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Dich tiéng anh chuyén nghanh khoa hoc
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Tim va dich tas héu phyc vy cho sinh
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BAI GIANG VAT LY DAI CUGNG
Tac gia: PGS. TS D6 Ngoc Uan
Vién Vat 1y ky thuat
Truong DH Bach khoa Ha nd1



Tai liéu tham khao:

1. Physics Classical and modern

Frederick . Keller, W. Edward Gettys,
Malcolm J. Skove

McGraw-Hill, Inc. International Edition 1993.
2. R. P. Feymann

Lectures on introductory Physics

3. 1. V. Savelyev

Physics. A general course, Mir Publishers 1981
4. Vat 1y da1 cuong cac nguyén ly va ang dung,
tap I, II, III. Do Tran ngoc Hgi chu bién



Cac trang Web co lién quan:
http://ocw.mit.edu/OcwWeb/Physics/
http://nsdl.exploratorium.edu/

Bai giang co trong trang:
http:/liep.hut.edu.vn

load bai giang vé in thanh tai liéu cam tay,
khi nghe giang ghi thém vao!



Bai mo dau
e Tai liéu hoc : Vat 1y dai cuong: Dung cho khoi
cac truong DH k¥ thuat cong nghiép (LT&BT)
Tap I : Co, nhiét hoc. Tdp II: Dién, Tu, Dao
dong & song. Tdp I1I: Quang, Luong tur, VL
nguyén ti, hat nhan, chat ran.
e Cach hoc: Lén 16p LT; mang theo tai liéu cam
tay, nghe giang, ghi thém vao tai liéu.
V& nha: Xem lai bai ghi, hiéu chinh lai cung tai
liéu -> Lam bai tap.
» Lén 16p BT bat dau tir tuainE SV lén bang,
thay kiém tra v4 1am bai 6 nha. -> Diém QT hé
sO 0,3.



e Thi nghiém: Poc tai licu TN trude, ki€m tra
xong maéi dugc vao phong TN, Sau khi do duoc
sO liéu phai trinh thay va duogc thay chap nhan.
e Lam dot 1: Tir tudn E

e Tai liéu: Lién hé BM VLDC tang 2 nha D3.

- Hoan chinh bai nay méi dugc lam tiép bai sau
Cuoi cung phai bao vé TN

 Né€u SV khong qua duoc TN, khong duoc du
thi.

e Thi: 15 cau trac nghiém (mdy tinh chdm) + 2
cau tu luan, roc phach (thdy ngau nhién chdm)
Mobi nguoi 1 dé . Biem thi hs 0,7

 Diém qua trinh hé s6 0,3.



1. Doi tuong va phuong phap vat 1y hoc

e Nghién cttu cac dang van dong cua thé giéi
vat chat, thé gi6i tu nhién

« Ang-ghen: van dong bao gdm moi bién doi
X4y ra trong vii tru tir dich chuyén don gian dén
tu duy.

e Vat Iy hoc 1a mén khoa hoc tu nhién nghién
ctu cdc dang van dong tong quat nhat cua the
giGi vat chat: nhitng dic trung tong quat, cac
quy luat tong quat vé cau tao va van dong cla
vat chat



Cau tao vat chat:
Vi mo: phan tu, nguyén tir ~ 10-1°m.

7N Dién tir m_=9,1.103'kg,
-e=-1,6.10"1°C

Thé gi6i vi mo, vi mo;

Vat chat ton tai: 10ng ran khi & Truong



Cac budc nghién cuu:

1. Quan sat bang gidc quan hoic may moc.
2. Thi nghi€ém dinh tinh, dinh luong.

3. Rut ra cac dinh luat vat 1y: thudc tinh, moi
lién hé.

4. Giai thich bang gia thuyét.

5. Hé thong cac gia thuyét ->Thuyét vat 1y
6. ing dung vao thuc tién

==> Phuong phap qui nap

Phuong phap dién dich: cac tién dé ->mo
hinh->dinh 1y, ly thuyét-> So sanh véi két
qua thuc nghiém.



Vat ly 1a co so cho cac nganh khoa hoc khéc.
Su phat trién cliia cdc nganh khac tao diéu kién
cho VL phat trién

Nhiing van dé can giai
qUYét: /\—/\\—/§\\_/‘////’\/L// \\\\ \\\‘

= /\,/\\_/\\\//\/\q/
e Nang luong PR PN s 4 P

~—

e Vat liéu ma6i

« COng nghé moi

» Tin hoc phat trién xam nhap va ho tro
cac nganh khoa hoc khac



Nudc lanh



Muc dich hoc Vat ly:
- Kién thic co ban cho SV dé hoc cdc mon khic
- Tu duy, suy luan khoa hoc
- Xay dung thé gi6i quan khoa hoc
2. Céc dai lugng vat ly: thuoc ~ Toa do cua

tinh cia mot doi tuong VL vec to
e dai luong vo huéng: gid tri, amT =T 1+ 1. J+1,.K
duong 21,

e Pai luong hitu huéng: Piem
dat, phuong, chiéu, do 16n

2 2 2
r:\/rx+ry+rZ



Cac phép tinh dai luong véc to: Hoan toan
nhu trong giai tich véc to va dai so

Ol

Phép cOng

C=a+b b
Ix c=a, +b, a
Tty c,=a,+ b,
|1z c,=a+b,

Tich vo huéng 3 p = abcosa

c:\/(§+_b’)2 — \Ja? + b? + 2ab cos o



Tich co huong _

C=2ax
c=|axbl|=absina _
5 hR.2Y—th(=2) = Qui tic tam
ax(bxc)=Db.(a.c) c.(a.b) dien thuan
Cac phép dao ham, vi phan, tich phan doi véi
cac dai luong bién thién

Dai luong vo huéng bién thién theo thoi
glan:

_ op . Ao
P=0(t) o'@)= = lim =~ ~



Dai lu’orng VEC to blen thién theo thot gian

_ [F=F (1) = F(t)
F{ F=F(t _dF . AF
F=F,(0 F(0) = dt im At
F . dF, - .
dF_dFXiI ydeFZk

dt dt dt dt
Don vi, thit nguyén cua cac dai luong vat
1y: Qui dinh 1 dai1 luong cung loai lam don
vl do: Hé SI (system international)



Ponvicoban  Kihiéu Dvi

o da L mét(m)
Khoi luong M kg

Thoi gian t S

Cuong dodongdien I A

Do sang /. candela (Cd)
Nhiét do tuyétdoi T  Kenvin (K)
Luong chat mol mol

Pon vi phu: Géc phang o rad
Go6c khoi Q) steradian(sr)



Thuo nguyén: Qui luat néu 1én su phu thudc
don vi do da1 luong do vao cac don vi co
ban
ThNg = L'M™t"I'Z*TPmol*o%Q°
= R m
lwe  F=md = N=kg.—
S
N=L! M!t-2.(...)°



4. Phuong phap xac dinh sai s6 cua cac phép
do vat 1y:
Phép do: So sanh dai luong nay vo1 dai luong
cung loai dugc chon lam don vi
Phép do truc tiép: Poc két qua ngay trén thang
do I N B N

Phép do gian tiép: Xac dinh dai v
luong can do thong qua cac - (A)
phép do truc ti€p cac dai luong
l1€n quan trong cac ham vo1 dai U
luong can do. R=—




Két qua do bao gio ciling c6 sai SO :

Sai sO hé thong: Luon sai vé mot phia
--> chinh dung cu do

Sai sO ngau nhién: Moi lan do sai sO
khac nhau --> do nhiéu lan

Sai sO dung cu: P06 chinh xac cua dung
cu g161 han

Sai sO tho dai: Do nguoi do --> Nhiéu
nguoil do, loal cac gia tr1 qua léch



4.1.Cach xac dinh sai s6 cua phép do truc ti€p
A -dai luong can do, Gia tri thuc la a.

a,,a,, as,...a, la cdc gia tri do trong n lan
do
sa1 sO: Aa,=la,-al, Aa,=la,-al, ..., Aa_=la_-al

aziiai -I-EiAai :§+£iAai
L L L



Sa1 sO tuyét do1 cua mo1 lan do: Aa; =|a—a, |
n

pa=-1yas, |a—a|<Aa
@ |a-Aaka<a+Aa
Aa 12 sai s6 tuyét doi trung binh
n
Néu s6 I4n do di 16n EZAai 00— 33
n -

Sai s0 tuyét doi ctia phép do: Aa = Aa + Aag,

Ad 4. 1a sai s6 dung cu.
L o ) Aa
Sai s6 tuong d6i ctia phépdo: 0= ~ %



Vi du: Do duong kinh tru

Lan do D(mm) AD.(mm)
1 21,5 0,02
2 21,4 0,08
3 21,4 0,08
4 21,6 0,12
S5 21,5 0,02
Trung binh D=2148 AD=0,064

Sai s6 dung cu cua thuéc ADy, =0,1mm

Sai soO tuyét doi cua phép do :
AD= 0,064+0,1=0,164mm ~ 0,16mm



D=D+AD=(21,48+0,16)mm
Sai sO tuong doi cua phép do :

O = — — % = 0.16 =0,00745=0,75%

D 21,48

Qui tac lam tron sai s0: Chi con 2 chir s6
co nghia. Phan bo di < 1/10 goc

T4t ca cac chit sO déu ¢ nghia trir cac s 0
bén trai so khac 0 dau tién:

0,230 va 0,0203 déu c6 3 chit s6 ¢6 nghia.




0,00745 ==> 0,0075 = 0,75%.
va 0,0005 < 0,00745/10

Gia tri trung binh cua cua dai luong can
do phai viét qui tron dén chit s6 c6 nghia
cung bac thap phan véi chir s6 c6 nghia
cudl cung cua gia tri sai s6 da qui tron

D=D+AD=(21,48+0,16)mm



Cach x4ac dinh sai sO cua dung cu do dién:
5- CAp chinh xdc ghi tren A= 0- A,

thang do; L2

a_. Giatril6n nhatcua | 0 100mA
thang do mA
Aa;=09.a_,.=1,5%.100mA=1,5mA

D61 v6i cac dién tro mau va dién dung mau:
Aa,.=0.a
a la gia tri do duoc trén dung cu, o- cap
chinh x4ac cua thang do 16n nhat dang duoc

st dung.




Hop dién tré mau 0=-9999,90

co 0=0,2 do1 voi thang 1000 €;

G14 tr1 do duoc a=820,0 €2

=>Aa .= 0.a=0,2%.820,0=1,64 Q=1,7 Q)

Do1 véi cac dung cu do hién so:
Aa,.= do.a+n.o
0 1a cap chinh x4c;
a 12 gi4 tri do hién thi;
o la do phan giai;



n-phu thu6c vao thang do va dung cu do
nha san xuat qui dinh.

