, ( di qua khoi tam G) song song véi A
cong véi tich so gitra khoi lwong m cua vat véi binh phuong khoang cach a giita
hai truc do.

I=1, + m. a

1.4.3. CAC PINH LY MOMEN PONG LUONG
PINH LUAT BAO TOAN MOMEN PONG LUQONG

I. MOMEN PONG LUONG CUA VAT RAN
- Gia st vat ran quay quanh truc ¢d dinh z vé6i van toc goc o
- Xét chat diém thit i cdch truc quay r;, c6 khéi luong m,, v=r, »; dong luong
Z = mi‘:
- Momen dong luong cua chit diém d6i véi truc z 1a
L =rAK, Vir, LK. nénL =rK,=rmyv z
=L =mr’w
Vat ran 1a hé chat diém nén momen dong luong cua vat
d6i v6itruc zsE 1a L, = Zf vi cac mOomen dong luong
cung huéng nén: L, =) L = mr’w
Theo dinh nghia vé momen quan tinh d6i véi truc z thi:
Smp?=1, vay L =l hay L. =1, (1.66)
— Vay momen dong luogng cuia vat ran quay quanh truc
c6 dinh bang tich gita mémen quén tinh cta vat doi véi
truc quay va van toc cua no.

Vecto momen dong luong c6 phuong nam trén truc
quay cua vat va c6 huéng truing véi huéng cua véc to van toc goc.
II. CAC PINH LY MOMEN PONG LUQONG
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Trong phuong trinh co ban ctia dongluc hoc vat ran quay quanh truc c6

1.B=A7:1.d_”=M:M=di:A7 (1.67)
dt dt dt

—Vay: Dao ham theo thoi gian clia vecto momen dong lugng clia vat ran quay
quanh mot truc c6 dinh c6 gié tri bang tong moémen cac ngoai luc tic dung lén

dinh

vat ran do.
Tu (1.67) —>dL =M dt (1.68)
LAy tich phan 2 v€ cua (1.68) ta c6:
t2
AL=L,~-L, = |Md
t1
—D0 bién thién vecto momen dong luong clia vat rdn quay quanh mot truc cd
dinh c6 gi4 tri bang xung lugng cua tong vecto momen ngoai luc tdc dung lén vat

ran trong cung khoang thoi gian tuong tng.
I11I. PINH LUAT BAO TOAN MOMEN PONG LUONG

- Momen dong lugng ctia vat ran co 1ap dugc bao toan

(1.69)

L = 1.& = const

1.4.4. CONG CUA LUC VA PONG NANG CUA VAT RAN
QUAY QUANH MOT TRUC CO PINH

I. Cong cua luc trong chuyén dong quay cua vat ran
Xét mot vat ran quay quanh truc ¢ dinh do tac dung cua luc ti€p tuyén.

dA=F,.ds=F,.r.do=M.da (1.70)
lay tich phan 2 vé cta (1.70) A= M.Aa
I1. Pong nang cua vat ran quay quanh truc ¢6 dinh
2
W, = [“2’ (1.71)
(1.72)

AW, =A
— Do bién thién dong niang clia vat ran quay quanh truc c¢d dinh A bing cong

ctia ngoai luc tdc dung 1én vat ran d6i vé6i cling truc quay do.

III. Dong ndng cla vat ran vira quay vira tinh tién
2 2
W, = lo Lm

2 2

* Bai tap: 3.7—53.23/ sbt

(1.73)

*THUC HANH
* KIEM TRA HOC TRINH
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CHUONG 2. NHIET PONG LUC HOC
2.1. THUYET PONG HOC PHAN TU KHI VA CAC PINH LUAT PHAN
BO
2.1.1. NHUNG PAC TRUNG CO BAN CUA KHI LY TUONG
PHUONG TRINH TRANG THAI KHI

I. NHUNG PAC TRUNG CO BAN CUA KHI LY TUONG
1. H¢ nhiét dong

La mot hé vat 1y bao gobm mot s6 16n cac hat nguyén tir phan tir, cac hat
nay luon chuyén dong nhiét hon loan va trao déi niang luong cho nhau khi tuong
tac.

- Néu hé khong trao doi nhiét v6i moi trudng bén ngoai thi duoc goi 1a he
cO 1ap nhiét .