Pong ho 2000digit DT890 c6 6=0,5; n=1
cho dong 1 chiéu; U_, =19.99V;

Do phan giai:

a=U_  /2000=19,99/2000=0,01V;

S6 do hién thi U=15,78V

AU, = 0.a+n.0=

0,5%.15,78V+1.0,01V=0,0889V = 0,1V



4.2. Cach xac dinh sai s6 cua phép do gian
tiep: F=F(x,y,z)
F- dai luong do gian tiép; x,y,z- do truc

o
e SCLi: LCL: WL
OX oy 0z

:AF:EAX | aFAy: aFAz
OX oy 0z

F v+ 18 | Az
oy 0z

AF:4§E\AX:\
OX



Cach x4c dinh sai so tuong doi cua phép
do gian tiép: F=F(x,y,z)
1. Lay Ln hai vé:
InF=InF(x,y,z)

2. Lay vi phan toan phan:

d(InF)=dF/F
3. Riit gon bi€u thic
4. Lay tong gid tri tuyét doi vi phan riéng
phan vadoi d -> A

F.X,y,z—> F,X,V,Z




Videi =X S inF=Inx—In(x +y)
X+Y

dF dx d(x+y)  ydx dy

= X X+Y X(X+Yy) X+Vy
) A_F: YAX N Ay

F X(X+Y) X+V

Sai sO cua cac dai luong cho trudc lay
bang 1 don vi cta s6 ¢ nghia cudi cung.
Sai s cua cac hang so rt, g ... 1dy dén nho
hon 1/10 sai so tuong doi cua F



Do dién tro: R=U/I

InR=InU-Inl
dR dU dI )AR_AUIAI
R U | R U 1

4.3. Bi€u dién két qua bang do thi: y=f(x)




DPua d6 thi vé dang tuyén tinh: y= ax+b
Phu thudc gitta nhiét dung cua kim loai
vao nhiét do o nhiét do thap:

Cy =aT+ yT°




e Bon budc chién lugc khi giai bai tap:

1. Khong tim ngay cach tinh dap so cudi cung.

Hay chu y dén diéu kién dau bai.

2. Hay nghi dén cac cong thic ap dung va di€u
kién cua no.

3. Quan sat ki hinh v€, ting phan hinh v€.

4. Hay chac chan khi ap dung cac cong thuc.

« Cong cu giai bai tap:

1. V& va suy nghi can than vé luc, chon truc toa
do, nghi dén cic goc.

2. Kiém tra lai: véc to hay thanh phan, Cic yéu
t6 goc: Sin hay Cos, am hay duong



Chuong 1
PONG HOC CHAT PIEM

Bai giang Vat 1y dai cuong
Tac gia: PGS. TS b6 Ngoc Uén
Vién Vat ly k¥ thuat
Truong DH Bach khoa Ha no1



Pong hoc: N/C cdc dic trung cua chuyén
dong va nhitng chuyén dong khéic nhau
(khong tinh dén luc tac dung)

Dong luc hoc: N/C moi quan hé giira
chuyén dong véi tuong tac gitta cac vat (
co tinh dén luc tac dung)

Tinh hoc la mo6t phan cua Bong luc hoc
N/C trang thai can bang cua cac vat



1. Nhitng khai niém mao dau 'z

F P s A P CR
Thay doi vi tri so véi vatkhdc. 3 =y
Vat coi la diing yén lam moc goi la'x

hé qui chiéu

1.2. Chat diém: Vat nho so v6i khoang céach
nghién ctru -> Khoi luong vat tap trung ¢ khoi
tam. va hé chat diém: ‘
Tap hop nhiéu chat diém = Hé chat diém

1.3. Phuong trinh [ x=t,(t) Z

chuyén dong cia M { y=t,(1 ?é r(t)

chat diém =Y ox oy

1.1 Chuyén dong va hé qui chiéu: ‘@, _




1.4. Qui dao: Puong tao boi tap hop cac vi
tri cua chat diém trong khong gian
F/t qui dao:Khu tham so t trong t/t cd:

Vi du: F/t chuyén dong:
X=a.CoS(Ot+Q)
y=a.s1n(mt+Q)

F/t qui dao:

1~

y

X’+y?=a’ 1.5. Hoanh d6 cong:

Vi tri chat diém xdc dinh boi cung AM=s
Quang duong s 1a ham cua thoi gian s=s(t)



2. Van toc
2.1. Dinh nghia van toc:
Tai thoi diém t chat diém tai AM =s
tai thoi di€ém t’= t+At -> v>0

AM' =5" =5+ AS As N
van toc trung binh v =— V<l

, Ly ﬁm As ds
an toc tuc thor: = T e
Van toc tuc tho A0 Af It
2.2. Véc to van toc M M
. ... As ds
V=Ilim—=—



2.2. Véc to van toc trong hé toa do dé cac:

A
P Z

OM=T1r OM=7=7+dr M
MM'=di  dS=df 4
G _ r DPao ham vecto toa 0 y

~ dt  do theo thoi gian

s _dX
Yx =t v=\/v§+v2+v§
. dy y
V:< Vy—a
_ 4z dX,, , Ay, , 0Z,,
V, =— = —) +(—) -+
V2 T gt \/(dt) (dt) (=)

dt



3. Gia toc
3.1. Dinh nghia va biéu thic clia véc to gia toc:
TaiM: t,V  Tai M = t+At, V'

AV = V'—V
A=y a=limy, A =
th = o = — = —
dv, X
O = dt  di® 2 .2 .2
. _dvy_dZy a:\/ax+ay+az
o —\/(dzx)z (@Y ({2
a,=—L="" t2 dt?2 dt?2




3.2 Gia toc tiép tuyén va gia toc phap tuyén

Chiéu véc to gia toc 1én ti€p tuyén va phap tuyén
cua quy dao
A=d,+3

—

a, Gia toc tiép tuyén

3 gla toc phap tuyén

n



» (ia toc tiép tuyén
- C6 phuong tiép tuyén véi qui dao
- Cho thay su thay doi gid tri cta van toc
L . AV dv
-Cogiatrt a, =lm,  —=—

At dt
- C6 chiéu tuy theo gia
tr1 Am, duong cua dv/dt




» (Gia toc phap tuyén

- Mitic do thay doi phuong cua van toc
- C6 phuong trung phap tuyén cua quy dao
- Huéng vé phia 10m ctia quy dao
- Co gia tri
gla 1 V2
TR



Két luan

=3, +4

2

dv V dao
iy

e a =0 -> chuyén dong thang
» a=0 -> chuyén dong cong déu
e a=0 -> chuyén dong thang déu



4. Mot s6 dang chuyén dong co dic biét
4.1. Chuyén dong thang bién doi déu:
_ = vZ-v2,=2as
a=const a_, =0 M
dv Oe ©
a=a, =— = const
dt v = [adt = at + v,
ds

at*
v_a:at+v0:>s:j(at+vo)dt: -Vt

4.2. Chuyén dong tron
Tar M: t
Tai M’: t’=t+At => OM quét AB

AD . AO db
—  o=lmy ,—=— T=2—n; v

o =

At At dt o T on



— \ —

Quan hé gita ® va v &
MM = As = R.A0

. AS . AO v
v=R.®o = Vv=0xR Qui tac tam dién thuan
Hé qua: v®  (Ro)’
> 4 an:_:( ) — R?
R R
Gia toc goc: Tai {,
TaiM: tU'=t+Al, 0'=0+A®
8 = lim Ao _ do d“o
MOUAL T dt dt?




&
=
l
=

>

4

|l

=3
o

-

Qui tac tam dién thuan f

Tuong tu nhu trong chuyén dong thang:

o =Pt + o,
2
2

®° — oF = 2pO



4.3. Chuyén dong vdi gia toc khong doi

_ Yt
a - a’X_O .o V i
k ay:'g VOY éhmax
dv, A i ;
T Vox ? :
dv Phuong trinh chuyén dong
_y — _g )
dt (X =V, CoSa.t
2
vV, =V, C0Sa M - . gt
- =V, SIn a1
V, = Vg sino — gt Y =Vo )

2

gX
2V§ COS® o

Phuong trinh qui dao y = xtga




4.4. Dao dong thang diéu hoa

phuong trinh dao dong 07 %
x = A.cos(ot + @)

Tuan hoan theo thoi gian: x(t)=x(t+nT)

T_2%
d(D
X -
= — = —A.sin(ot
V m (6} ((D _I_(P)
2

S dt dt?



5.Tong hop van toc va gia toc

di _dr' doo' d _d &

r =r'+00'
dt  dt  dt
=V =V+V

V Vto vtoe trong hqe O

y| ly

_ — - N/ =, >
dt d'['/ / XX

Z Z,

V' Vio vtoc trong hgc O’
VV Vto vtoc O’ doi véi O

Véc to van toc cua chat diém doi v6i hé gchiéu
O bang tong hop véc to vtdc cua chat diem dé
doi v6i hé gc O’chdong tinh ti€n dvéi hé ge O va
vto vtoc tinh tién cua hé gc O’ doi véi hé qc O



dt dt dt
a Vto gia toc M trong hgc O

dv dvIdV :>§:§'+A

a’ Vto gia toc M trong hqc O’
A Vto gia toc O’ d6i v6i hqe O
Véc to gia toc ctia chét diém doi véi mot hé
gchi€u O bang tong hop véc to gia tdc cla chat
diém d6 doi véi hé qc O’chuyén dong tinh tién
doi véi hé qc O va vto gia toc tinh ti€n cua hé qc
O’ doi véi hé qc O



Chuong 11
PONG LUC HOC CHAT PIEM

Bai giang Vat 1y dai cuong
Tac gia: PGS. TS b6 Ngoc Uan
Vién Vat 1y k§ thuat
Truong DH Bach khoa Ha no1



|saac Newton



1. Cac dinh luat Niuton
1.1 Pinh luat Niuton thit nhat:
Chat diém co lap v = const
Khong chiu mot tac dung nao tu bén ngoai,
chuyén dong cua né duoc bao toan

-> dinh luat quan tinh
1.2. Binh luat Niuton thit hai:Chuyén dong cla

chat diém chiu tong hop luc F # 0 1a chuyén
dong c6 gia toc
Gia toc ctia chat diém ~ F va ~ nghich v6i m
s _ 1 F£0—>da=0 -
m Trong hé SI k=1 d = m

—
;"K - N V
————————>




e Phuong trinh co ban cua co R
hoc chat diém: ma = F
e H¢ qui chi€u quan tinh: ~
Nghiém ding Phuong trinh ma =F

1.3.Luc tdc dung lén chét diém trong

chuyén dong cong a

ma = ma, + ma,
F=F +F, F
Luc tiép dv Luc phap - v?



1.4. Dinh luat Niuton tha ba
F-O® F E
F+F=0
Tong noi luc trong hé =0

2. Chuyén dong tuong d6i va nguyen ly Gahle

O’chuyén dong doc theo  yl |y’ e
ox véivan toc V , oy//o’y’, | oM
0z//0’z’ < 5, o
Thoi gian 1a tuyét doi: s

t=t’



Khong gian la tuong doi:
X=X"+00"=X"+Vt’
y=y’; z=z’=> chuyén dong la tuong doi.

Khoang khong gian la tuyét doi: 1=I’

X; =X"1{ +Vt'; X, =X7 +VU'=> |=x,-x,=x",-x "=
2.1. Phép bién doi Galilé:

x=X"+Vt’; y=y’; z=2"; t=t’

va nguoc la1 X’ =x-Vt; y'=y; z'=z; t’=t



2.2. Tong hop van toc va gia toc

di _dr' doo' d _d &

r =r'+00'
dt  dt  dt
=V =V'+V

V Vto vtoc trong hgc O_

y ly

- — ‘ s =, >
dt d'['/ / XX

Z Z’

V' Vio vtoc trong hgc O’
VV Vto vtoc O’ doi véi O

Véc to van toc cua chat diém doi v6i hé gchiéu
O bang tong hop véc to vtdc cua chat diem dé
doi v6i hé gc O’chdong tinh ti€n dvéi hé ge O va
vto vtoc tinh tién cua hé gc O’ doi véi hé qc O



dt dt dt
a Vto gia toc M trong hgc O

dv dvIdV 25:5._'_'&

a’ Vto gia toc M trong hqc O’
A Vto gia toc O’ d6i v6i hqe O
Véc to gia toc clia chat diém doi véi mot hé
gchi€u O bang tong hop véc to gia tdc clia chat
diém dé6 doi véi hé qc O’chuyén dong tinh tién
doi véi hé ge O va vto gia toc tinh tién cua hé gc
O’ doi véi hé qc O



2.3. Nguyén ly tuong doi Galilé
Hé qui chiéu quan tinh: md = F
Néu O’ chuyén dong thang déu
do1 vat O thi A=0 ma — ma

ma'=ma = F ik
O’cting 1a hgc quan tinh

Moi hé qui chi€u chuyén dong thang déu véi
hgc quan tinh cting 1a hqc quan tinh.

Cac dinh luat Niu ton nghiém dang trong
moi hé qui chi€u chuyén dong thang déu
doi véi hge quan tinh



Cac phuong trinh dong luc hoc trong cac hé
qui chi€u quan tinh c6 dang nhu nhau.
Cac phuong trinh co hoc bat bién doi véi phép
bién doi Galile
3. Mot so loai luc co hoc:
3.1. Phan luc va luc ma sat I?Q ________ IN
R=N+f £

f=kN

prQ
k - Hé so6 ma sat phu thudc vao trang thai
hai mat ti€p xuc. k<1.



3.2. Luc cang

Trén toan so1 day

3.3. Luc quan tinh
Néu hé qui chiéu O’ chuyén dong c6 gia toc doi
vGi1 hé qui chiéu O =3 -I-/B\
a Vto gia toc cua chat diém trong hqc O
a’ Vto gia toc cua chat diém trong hqc O’
A Vto gia t6c O d6i voi hge O



H¢ O’goi la hé qui chiéu khong Luc quén tinh
quan tinh

v Luc quén tinh li tam xuat hién FQTLT = ~ma,

O v2 /
FQTLT = mE






3.4. Luc huéng tam, luc li tam xuat hién khi
chat diém chuyén dong cong: ) )

e Luc huéng tam: kéochat V1 for =—F
diém vé phia 10m cua qui

dao: HT — |_ﬁn
F;,=T luc cang cua soi day

-

e Luc li tam: 1am chat diém vang vé phia
16i cia qui dao can bang vai luc hudng
tam V2
For =F=M—
HT LT
R



4. Pong luong cua chat diém

4.1. Cac dinh 1y vé dong luong
dK _ = Fomim MV _
Dinh 1y I dt =F dt

K=mv Iavéctodong lu’()’ng d(mv) _E

Dinh 1y I AK = K, — K, det drgt—ﬁdt
4 2
de:det

(1) b

Do bién thién dong lugng =

Xung luong cua luc

Hé qua:

AK _E D06 bién thién dong luong/dvi thoi
At gian=Luc tac dung



4.2.Y nghia clia dong luong va xung luong
 Ca khoi luong va van toc dac trung cho
chuyén dong vé mat dong luc hoc
» Dong luong dac trung cho kha nang truyén
chuyén dong trong va cham
* Y nghia ctia xung luong: Tac dung clia luc
khong chi phu thudc vao cuong do, ma ca vao

thoi gian tac dung AK = MV — MV. = EAt

_ Z2mvcoso
At

O
-




5. Dinh luat bao toan dong luong cua hé chat
diém |
5.1. Dinh luat
He chat diem M,,M,, ...M_

co khoi luong m,, m,, ..., M_
Chiutéc dung lye — F,F, ... F,
C6 gia toc dy, 8y, ap

ma =F



d(zn:mivi)
Tt

n >
=F=0 =) m;V; =const

1
m,V, + m,V, +...+m_V_ = const

Tong dong luong hé co 1ap bao toan

> m;V, Khoi tam hé co 1ap hoic
V, =12 _ const  dung yén hoac chuyén

n R 2 A
Z m, dong thang déu



5.2. Bao toan dong luong theo phuong:

—_—

Chiéum,V, + m,V, +...+m_V_ = constlén truc x duoc:

myv, +m,v, +..+mV_ = const
Hinh chié€u ctia tong dong luong cua hé co
l1ap 1én mot phuong x duoc bao toan

5.3.Ung dung < Sidng giat

sungs MV Y mv = 0
Pan: m,v )
v MV
M

Sung giat vé phia sau



¢» Chuyén dong phan luc:

Tén Itra + thude: K, = MV
Thuoc phut: phut dM, vavantéc  u

Kthu()'cphutra =dM, (U +V) = -dM(U + V)
Tén Iwra sau khi phut dM thuoc:
K i = (M + dM)(V + dV)
K, = Kthu(“)'cphut ra Ktén lita K, = KI

-dM@u +v)+ (M +dM)(V + dV) =
Mdv = udM Mdv=-udM

VI
Cong thitc Xionkopxki: V = uln VO



Tai thoi diém t: He quy chi€u O
chuyén dong véi van tdc v cliing tén

lfl’a V% thu6C. / | , (M-dM)dV
Tén lua phut dM thuoc vo1 van toc u :

so vO1 O: O

-> K, sc= dM.u ‘{L ’L
Van toc tén lua tang 1én dv so v6i O i
> Ko 1i=(M-dM)dv ‘i «dM.u
So véi hé quy chiéu O: »
I<Tén 1u’a+Kthuoc 0
(M-dM)dv+dMu=0

Mdv=-udM Y :
Cong thic Xionkopxki: V= U In—=

(I
||\/
"
[
v
L

v-Van toc tén lua



5. Ung dung phuong trinh co ban cia co hoc

dé khao sit chuyén dong ctia cac vat

mi=f Fla tong hop luc tidc dung 1én chat
diém = Luc phat dong- Luc can

Vi du: Hé gobm m,, my, hé s6 ma sat k,
day khong gian, rong roc khong ma sat va khoi
luong

Luc phét dong: Py
Luc can P+f
Luc tong hop:Pg- P,-f

1 ‘ms




AY
\ —_

\

AY

\ Phd
-
-
/ 2

(M, +Mg)a=mgg—m,g(sina + kcosa)
- Mgg—m_ug(sina + kcos a)
(Ma +Mg)

d

a>0 dung
a<0 gia thiét chiéu chuyén dong lai va tinh lai tir
dau



mg.a=Pg—1T,

_ i Pp
T =mag—ma Mgg — M g(sin o+ kcosa)
T, (Ma +Mg)

;év// a8 = 1= A 7,
f e T=T,=T,=maa+P +f

Mgg —M,g(Sino + kcosa)
(Ma +Mpg)

+M,g.Sina+ m,gkcosa

1+ (sina+ kcosa)

T =m,mgxQ.
ATl (My +Mg)




6. Momen dong luong
6.1. DBinh ngh’ia momen dong lu’()’ng cua chat

diém chuyén dong so vé6i 1 diém Tam dzen thudn
L

—

L =7 x K =T xmv
6.2.Dinh 1y vé€ momen dong 0O

luong dK _ d(mv)

_ _F

) glt _at ) )
d(rxmv)zﬂxvaﬁxd(mv):qxd(mv)
dt //dé ~ dt . dt

=0 Tx ((';:V)zfxrz —t:ﬁlo(rz)

i, (F)=7xF momencualuc F déivéi O



Hé qua: Dinh luat bao toan mémen dong luong

cua chat diém di

o (F)=0="-=0= L = const

> Chat diém chuyén dong trén mat phang co dinh
Trudng hop chuyén dong tron '

K0
O)Ak
L= Rxmv=mR°0 @
V
L=Ilw

mR? =1 momen qudn tinh cta chat diém
E — | doi vol O

Y (F) 0 d_L d(lco)_
F=FR+F dt  dt o (R

o\




Chuong 111
PONG LUC HOC HE CHAT DIEM,
PONG LUC HOC VAT RAN
Bai giang Vat 1y dai cuong
Tac gia: PGS. TS b6 Ngoc Uén
Vién Vat ly k§ thuat
Truong DH Bach khoa Ha nd1



1. Khoi tam: G
1.1. Pinh nghia

M
m;gM;G = -m,gM,G ?
m; g

1 G M,

—_—

mM;G+m,M,G =0

Kh A A 9 A A o X v

01 ta:n cua h@/ chaAE diem M,, M,, (m,+m,)2
....M_ lan lugt co khoi luong m,, m,,
..., m_1a diém G xdc dinh bdi dang

thie: ' m M,G+m,M,G+..+m M G =0

m,g

Zn:mil\/l—iézo

1=1



1.2. Toa do khoi tam

M, (X;,¥:,2;) — X = |
R:(X, Y. Zi)




1.3. Van toc khoi tam

Lo [ 3
dE m; d—l 2. MV, 2.mV,
RG _ 1=l L _ =l :>v _ 1=l
dt . o
Zm, Zmi Zml
i=1 in:1 1=1
R A = . . N -
Tong dong K=>mv; = K=(>'m;).Vg
luong cua ca hé =1 i=1

Tong dong luong cua ca hé = dong luong cla
mot chat diém dit tai khoi tam, ¢ khoi luong
bang tong khoi luong ca hé, cé van toc bang van
toc cua khoi tam cua hé



1.4.Phuong trinh chuyén dong ctia khoi tam
Hé chat diem M, M,, ... M_

c6 khoi lvong m,, m,, ..., M
Chiu téc dung luc  F, Fp,. F;

n

C6 gia toc al,az,...,én
P6i véi chat diém thii: LAy tong cho ca hé:
n n
1=1 1=1
n N dv
Z mlvl - Z m; I
_ AV, dt




. _ .le
] 3
_QJl

Il
| —

' F L S
= (Q_m).Ag =F
m; > m =

1=1

—

AG:I

|
Khoi tam cua hé chuyén dong nhu chat diém c6
khoi luong bang khoi luong cua hé va chiu tac
dung ctia mot luc bang tong hop ngoai luc tac
dung 1én hé.



2. Chuyén dong cua vat ran
Vat ran 1a hé chat di€ém ma vi tri tuong doi gitta
cac chat diém d6 khong thay doi
2.1. Chuyén dong tinh tién: Tai moi thoi diem tat
ca cac chat diém cua vat ran c6 cung véc to van
toc va véc to gia toc.

Hé chat diém M,,M,, ..M m,a = 1

c6 khéiluong  m,, m,, ..., m, m,a =k,

Chlu tac dung lu’C F : F . F ...... _» ..... e

C(’)giat(“)'ca Zé: =...=an=§ m,a = F,
n

Chi can khao sat Chuyen dong > ' m;)d=F

cua khoi tam cua vat ran i=1



2.2. Chuyén dong quay
Pong hoc vat ran quay quanh 1 truc:

Moi di€ém c6 qui dao tron ciing
truc A
Trong cuing khoang thoi gian moi
diém cung quay di géc 0
Moi dieém ¢6 cung van toc géc
w=d0/dt va gia toc goc P=dw/dt=
d-0/dt?