- Néu hé khong trao doi cong v6i moi trudng bén ngoai thi dugc goi 1a he
co 1ap co.
2. Thong so6 trang thai

Trang thai cua hé dugc xac dinh béi mot tap hop cac dai luong vat ly
(V,T,P,m...) cac dai lugng vat 1y nay goi la cac thong so trang thai.
3. Ap suit

La mot dai luong vat 1y ¢6 do 16n bang luc nén vuong géc 1én mot don vi

. , F
dién tich p = S

4. Nhiét do

La dai lugng dac trung cho muic do nong lanh
II. CAC PINH LUAT THUC NGHIEM VE KHI LY TUGNG
1. Dinh luat Boilo- Mariot
- T= const= P.V=const
— Dinh luat: Trong qué trinh bién ddi dang nhiét, thé tich va 4p suat clia khoi
luong khi xac dinh ti 1€ nghich véi nhau.

P,.V,=P,. V, (2.1)
2. Pinh luat Saclo
- Dinh luat: Khi thé tich khong d6i thi dp suét ciia mot khoi lugng khi xdc dinh
ty 1é thuan véi nhiét do tuyét doi cua no:

P .. h_~ _

7= const; = T (V= const) (2.2)
3. Dinh luat Gay- Luyxac
- Dinh luat: Khi dp suét khong déi thi thé tich khoi luong khi xé4c dinh ti 1¢ thuan
voi T° tuyét d6i ctia nd: P=const

thi r_ const :‘,5 _r

T T T,

4 Phuong trinh trang thai

(2.3)
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- & trang thdi (1) chat khi ¢6 4p suét P, thé tich V,, nhiét do T,
- & trang thdi (2) chat khi c6 ap suét P,, thé tich V,, nhiét do T,

PV. PV
—-L1=-22hay il = const (2.4)
T, T, T
* Xdc dinh hang so:

xét 1 mol khi & ddktc ¢6 P=1,013.10°N/m*=1,033at
1at=9,81.10'N/m?, ¥,, =22,41dm*; T,=273,16 K

J dm’at 3

RV,
Vay — " =R =R=831————=0,084———=2.10°

T, mol” K mol” K Kmol°K

cal

PV
= Phuong trinh trang thai cho 1 mol : Tﬂ =R
Phuong trinh trang thai cua khoi khi c6 khéi luong m, x1a khoi lugng ctia 1 mol

thi s6 mol: %
7,

= Phuong trinh trang thdi cia m 1a: Py = RT (2.5)
Y7,

* Bai tap: 0.1-0.10/ sbt
2.1.2. THUC HANH

2.2 NGUYEN LY THU NHAT CUA NHIET PONG LUC HQC
\ VA UNG DUNG ,

I. KHAI NIEM VE HE NHIET PONG VA THONG SO TRANG THAL

Khi khao sat su van dong cua cac hat rat nho: phan tir, nguyén tu ta khao
sdt mot tap hop cdc hoat dong giong nhau, ma su van dong ctia né dugc thé hién
bang mot s6 thong s6 doc 1ap véi nhau. Hé cdc phan tir d6 1a hé nhiét dong, cac
thong s6 do la thong so trang thai.
II. KHAI NIEM NOI NANG - CONG - NHIET
1) Khai niém noi nang
- Nang luong ctia hé: W=W +W +U
+ W, : dong niang cua hé, 1a phan ning luong duoc tao ra do su chuyén dong cua
hé
+ W, : La phan nang lugng dugc tao thanh do su tuong tac gitta hé v6i bén ngoai
+U: La phan nang lugng dac trung cho mitc do van dong bén trong ctia hé

Néu hé khong chuyén dong, khong tuwong tac thi W,=0, W=0=W=U
= Noi nang la dai luong dac trung cho mitc do van dong bén trong cua hé.

- O trang thai xac dinh hé ¢6 ndi nang xac dinh nén ndi nang la mot ham so
trang thai.
- Luong bién thién noi nang: AU =|U, -U,| (2.6)

2) Noi nang cutia khi 1y tuong
- V6i mot lugng khi da cho va & mot nhiét do xac dinh thi P.V=const=Khi 1y
tudng.
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