Tai moi thoi diém V va &,

cta moOt diem duoc xac dinh d; =




3. Phuong trinh co ban ctia chuyén dong quay
cua vat ran quanh mot truc co dinh:
3.1.T4c dung cua luc

1
:
1
1
!

A |

—

F=F +F, +F

F vaF dong phang véi truc
’ quay khong gay quay vi

________

F //A F xuyén tam
Trong chuyén dong quay cua vat ran quanh
mot truc chi c6 thanh phan F, ti€p tuyén véi
qui dao cta diém dat mdi ¢6 tadc dung thuc su



Momen cualuc M=fxF, ~ M=r.F.sina=r.F
Momen cua luc doi véi truc quay
chinh 12 moémen cta luc F, déi véi O -
giao diém cua truc v6i mit phang cua
quy dao diém dit luc
3.2. Phuong trinh co ban cua
chuyén dong quay )

Chat diém thi m; a; = Fy




I B» Yy (Y m, r?) =1 Momein (11.1an tinh cua
vat do1 vOi truc quay

Z M. =M Toéng hgp momen clia cdc luc gay quay

~ (Gia toc géc ~M va ~ nghich véi |

M

g —_—  I<->mvaM<->F
3.3. Tinl momen quan tinh cua vat doi voi truc

quay: \
A¢ . dx Thanh déu: Khoi lugng M, dai L

e My,

= - L L
| — L L
2 2 2w M2, ML
Iozjx.—dX:— J.X dx =
—L L L_L 12
b5 b5



Q 00 57,

R2 10 = MR*
Iy = 5 I, = —I\/IR2
5  Pinh ly Stene-
A Ao | = | + Md2 HllyghGIl

_ Momen QT cutia vat ran
d01 vOi truc bat ky =

MLZ
12

+Md2

||
- ™[

2

2 M M 2

d+x)".—dx=— | (d+x)7.dx =

(d + x) - - I( X)
_L

2 2



4. Momen dong luong ctia hé chat diem

4.1. Momen dong luong cua hé chat

diém doi vé6i goc O
Hé chat diém M, M,, ...M_

cO khoi luong m,, m,, ..., m_
Vi tri d6i véi goc O [ Y
C6 van toc Vi Voo Vi

Momen dong luong cua hé doi véi O

Momen dong luong cua hé ,
I L=>
chat diem quay quanh truc A



M()meq dong luong cua hé E:ZEi _Zha)i
la vat ran quay quanh truc A i

O =0, =.. =0, =O®
L = (Z')O0 lo I_ZI _Zmr

4.2. Dmh 1y vé momen dong lu’(mg cua hé chat

diém -
Mot chat diém £—M,O(F):> Z —ZM/O(F)
dt i
2= Li=—+ dL _
~ dt  dt4 dt M

|
i, (E)=M Pao ham theo thoi gian momen dong
! luong ctia hé = tong hop cdc momen
ngoai luc tdung 1&én hé doi véi goc O



Truong hop hé 1a vat = Ly
ran quay quanh truc A L= (ZI: li).0=lo
_ _ t,
db _d(e) o AL=L,-L, = [ Mdt
dt dt | :
M = const = AL = MAt
Do bién thién cua moémen dong luong trong
khoang thoi gian At bang xung luong cua
momen luc trong khoang thoi gian do
d(19) _ o
dt = Ip=M

I=const

[EN




5. Dinh luat bao toan mémen dong luong

5.1. Thiét 1ap: He chat diém chiu tdc dung
ngoai luc voi momen doi véi goc O bang 0
dE — — Hé cO lapa M/O:O

e =M=0 = L =const -> LL=const

5.2. Hé quay quanh mot truc co dinh

a(|1a)1 + 1,0, + e+ 1.3,) =M =0

1,0, + 1,0, +....+ | ,®, = const
5.3. Ung dung: Hé quay quanh
mot truc co dinh véi van toc l.o» = const
gdc khong doi



Ghé Giukopxki quay quanh mot truc co dinh

 ——

l,0, + 1,0, =const =0

l,0, cua banh xe

—

l,0, cuanguoi & ghé

/’-\\ ., B
\CF?/ /f:‘\ (1)2—
™

/-\

(>




6. Con quay truc quay tu do

Con quay Cac dang



C
on quay dang quay

|

M
quay ngang .~ =——




7. Cong va dong nang cua vat ran

7.1. Cong va cong suat cua luc tic dung trong
chuyén dong quay cua vat ran

dA=F.ds ds=r. da

dA =r.F,.doa = M.da

p =22 M. 8% Mo
dt dt




7.2. Dong nang trong truong hop vat ran quay
P—M.co» dA=P.dt=Maodt
dA = IBwdt = lodw
o5 o) lo
2 2 2
Pong nang vat ran lan khong truot = Pong
ning chuyén dong tinh ti€én + Pong ning
chuyén dong quay:

Al,Z —

mv’ lo

W, = |
2 2




Chuong IV
CO NANG &TRUONG LUC THE

Bai giang Vat ly dai cuong
Tac gia: PGS. TS b6 Ngoc Uén
Vién Vat 1y k¥ thuat
Truong DH Bach khoa Ha no1



1. Cong va cong suat

E
1.1. Pinh nghia: A=F3 /

M S M’
A =F.MM'cosa coso. > 0 Luc phat dong
A = F.s.cosa cosa. < 0 Luc can

Luc sinh cong khi
diém dat cua nd
chuyén doi dA




1.2. Cong suat
Trong khoang thoi gian At luc sinh cong AA —

cong suat trung binh: 5_AA
At
Cong sudt tiic thoi  p — [im,, , 2A ddA
Al t

Cong sudt co gia tri = dao ham cua cong theo
thoi gian g = Fd3
_ds . Cong suit bang tich vo huéng
P=F—=F.V cfialuc tic dung véi véc to van
toc cua chuyén doi

P=FV



2. Nang luong

Mot vat ¢ trang thai xac dinh c6 nang luong

xac dinh.

Nang luong 1a ham cua trang thai.

He thyc hién mot cong nang luong thay doi:
W2-Wil=A

Do bién thién nang luong cua mot hé trong

mot qua trinh = cong ma hé nhan duoc trong

qtrinh do



A>0 hé nhan cong; A<O hé sinh cong

Néu A=0, nang luong hé khong doi: W, =W,
const

DL bao toan nang luong: Nang luong cua hé co
lap duoc bao toan

Cong la ham cua qua trinh; Hé sinh cong nang
luong giam -> khong thé sinh cong mai mai ma
khong nhan nang luong tu bén ngoai.



3. bong nang: Phan nang luong dng vGi chuyén
dong cua vat

3.1. Dinh 1y vé dong nang

2 dt @ ) )
o mv mv: mv
Alzz_[mvdv=_[d( ) =—° L
’ 2 2 2
(1) 5 (1) )
i — Wdl —

2 2



Do bién thien dong nang cta chat diém trong
quang duong nao do c6 gia tri bang cong cua
ngoai luctdc dung 1én chat di€ém trong quang 5

du’(\mg do A12:Wd2_Wd1 Wd _ mv

W4, > W, => Luc phat dong sinh cOng 2
W4, < Wy, => Luc can

Pong nang vat ran lan khong truot = Pong
ning chuyén dong tinh tién + Pong ning
chuyén dong quay:
mv’ o
W, = |
2 2




4. Va cham xuyén tam

¢ 0™
Hé c6 lap >>Dinh luat bao toan dong luong
m,v, + m,v, =m,v, +m,Vv,
Va cham dan hoi Dinh luat bao toan dong nang:
m,V; | m,V5 _ WA | m,V'3
2 2 2 2

__ ’ Z
Thay v,’=v,+v,’-v, c0




v, — (m; —m,)v; +2m,v,
; m, + m,
-~ _(my —my)v, +2myv,
V2 —

m, +m,
Cac truong hop riéng:
m,=m, =>V, =V, vVa V, =V,;
m,<<m, =>V, ®-vV,vav, *V,
Va cham mém: Sau va

cham hai vat dinh vao nhau ,, _ m.v, + m,v,

Van toc chung sau va m, + m,
cham:



Co nang khong bao toan vi toa nhiét,
thanh nang luong lién két, gay bién
dang v.v..

Dong ning giam:

m.v: m.v: (m.+m.,)Vv°
‘AWd ‘: 1%1 | 272 ( 1 2)
2 2 2
m.m
A\Nol — - (Vl_V2)2

- 2(m, +m,)



5. Truong luc thé

5.1. Dinh nghia truong luc thé
Truong luc: Tal mo1 vi1 tri trong truong luc
chat diém déu bi luc tic dung

F = F(F) = F(x,V, 2)

AMn = J‘r:d§ WN
MN

Néu cong A,y khong phu thudc vao dang dudng
di ma chi phu thudc vao diém dau va diém cuoi
thi F(¥) laluc cua truong luc thé -

§> Fds =0




5.2. Vi du vé truong luc thé

Trong truong déu: Gan mat Zoy |
dat g=const 3
S P g Z+dz
= [ Pds -
MN
dA = Pds = mgds. cos a ds.cos o = dz

dA = -mgdz Dau - do do cao giam
A =—jmgdz =mg(zy —Zy) ﬁPdS =0

Cong cua luc ﬂap dan chi phu thuoc vao diém
dau va diém cudi cua chuyén doi



6. Thé ning
Pinh nghia: Thé nang cta chat diém trong
truong luc theé 1a mot ham W, phu thudc vao vi
tri ciia chét di€ém sao cho A, =W ,(M)- W (N)

Thé nang duoc dinh nghia sai khac mot hang s6
cong: W(z) =mgz + C

Tinh chat: Thé nang dugc dinh nghia sai khac
mot hang s6 cong, nhung hiéu thé nang gitra 2
diém x4c dinh

e Giita truong luc thé€ va thé nang: fﬁ(ﬁ =0

e Thé nang la dang nang luong dac trung cho
tuong tac



7.Dinh luat bao toan co nang trong trudng luc thé
7.1.Co nang: Chat diém chuyén dong trong
truong luc thé  Conang: W=W,+ W,
7.2.Dinh luat: A, =W, (M)- W, (N)
A=W, (N)- W, (M)

=> Wy(M) + W (M)= W,(N) + W,(N)
=> W=W, + W, = const
Chat diém chuyén dong trong truong luc thé ma
khong chiu tic dung cua luc nao khéac thi co
nang cua nd dugc bao toan.
Trong trong truong déu (gan mat dat):
W=W, +mgh = const




7.3.So do the nang W, = W (X,y,z)

W= mv?/2 + W, = const
W (x) < W

__________ ey The€nang cua chat diém

RN khong thé vuot qui co

* nang ctia né

, Wi(x)

XAXp Xg  X(

Toa do cua chat diém nam trong pham vi:
XA, SXSXg VaX 2 Xc

Tai x, th€ nang dat cuc ti€u



Chuong V

TRUONG HAP DAN



1. Binh luat Niuton vé luc hap dan vii tru

1.1. Phét biéu dinh luat L ro .
- —i . m‘—_:——————""—_j—b m,
F+F=0 = £
G =6,67.10"""Nm?/kg?
e Hang so hap dan vii tru

2 chat diém c6 khoi lugng m, m’ hit nhau
nhiing luc F va F’ ¢o6 cung phuong 1a duong
thang noi 2 chat di€ém, cung do 16n ty 1& v6i m
va m’ ty 1é nghich r?
m = m’=60kg, r=0,1m => F=2,4.10°N
. Ap dung cho 2 chat diém
o Ap dung cho 2 hai qua cdu déng chit



1.2. Ung dung
Su thay doi gia toc trong truong theo do cao

?h,m P_mg=G Mm2
: (R + h)
g=G—
(R + h)
M

- Tréenmatdat gy =G —

2
R+ h) Gan mat dat h<<R

1 h
g,~ 9,8 m/s? 9=9 n z90(1—2E)

1+ —
( R

g =0y

)2



Tinh khoi luong cua cdc thién thé

Khoi luong cua qua ddt: g, =G %
2 612
N = gOR _ 918(61371?—1) ~ 6.1024 kg
G 0,67.10
Ze ? v \,°* I\/II\/I'
Khoi luong cua mdt troi: Fur =G R R'y2
x FLT V2 MI:
Fr=M— ' G
R' 21R
V =
|3
M= (252 BT 5 10% kg

T G



2. Truong hap dan
2.1. Khai niém vé truong hap dan:
Xung quanh mot vat cé khoi luong
ton tai truong hap dan
Bat ctt vat nao c6 khoi luong trong
truong hip dan déu chiu tic dung cua
luc hap dan: Luc trong trudng
2.2. Bao toan momen dong lugng trong trudng hap dan

L Ccll_lt_ i/ (F)=0 Luc xuyén tam
O L = const

V \ ,
Chuyén dong trén quy dao phang vudng
goc voi L=> Quy dao trai dat phang



2.3. Tinh chat truong hap dan: =~
dS=71'-T
A p_ )
dA = Fds = F.PQ.cosa
PQ.cosa =dr

M B Dau - do r giam,
dA = —Fdr = -G r—zdr F 1a luc hut

rB
A g =—G|v|mj%

A ,5 chi phu thudc
vao diém dau va
[ . 2 A ?
M Mm. di€m cudi cua
Apg = (-G—) - (-G r ) chuyén doi

A B

. .l . . . =>Truong luc thé
Dau - thé hién tuong tac hut st



PEA W - e ec W0
Thé nang cua chat diém trong trudng hap dan
duoc dinh nghia sai khac mot hang s6 cong,
nhung hiéu thé ning gitta 2 di€m hoan toan xac
dinh
2.4. Bao toan co nang cua chat di€ém trong
truong hApdan  W=W,+ W,

mv? Mm

W = +(-G——)=const C=0
r

r tang => thé€ nang tang, dong nang giam



4. Chuyén dong trong trudng hap dan cua trai dat
v,-Van toc vil tru cap |
v,-Van toc vil tru cap 11

Vv > \Y Z A A N - g
2 Ban vat 1én tr mat dat:

V) e e
v < v,:Vat ro1 tro la1t mat dat

v =v,:Vat bay theo qui dao
tron quanh trai dat

<l

V<V

v > v,:Vat bay khoi truong hap dan cua trdi dat

v, <V < v,:Vat bay theo qui dao Ellip quanh
trai dat



Van toc vii tru cap 1
Gia toc li tam = gia toc trong trudng.
Coi qui dao gan mat dat
V2

R
Van toc vii tru cap 11

Co nang khi ban = Co nang 6 xa vo clng
2 2
mvs; (=G I\/Im) _ vy, (=G I\/Im)
2 R 2 00

2
m;/2 (-G %) >0 V,>./2Rg, =11,2km/s




DAO PONG & SONG CO
(Chuong §-9)

Bai giang Vat ly dai cuong
Tac gia: PGS. TS b6 Ngoc Uén
Vién Vat ly k¥ thuat
Truong DH Bach khoa Ha nd1



Tu doc: Dao dong, Song

e Vi tri can bang
e Luc kéo veé v1 tri can bang
e Quan tinh

- Diéu kién
hé¢ dao dong:

v" Tong hop hai dao dong Cing tin s6 o cling
phuong x
Cung tan so, Phuong vuodng géc
2 2
X X
Yo Y

. 9
COS — = SIN —
af ag aa, ((Pz (Pl) ((Pz (Pl)




v" Tong hop hai dao dong vuong géc (Xem BT

L.1) Cung tan so o:

X=a,Ccos(mt+qQ,)
y=a,Ccos(mt+,)

X Yy Xy 2
af i ag aa ——C0S(¢p, — ;) =SIn“ (¢, — ¢,)

¢ Su hinh thanh séng co trong moi trudng
chat

* Cac dac trung cua song



Dao dong: chuyén dong duoc lap lai nhiéu lan
theo thoil gian

e Vi tri can bang

e Luc kéo vé vi tri can bang
e Quan tinh

1. Dao dong co diéu hoa

AR « / Khong c6 ma sat ->

E— _kx dao dong co di€u hoa

- biéu kién
hé dao dong:

1.2. Phuong trinh dao dong co diéu hoa

2
dX = —kX dz(:kx:O
dt dt m




k 2 d2X 2

X = Acos(mw,t + o)
0 Dao dong di€u hoa la dao dong c6 do doi la
ham s6 SIN hoac COS theo thoi gian

1.3. Khao sat dao dong diéu hoa
 Bién d6 dao dong: A=IxI_ ..

K
e Tan sO goc riéng  ®, = P
e Pha cua dao dong:(® t+¢),t=0->¢ pha ban dau.
V—dx— Ao, SIn(w,t + o)
e Van téc con lic:  dt 0 ot TP



e Gia toc %

2 2
con lic & = a2 —Aw, COS(myt + ) = —myX

* Chu ki dao dong: x(t+T,)=x(t), .
T m
v(t+Ty)=v(t), a(t+T)=a(t) T, =—= 271\/;

A A A 1 (00 (DO
e Tans6riéng v, =—=-"2
, 2T

* Nang luong dao

dong dié\u hoa
== mv°
2

= MA’w; sin’ (ot + ¢)



Cong do luc dan ho:i:

X X 2 kX2
A, :_[Fdx :j—kxdx=— K Wi =W, =
0 0 2 2
Thé nang:
kx® 1
Wo=="=~ KA? cos? (wpt+¢) Kk = mo?
Wiy =W, + W, = % KA®[sin*(o,t + @) +€0S” (@t + )]

W = L kA* = L mA*®; = const

2" 2 1 2w
Tan s6 goécrieng ~ “o = 7 o




—_

P=F, +F,
|F, |= Mgsin6 ~ Mg6

1.5. Con lac vat ly

Phuong trinh co ban cua vat

~

F, %L rén quay quanh truc O
~ — 2 2
P =Mg |ﬁ:|d—26:u Id—?z—l\/lgOd
ﬁ_F—Mgd 0=0 ®, = —g
dt> | V|
mg| g
m T mE



2. Dao dong co tat dan
Do ma sit bién do giam dan theo thoi gian=> tat

han Luc ma sat: F.=-rv
2.1. Phuong trinh dao dong tat dan
: d°x rdx Kk
m d_X = —kx—=r aX 5 | X =0
dt? dt dt* mdt m
K r 2
_:Q)S —=2pB d’x 2]3(;—);+@3sz

m m dt?
X

=Age "cos(ot+¢) - _2n _ 2m
® = o) —p’ o Jop P’




2.2. Khao sat dao dong tat dan

Bién do dao dong theo thoi gian A=Age™

—ART <X<AL™  Lyong gidm loga
R A(t) Age P! BT
Ay ] o0=In =In =Ine
AoCOS@\Aoe ! Al AOe_B (t+T)
AN o= BT

‘ t ] A /
Nhan xét:
_ -t '
ﬁoek R

* ®,> 3 mo1 co dao dong

_AO

* ®, < 3 luc can qua 16n khong c6 dao dong
Bién do giam theo dang ham e mi -> 0



3. Dao dong co cudng buc
- Dao dong dudi tic dong ngoai luc tuan hoan.
(bu nang luong thang luc can) -> Hé dao dong
v4i tan sO cudng bic
3.1. Phuong trinh dao dong co cudng buc
Luc dan hoi: Fy, =-kx, Luc can: F=-1v,
Luc cudng buc: F-g=Hcost

2 k
d;(} rdxl kx:ECOSQt —:(DS
dt mdt m m M
d*x dx H

=2

:
- 2B == + ®°X = — Ccos Ot —
dt? l3dt S m m



. Phuong trinh khong thuan nhat c6 nghiém:
X = Xoq+ X,
- Sau thoi gian dao dong tat dan bi tat, chi con
la1 dao dong cudng buc:
A H X = X ,=Acos(2t+D)

m\/(Q2 — )’ + 4ﬁ2£2t;q) _2BQ

3.2. Khao sat dao dong co cudng biic Q° - (DS

dA Q| 0 Joj-2p

—=0
H
dQ A L

Moy




- Tan s6 cong huong: 2 = (), xay ra cong

huong -> A=A
g max Qch _ \/(D(Z) _2[32
H
Amax — 2 \/ > -
Amax T Bm (DO _ﬁ
=0,05m,

* B Cé-ng nho hon ®,
cong huong cang nhon
; 250)0

W Q) o B:O S5 0O = R

cOng hudng nhon




3.3. Ung dung hién tuong cong hudng
/ Loi: Dung luc nho duy tri dao dong
Do tan so6 dong dién-tan so ké
Hai: gay pha huy -> tranh cong huong
4 T(Sng hop, phan tich cac dao dong (Tu doc)
" Tong hOp ha1 dao dong cung phuong x:
] Clng tan s6 :
X=a,Cos(t+,)

ot o, X,=a,COS(Wt+P,)

X X=a.Cos(Mt+)
, , 1/2




to = a,sing, +a,sing,
a, CoSQ, +a, Coso,
" Tans6 o, 2 ®, , ;= P, = P, a; =a, =3
X =a,COoS(mt+@) X,=2,CoS(W,t+¢)
a’ = 2a} +2a’ cos[(m, — ,)t+ (¢ —¢)]

a’ =2a;(1+cos[(w, — m,)t])
» (0, —®,)t Chu ki bién do 16n

2 2
a“ =4a, CoS > t " 4n
a =| 2a, cos (o, _2002) | O, — O,
+ L
X = a. c:os[((JDl ©,) -]

2



— t
Tl6n a=|2a, cos( 1~ ©) |

X = a. cos[

v\/w\/wv \/\/)t\/\/
222 4 g]

2
. Phdch 1a hién tuong tong hop hai dao dong
diéu hoa thanh dao dong bién doi khong diéu
hoa c¢6 tan so6 rat thap bang hiéu tan s6 cua 2
dao dong thanh phan
/ Ung dung trong ki thuat vo tuyén



. Tong hop hai dao dong vuong géc (Xem BT

L.1) Cung tan so o:

X=a,Ccos(mt+qQ,)

y=a,Ccos(mt+,)
2 2

X y Xy . o
| ———COS = SIN —
af a; a a, (P, — ;) (¢, — ;)
Qui dao Ellip Y1,
_________________ 2
T Qy-@=2Km X
X 'y R a

a, a, 7 @, -0=2k+1)T



T Q-0 =Ck+Dm/2 v,

2 2
X Iy _1

2 2 =
d, d,

~ Khac tan sO o:
X=a,Ccos(®t+@,)
y=achs(oozt+(p2)

F--

L g

Qui daotuy P2 hay : :
thudc vao (0, T, IS =




Song co
1. Cac khai niém mo dau
(Tw doc) 1.1. Su hinh thanh song co trong
mo1 truong chat
- Nhitng dao dong co lan truyén trong moi
truong dan hoi goi la song co hay séng dan hoi

Vat kich dong: dao dong tir/nguon séng
Phuong truyén: tia song
Khong gian song truyén qua: truong song

* song doc——; - esOng ngang —}
ran, long, khi: dan

o ran:dan hoi hinh dan
ho1 thé tich e



» C4c diém dao dong » S6ng ciu

cung pha: Mat song . Nguodn song

» Ranh giéi gitta 2 phan

T

moi truong song truyén - "e}))

qua va chua qua: Mat -

ddu song T1a song
™ Cac dac trung ctia s6ng
* Van toc song doc

G
aH¢sodanhsi (1 _[E V=0
E Modun dan hoi op p G Modun

p khoi lugng riéng cua moi truong 41yt

S6ng phang

*Van toc song ngang



e Chu ki T va tan sO v 1a chu ki va tan soO cua
phan tia dao dong trong moi trudng

» BuGc song:A 1a quang duong truyén y

song trong thoi gian 1 chu ki T A=VI =—
. L .Y
Khoang ciach ngan nhat giita cic diém co cung

pha (Hét tu doc)
2. Ham song
O v M

Tai O s6ng phang
X(t) = Acos(ot + @)

—

Tai M song cham Y | y
pha t’=t+y/v X(t') = Acos[a(t V) -]




Coi ¢=0, ham song tai diém y bat ki cich O:
27T
X = Acos o(t — X) = A cos(mt y)
V Tv

_l((Dt——y) Ve P _ 27'[ _ - _
X = Ag » >’ Véc tosong k=—n Kf = ——vy

A A
MF' -, n
| y

song lan truyén tur S
O ra xa vO cung: y(r,t) =yee

" Khong gian ba chiéu

—i(ot—kF)

séng lan truyén tir T 1) = . e (kD)
vo cung vé O : V(r D =y



_Nguén séng 1a nguon diém,
‘mat séng la mat cau

» S6ng phang:

 Cac tia sOng song song voi
nhau, mat séng 1a mat phang




4. Nang luong cua song co

Nang luong cta song: Moi truong dong nhat
dang hudéng. Xét the tich 8V ;- van t6¢ phan
OW=0W,+ oW, tudao dong

2

mu
oW ;= m=oVp U= % = —Awsin(ot - 277:y
oW, = 1pESVAZ(D2 sin’ (ot — 27Ty)
21 1 ,dXx " dx _ &sin(mt— 27ty)
SW, = == (=—)*8V dy v
2 o qy 1

1

SW, = Epestoo2 sin’ (ot — 27Ty) Vailon

ap



SW = pSVA’®” sin® (ot — 2ny

« Mat do nang luong: trong don vi thé tich

©= oW = pA°®’ sin” (ot — 2ny)
oV
» Mat d6 nang luong 1 .,
N\ ? / wtb — _pA (D
trung binh cua song 2

e Nang thong song, véc to Umop-Poynting

Nang thong song P qua mot mat nao do trong
moi truong 1a dai luong veé tri s bang nang

luong song gui qua mat do6 trong 1 dv thoi gian:
P=wSv



e Gid tri t binh = 1
1a tr1 trung bin A22Sy

cua nang thong song P =SV = 9 P
e Mat do nang thong séng trung binh: gui qua
mot dvdientich . P 1 .
O=—=—pA0vV=0,V
S 2

véc to Umop-Poynting @ = oV



BAI GIANG VAT LY DAI CUGNG
Tac gia: PGS. TS D6 Ngoc Uan
Vién Vat 1y ky thuat
Truong DH Bach khoa Ha nd1



Vat 1y dai cuong 1
http://iep.hut.edu.vn

Chuong 13

Thuyét dong hoc phan tur cac
chat khi va dinh luat phan bo



Mo dau

 Chuyén dong nhiét: chuyén dong hon loan cta
c4c phan tii/ nguyén tir / xdc dinh nhiét do cta
vat. Doi tuong cua vat 1y phan to va Nhiét
dong luc hoc.

- Hai phuong phap nghién cuu:

“ Phuong phap thong ké:NC qua trinh doi véi
ting phan tu riéng biét + dinh luat thong ké --
>Tim Quy luat chung cua ca tap the phan tir va
giai thich cac tinh chat cua hé (dua vao cau tao
phan tu)



. Phuong phap nhiét dong luc: NC bién
hoa nang luong vé: Dang, dinh luong;
Dua vao két qua cua thuc nghiém:
Nguyén 1y I & Nguyén ly II nhiét dong
luc hoc.

-->Tinh chat &Diéu kién (Khong can NC
ban chat cau tao phan tu.)

--> Giai quyét van dé thuc té tot.



§1.Nhiing dac trung co ban cua khi ly
tuong co dién
« Hé nhiét dong: gom nhi€u phan tiy/nguyén
ttr (hoac nhiéu vat)
-->M0i truong xung quanh gdm cac ngoai vat.
 Hé co lap: Khong tuong tac, khong trao doi
Nhiét & Cong vé1 mo1 truong.
Co6 lap nhiét, co6 lap co.
« Thong so trang thai: La cac tinh chat dac
trung cua hé.
-> Dai luong vat ly p, m, T,V la cac th.so tr.th
->Cac thong so trange thai: Doc lap, Phu thuoc



e Phuong trinh: f(p,V,T)=0 c6 3 thong so
p,V, T dugc chon.

n CAC DAI LUONG VAT LY/ THONG SO TRANG
THALI

o Ap suit: Dai lugng vat 1y = Luc nén vuong
gOc 1én mot don v1 dién tich.

at = 9,81.10*Pa = 736mmHg

atm=1,013.10°Pa tai 0°C, diéu kién tiéu chuan

p = o nva N _ Pa(pascal)

S m?>



« Nhiét do: da1 luong dac trung cho do
nong, lanh.

Do bang nhiét k& (Po bang cdch do mét dai
luong vdt ly bién thién theo nhiét do.

vi du: do cao cot thuy ngdn, sudt dién
dong).

e Nhiét do tuyét doi (K-Kelvin), nhiét do
Bach phan (°C -Celsius):

TK =t°C + 273,16



§2.Phuong trinh trang thai cua khi 1y tuong
1. CAC PINH LUAT THUC NGHIEM VE CHAT
KHI:

* DL Boyle-Mariotte: V6i 1 khoi khi
(m=const) Néu T=const (Pang nhiét), thi
pV=const.

* DL Gay-Lussac: V6i 1 khoi khi
(m=const)

Néu V=const (Pang Tich), thi p/T= const.
Néu p=const (Pang 4p), thi V/T=const.



Sa1 1éch gitta cac dinh 1y trén v61 thucnghiém:
khi p cao (p>500at) hoac T thap & cao.
Khi 1y twong: Khi tuan theo DL Boyle-Mariotte
va Gay-Lussac la khi ly tuong.
KLT & diéu kién tiéu chuan: T,=273,16K (0°C),
po=1,033at=1,013.10°Pa, V,=22,410.103 m°.

2. PHUONG TRINH TRANG THAI KHILY

TUONG:

1 mol khi 1y tudng ¢6 6,023.10% (s6" Avogadro)
phan tu véi m=u kg tuan theo DL Clapayron-
Mendeleev:

pV=RT



m kg khi ly tuong: ov =""RT  Chiing minh:
Dung 2 dudng dang nhiét ctia 1 khoi khi
p,V,T, +(ding nhiét)-> p’ V,T, >P1Vi=P V>
p’,V,T, +(dang tich)->p,V,T, ->p’}/T|=p,/T,
p1V1 :p2V2 :pv _pOVO — R =831 J
T, T, T T, ~ mol.K
R-Hing s6 khi 1y tudng P,
u=2.10-kg/mol doéi véi H, P, |
* Tinh khoi luong P>
rieng cuakhoikhi: m  pp
V=1 --> P= \V RT DT Clapayron




§3. Thuyét dong hoc phan tir

1. NHONG CO SO THUC NGHIEM VE CHAT KHI:
* Kich thudce phan ti ¢ 10-1%m; & khoang cach:
r<3.10'm: Pay nhau;

3.10"%m<r<15.10"'""m: Hut nhau.

r>15.10"""m (diéu kién binh thuong) Boé qua luc
tuong tac.

C4c phan tir khi chiém 1/1000 thé tich.

* Chuyén dong Brown: Hon loan khong ngimg.
Trong Khi: Hoan toan hon loan;

Long: dao dong + dich chuyén;

Ran: Dao dong quanh vi tri ¢6 dinh;



2. NoO1 dung cua thuyét dong hoc phan tu:

a. Cac chat ciu tao gian doan va gobm mot s6 16n
cac phan tu.
b. Cic phan tir chuyén dong hon loan khong
ngimg. Cudng do chuyén dong phan tir biéu hién
nhiét do cua hé.

c. Kich thudc phan tu rat nho so v6i khoang cach
gitta ching. C6 thé coi phan tir 1a chat diem
trong cac tinh toan.

d. Cac phan tu khong tuong tac, chi va cham
theo co hoc Newton.

a,b ding véi moi chat; c,d chi ding véi khi LT.



3. Phuong trinh co ban cua thuyét D = i
dong hoc phan ti: AS AS
* Thiét lap ptrinh co ban: ap suat do -
luc va cham cua ft 1én thanh binh: v AL
AS- pl\lftln .dlén tich thénh—déy \tru, (V;=v=V,)
At -thot gian va dap; v.At-chiéu cao tru

SO phan tu chita trong tru: n=n,,. v.At. AS;

SO ph/t va cham v6i ddy tru: An = % = %no.v.At.As
o 2MoV oy — 2MoV L atas
At 1 Atz 9 )
=—N,M,V°AS = P=—-—NMyV

3 3



\ \ - 2 2
Trung binh binh 7% _ Vi +V, + .. + vV,

phuong van toc n
Ap suat 1én 1 — 2 myv’ 2

thanh binh: P~ 3MMeY =35 =3MW
W -Pong nang tinh tién trung binh

Phuong trinh co ban cua 2
thuyét dong hoc phan tu: P = E) NoW
b.Hé qua:

* Biéu thitc tinh dong nang tinh ti€n va ¥ nghia
nhiét do tuyét doi:
2 RT o 3 RT__ 3RT

p=—nW = ? - B
3 Y, 2 n,V 2N




N=n,V=6,023.10%° s6 phan tu trong 1mol

k=R/N=1,38.10*j/K Hang s6 Boltzmann

* Pong nang tinh tién trung binhtylé¢ 3 y
v61 nhiét do tuyét doi cua khoi khi. W= 2

* T 1a s6 do cudng do chuyén dong hon loan cua
c4c phan tlr cua hé.-> chuyén dong nhiét.
* Cac phan tir chuyén dong khong nging ->

T0K .
3. Van tOC can quan phuong:

W -3k v, (KT [T

R=kN & Nm, = p; m, - khoi luong 1 phan tu.




4. Mat do phan tu:

pzanOW: nozs—i: ;’bp - P
2
Vay: n, = P
’ KT

Duéi cung mot ap suat va nhiét do moi chat khi

déu c6 cung mat do phan tu .

0 diéu kién tiéu chuan: s6 Loschmidt

_p, _ 1013.10°
kT, 1,38.107%.273

N, = 2,687.10*ft/m?



4. NOI NANG KHI LY TUONG

NoOi1 nang = Pong nang + thé nang tuong tac giita
cac phan tu + W dao dong cua cac nguyén tu.

Bo qua tuong tac -> NoO1 nang cua khi 1y tuong
bang tong dong ning cua cac phan tu.

th = Wtinh tienT unay Z
Bac tu do 1 1a so toa do xac o
dinh cédc kha nang chuyén y
dong cua phéan tu trong 4 toa d6 x, v, z X4c
khong gian dinh 3 chuyén

Phan tu don nguyén tur c6 1=3 dong tinh tién



Z Phan tr gom hai nguyén tu:
] }‘/@ 3 tinh tién (X,y,z) + 2 bac

, 0); 1=5
o oy quay (¢, 9); 1

by

X

Phan tir gdom ba nguyén tu: i=6
3 bac tinh tién (X,y,z) +3 bac quay (@, 0, ).



- Phan b6 déu cho cac bac tu do:

DL (Maxwell): BPong nang trung binh cua cac
phan tir dugc phan b6 déu cho cac bac tu do
cua phan tu.

Bi€u thitc tinh noi nang: Cua mot mol 1a cua N
phan tu:

U,=N 'k?T g R=kN; 1-s0 bac tu do
Cua khoi khi khoi lwong m kg:
0 NOi nang cua khi 1y m m iRT
? ? A U — — U —
tuong chi phu thudc u 0 w2

vao nhiét do



84. Cac dinh luat phan bo phan tu
1. XAC SUAT VA GIA TRI TRUNG BINH:

SO phan tu n 16n, cac dai lwong VL dac trung cua
chung rat khac nhau; Gia su n, phan tur c6 van
toc v,, van toc trung binh:

V== Zn V. —ZF‘vi = Py,

n I , ? / A 7
Pi = FI 1a xac suat tim thay phan tu c6 van toc v,
Vi diéu kién chugn | 12 tr1 binh phuong
hod trung binh :

n;, —
2R=2 ! V=Y PV



2. DINH LUAT PHAN BO PHAN TUTHEO VAN
TOC MAXWELL.:

dn 1a s6 pt ¢6 van toc trong khoang v dén v+dv,

thi x4c suat cua ft c6 van toc trong khoang (v,

vidv) la:dn _ F(v)dv Suy ra dn =nF(v)dv
n Maxwell tim ra ham

j nF(v)dv = n — j F(v)dv =1 phan bo:

+ F(v)
mov
F(v) = const.v’e 2T 3
4 (m, )2
const = T 2ij Vs \
T S
dF(vV) _y  Fvydat |, _ [2kT ~dv

dv cuc dai tai m,



F(v)dv la xac suat phan tur c6 van toc trong

khoang (v, v+dv). Van toc can quan phuong:

Van toc trung binh:
x v2 = J- F(v)vedv = SKT >
_ 8KkT
V= j F(v)vdv = m,
o MoT_ 3kT
V < \Y/ < V Vc o m
0
Ca 3 van toc nay déu tang F(v)
theo nhietdo. 1t E /T1 < T,
Khi nhiét do Ttaings6 |/~ /
phan tir c6 van toc v,
giam di: v

F(VXS,Tl) >F(VXS,T2) Vis1<Vxs2



my H C my H
- (BT
Mym HT VXS <V<VC

V Xéac suat < V trung binh < V can quan phuong
Y nghia:

~ Xéc suat phan tu cé v, 1a cao nhat.

~ V. tng v6i dong néang trung binh cua phan tur.
"~ Tai nhiét do T cua hé, moéi phan tir ¢4 van toc
khac nhau, v 1a gia tri trung binh cong cua van
toc cac phan tu trong ca hé (cdc p/t cé cung v).




3.DINH LUAT PHAN BO PHAN TUTHEO
THE NANG
Phan bo Maxwell khong tinh dén stc hut cua
trai dat 1én phan tu. Do stc hit mat do phan tu
giam theo chiéu cao h.

\ N
a. Cong thiic khi 4p - prp  db
Cot khi cao dh, day S=1m?,
ap suat day dudi l1a p,

day trén p+dp; {p— ih
dp<0 nén dp=-dP P=m,gn,>
dP la trong luong cot khi dh




SO phan tir nam trong cOt khi:

dn =n,S.dh = nydh
Trong luong khoi khi:

dP = dn.m,.g = m, gn,dh
Ap suat tang:

dp = —dP = —-m,gn,dh = —mogidh

KT
dp m,gdh

D KT



Lay tich phan hai vé:

h

h mg
dp _ 1 Mg In= = - Tod,
I 0 -([ KT an Po KT

Matdat
Cong thitc khi d4p: | NOong do khi ty 1€ véi dp
_Mmggh Suat: _Mpgh
p=pe Np =MNgg€
Bau khi quyén chi day 3000km, hon nita g&T
#Const.
b. Phan bo theo thé nang: mygh=W, W,

Nop = Noge ©




Phan bo Maxwell-Boltzmann

Xac suat hai hién tuong dong thoi doc lap
bang tich cdc xac suit xay ra cac hién tuong ay:
Tai vung toa d6 x +~ x+dx, y + y+dy, z + z+dz
Tong s6 phan tr ¢6 van toc trong khoang

Vi =V, vy, v = v +dvy, v, + v, +dy,

1 mov

dN = A.Ne L dxdydzdv dv,dv,

Xac dinh A theo:

1mv
dN

[y =0T Jffae s dxdydzdv,dv,dv, =1

X,Y,Z Vi VyV,




Chuong 17
Khi thuc va chuyén pha

Bai giang Vat ly dai cuong
Tac gia: PGS. TS b6 Ngoc Uén
Vién Vat ly k¥ thuat
Truong DH Bach khoa Ha nd1



§1. Phuong trinh trang thai cua khi thuc

» Phuong trinh trang thai Clapayron-Medeleev
doi v6i 1 mol khi 1y tuong: pV=RT (Céc phan
tu khong kich thudc, khong tuong tac)

e Thuc t€ phan ti khi c6 kich thudc ~3.10%cm
chiém thé tich ~1,4.1023cm3 chiém 1/1000 thé
tich khoi khi

e thay V bing V-b; b -cong tich m?/mol dé y
dén thé tich do cdc phan tir chi€ém

¢ p(V-b)=RT

 Thuc t€ c6 tuong tac giira cac phan tu

¢ noi 4p p; bo chinh vao 4p suat:



p,~n, mat do hat 10p I va pl~nO 16p 11

_>p1~n0 => Pi ~ (V) = 5 V2

a-N.m*/mol? (phu thudc 0 = RT 0 o

ban chat chat khi) V-b ' plam

“ Mot mol khi thuc:(p + —; )(V b) =RT p giam
mkgkhi y_My o

til . u las6 mol va v = 2y
% i a Hm m

o+ V= D)= RT
a, b la cdc hang so phu tﬁuqc vao chdt khi (tra

bang Trang 192 sdch bai tdp)
Ap suat cang cao thi anh huong cua nodi ap va
cOng tich cang ro.




§2.Dudng dang nhiét 1y thuyét Van-der-Waals va
dudng dang nhiét thuc nghiém Andrews
1. DUONG DANG NHIET LY
THUYET
« Khi T=T duong cé diém uén P4
K (t61 han) tai py, V- ti€p tuyén
song song vo1 truc hoanh.

pA

Khi T>Ty dudong dang nhiét giong ctia khi 1y
tuong (hypecbol).

« Khi T<T, dudng dang nhiét c6 doan 16i
16m khac v6i cua khi ly tuong



. Tinh c4c gia tri t6i han RT a

, IO:V—b V2
d P_0 _2RT 62 _, VRT _a
av (Vi -b)* Vi 3V -b)° Vg
dp RT 28 .
VAR (VA AR Ve
a 8a
" P = 5702 % T 27R
. 27R*T? + _ RT

64P, 8P,



2 PUONG DANG NHIET THUC NGHIEM ANDREWS
Nén dang nhiét khi CO, tai T
khac nhau

» T>Ty khong thé hod 16ng->

giong hypecbol nhu khi LT

T->Ty thi BC->K. T = 304K, /L

pr= 73at V=9,6.10->m?3/mol LONG ,' KHI
KHI+HOI
T<Ty:AB-Khi; BC-Khi &Hoi (hat long)=trang

thai bao hoa; Bat dau tir C-hod 1ong hoan toan.
Chuong BKC & T tao thanh 4 vung: 1- T>Ty
khong thé hod 10ng; 2- T<T khi c6 thé hoa
long; 3- Hoi bao hoa; 4- Khi hoa long;

P




3. SO SANH PUONG PANG NHIET LY THUYET
VAN-DER-WAALS VA DUONG PANG NHIET THUC

NGHIEM ANDREWS:
Phu’a’ng trinh Van-der-Waals cho duong dang

nhiét cua khi thuc tru trang thai hoi bdo hoa:

« T>Ty, giong nhau;

e T, gidng nhau: Cing c¢6 diém tGi han K véi
ti€p tuyén song song voi OV

o T<Ty Khac nhau ché 16i 16m va viung hoi bao
hoa, nhung néu khi sach trén dudong thuc nghiém
cO doan chdam hoa long va cham bay hoi gidong
mot doan cua 1y thuyét

» Ung dung: Ho4 16ng khi & T<Ty va p cao




§3.N0i nang cua khi thuc, hiéu ting
Joule-Thompson

1. NOINANG CUA =W, W aSW
KHI THUC: Wo Z n 2 t”‘
Dong nang: Zde, — RT

OA.- cOng do no1 a
i g )1 ap p; SA pdV——dV

cua phan tu gay ra dV: i V2

00 o0 5 .

th(v) - W’[n(oo) — {“/BA| {[V—dV — —v
Vay no1 nang khi gomio— 2 o
thuc: U=U(T,V) B . M2 v



2. HIEU UNG JOULE-THOMPSON
La hién tuong nhiét do cua khi thuc thay doi khi
gian no doan nhiét va khong trao doi cong voi

bén ngoai

(AT <0 hiéu ung duong -> lam lanh,

AT > 0 hiéu tng am)

HU am, duong phu thudc vao nhiét do xay ra

doi véi khi cu thé:

HU duong d6i véi H, 6 T<200K, He, & T<40K

Trang thai
1(py, V1)

Trang thai
V2 7P, 2(p,, V), T))




Trang thai dau (p,,V,,T,)  Trang thai cuoi (pz,Vz,Tz)

1,2- pltt ng
. P12P2s 2>V1
Khi ¢ bén trdi M, 1 nén, 2 gian. p,, p, khong doi

va p,> p,. Pit tong 1 ép sat M-> V’,=0

Bén trai khoi khi nhan cong: A, =-p,(0-V,)=p,V

Bén phai nhan cong:A,=-p,(V,-0)=-p,V,

» Tong cong ca hé nhan: A=A +A,=0

e NO1 nang: AU= Q+A=0 ma U=U(T,V)

iU — (@—U)VdT . (a—U)TdV:O dV>0 -> dT<0
oT oV AV #0->AT #0 .

Gian: V>V ,>T, #T,->AT=T, - T,



« Khong xay ra doi véi khi 1y tuong
» Ung dung:
= Lam lanh: nén khi ¢ nhiét d6 phu hop véi hiéu
ung duong va cho gian no trong cac 6ng kin.
“ Hoa long khi ¢ T&p phu hop.
- Tudoc:  84. Su chuyén pha:
” Pinh nghia pha, chuyén pha
. Chuyén pha loai I: 4n nhiét chuyén pha
¥ Diéu kién can bang 2 pha, 3 pha
— S0 pha trong hé nhiéu céu tu:
Qui tac pha cta Gibbs: r < n+2
E Phuong trinh Clapayron-Clausius:



Xdc dinh sy phu thuoc ctia nhiet _ dT ar _ T \v
do chuyén pha vao ap suat: aP  Q

Y nghia, tng dung ctia phuong trinh Clapayron-
Clausius.

84. Su chuyé’n pha

1. KHAI NIEM VE CHUYEN PHA:
O BN: Pha la tdp hop cdac phdn vi mé

dong tinh (cung tinh chdt) cung ton tai

trong mot hé nhiét dong. 2 pha

) 2 R v aae ¢

6 Chuyén pha: Qua trinh bi€n do1 H,Odwi

he tr pha nay sang pha khdc. Hoi- ' H0
p a4 ===

> Ldéng ->Ran



«Chuyén pha loai I: Thuan nghich, ¢6 hap thu
hoac toa nhiét, V va S thay doi dot ngot: Pao
ham bac nhat cua cdc ham nhiét dong thay doi
dot ngot.

 Chuyén pha loai II: V,U,S Bién d6i lién tuc
khong c6 noi ma sat: Kim loai «<>Siéu dan:

Dao ham bac hai cua cidc ham nhiét dong thay
déidétngéb

. loai IT . loairl

S — (—)p vaV = (—)T VS T R
0°G

Cp = _T( aTZ )p Bac B; t(g)




Chuyén pha loai I Chuyén pha

S : loa1 11
S — (6_G) o S
ar'® - —
0°G | e G|
Cp — _T( 2 )p J\_ S
oT —
fl T T r
oG A v
V = (_)T v _— v




2. PIEU KIEN CAN BANG PHA. PHUONG TRINH
CLAPEYRON-CLAUSIUS

a. Diéu kién can bang 2 pha: Chuyén P phal /
pha xay ra 0 nhiét dd va ap suit xac phall
dinh -> dudng can bang giita 2 pha: * T
T,=T,; p;=p,. * dG=0

=>S0 hat hai pha n;+n,=n=const

=>dn= dn+dn,=0
2

=1 T — T
dG:Mldnl+M2dn2 :O Ml(p1 )_“2(p1 )




b. Diéu kién can bang 3 pha: Trang thai TGi han
I =T="T5; pi=p,=ps; Li=H= 3 Pre /L i

(P T) = (P T Mpiém M

uy (P, T) = pa(p, T);  chap3
T =T, LK,RK va RL loai I khong lién tuc.
T>T.: chuyén pha LK lién tuc,
T<T,: chuyén pha RK lién tuc.

c. S6 pha trong hé nhiéu cau tu:

Goi N la s6 nguyén/phan tur cua cau tu k trong

phai. Nong do cua pha thiila: _,,  N¥
k=1,2,3...n cau tu Ci = Z IR
1=1, 2,3,...r pha "




> Ci =1 Suy ra ¢6 (n-1)r néng do doc lap.
K S6 thong so doc lap (bién) cua hé 1a
(n-Dr+2 (56 2 la cua p,T)
SO phuong trinh can bang 1a (r-1)n:

17 (p, T) = s (p, T) = oo = 1y (p, T)
Qui tac pha ctia Gibbs (n—l)r+2 > (r-1)n (s bién
> sO phuong trinh), hay: r < n+2

2. PHUONG TRINH CLAPEYRON-CLAUSIUS:
XAC PINH SUPHU THUQC CUA NHIET PO
CHUYEN PHA VAO AP SUAT

Xét chu trinh Carnot véi chat long va hoi bao
hoa cuand:  p=const -> T= const



Vang bao hoa khi thuc

T,=T,+dT dT rQ
o T -T2 =—(p1 - P2) plf
Pi=po+dp dp b,

Cong gian dang nhiét 12:
A1=py(V-V,)

Cong ca chu trinh: A’=A +A,=(p,-p,)(V,-V,)
(Cong gian, nén doan nhiét 23.41:

0A,;~0A ,;=0; 0U=0)

A T T, dT (P —P2) _ (P —py)(V; - V5)

'Q T, dr T Q,

N



cT_T al T

1
dP Ql A T aP Q AV
Nhiét do chuyén pha T>0 dT
An nhiét Q>0: nhiét toa ra hoac thu — ~ AV
vao trong qud trinh chuyén pha dP

0 Két luan: Nhiét do chuyén pha ty 1é véi ap
suat.
Ung dung: trong noi hoi, ndi 4p sudt, P cao nhiét
do so1 cao ( dén 200°C)
Trén nui cao P thap, nuéc so61 duéi 100°C



Chuong 8
Nguyén ly thir nhat nhiét
dong luc hoc
Bai giang Vat ly dai cuong
Tac gia: PGS. TS b6 Ngoc Uan
Vién Vat 1y k¥ thuat
Truong DH Bach khoa Ha nd1



§1. KHAI NIEM NANG LUONG-CONG
VA NHIET

1. NANG LUONG:
e Dic trung cho murc do van dong cua vat
chat trong hé.-> trang thai xdc dinh, nang
lwong xac dinh.
=>Nang luong 1a ham cua trang thai.
« Hé khong chuyén dong, khong dat trong
truong luc -> Nang luong cua hé diung
bang noi nang cta hé: W=U



2. CONG VA NHIET:
Khoi khi day pit tong -> sinh cong -> ndi nang
gidm -> trao doi nang luong; Nén: nhan cong.
*Nung néng khoi khi, gitt V=const
->Chuyén dong hon loan tang ->T tang
->trao doi niang luong: nhan nhiét. Coe
«Su twong dwong gitta cong va nhiét: ®ed “
4,181 <=> lcalo -
Cong va nhiét la nhitng dai1 luong do muc do
trao doi nang luong. Ching khong phai 12 nang
luong. Ching khong phai 1a ham trang thai ma
1a ham cua qua trinh.




Cong lién quan dén Chuye?n dong co trdt tu
Nhiét lién quan dén chuyen dOng hon loan

§2. NGUYEN LY THUNHAT NHIET PONG
LUC HOC
Trong co hoc: PO bién thién nang luong cua hé
biang cong ma hé trao doi trong qué trinh do:
AW =W,- W,=A -> Nhiét?

1. PHAT BIEU NGUYEN LY THUNHAT NHIET
PONG LUC HOC:

Do bién thién nang luong cua hé trong qua
trinh bién doi bang tong cong va nhiét hé
nhan dugc trong qua trinh do

AW = W,- W = A +Q




A, Q -Cong va nhiét hé nhan duoc.

=> A’=-A, Q’=-Q Cong va nhiét hé sinh & toa
ra.
e H¢ ding yén thi W=U (n61 nang)
» => Trong qua trinh bién do6i, do bién thién nodi
ning cua hé bang tong cong va nhiét hé nhan
duoc trong qua trinh do:

AU = U,-U,= A+Q

Poi v6i qud trinh bién doi vo cung nho:
dU =0A + 0Q



2. Y NGHIA NGUYEN LY I NDLH:

e Néu A>0, Q>0 => AU = U,-U,>0 noi nang
tang, Hé nhan cong va nhiét. Cong sinh ra A’<0
& nhiét toa ra Q’<0.

e Néu A<0, Q<0 =>U,<U,;=> Noi nang giam,
Hé sinh cong A’>0 & toa nhiét Q’>0.

e Néu A=0 & Q=0 => U,=U, Noi nang bao toan
e Dinh luat bao toan va chuyén hod ning luong:
Ndng luong khong tu sinh ra va ciuing khong tu
mdt di, né chi chuyén hod tir dang nay sang dang
khdc, truyén tiw hé nay sang hé khac.




3. HE QUA CUA NGUYEN LY THUNHAT NHIET
PONG LUC HOC:

“ Khong ton tai dong co vinh curu loai I: Gia su
hé thuc hién mot chu trinh kin va trg lai trang
thai ban dau; Tic U,=U,-> AU =0=> A=-Q
hay -A = Q; Nhu vay hé nhan cong thi toa nhiét,
sinh cong thi phai nhan nhiét.

. Trong mot hé co 1ap gébm 2 vat trao doi nhiét,
nhiét luong do vat nay toa ra bang nhiét luong
do vat kia thu vao:

AU =0 =>Q, =-Q..



§3. UNG DUNG NGUYEN LY THUTNHIET
DONG LUC HOC \
1. Trang thai can bang, qua trinh can bang
a. Dinh nghia: Trang thdi cdn bang cua hé la
trang thdi trong dé moi thong so trang thdi
khong bién doi theo thoi gian. Trang thai can
bang bi pha v& néu chiu tic dong tir bén ngoai.
Qud trinh cdn bang la qud trinh bién doi gom
mot chuoi lién tiép cdc trang thdi cdn bdang
Thuc t€ khong c6 qua trinh CB; QT bién doi rat
cham: Trang thai CB duoc thiét lap trong toan hé
trude khi chuyén sang trang thai CB tiép theo
& QT gia can bang



b. Cong ma hé nhan duogc trong qua trinh CB
Ap suit tic dung lén pit tong

p=Fs di<0
Cong khoi khi nhan duoc:
OA=-F.dl=-pSdl

Sdi=dV => 8A =-pdV nen cham
Cong he nhan dugc trong qua trinh V,=>V,

vV, pt pt
A IdA J—pdV 2A>() |1 A<0
A bang dién tich dudi | !
; vy VY v,V
duong cong. 2 N ! &han 2

Trong chu trinh A bang tong dai s6 A_, +A .

gian



\
\\1
|
L'

[1d

A W4 >

c. Nhiét ma hzé méh duoc trong qua trinh CB
Nhiét dung: rié¢ng ¢ cua mot chdt la dai luong
vdt 1y ¢o gid tri bang luong nhiét can thiét ma
mot don vi khoi luong nhdn duoc dé nhiét do

cua no tang thém 1 do. C _ Q. Py !
m.dT kg K
Nhiét dung phan tu(1 mol): C=p.c J /(mo%.K)

. . m
Nhiét hé nhan duoc: 50 = N cdT

C = C, trong qud trinh ding tich M
C = C, trong qué trinh dang ap

pté\




2. QUA TRINH DANG TIiCH

* V= const ]

*P/T = const (DL Gay-Lussac) | 2tp _p, _p,
*Cong A= p(V,-V,)=0 :]5‘ LI P
o« =>AU =Q |

» Bién thién no1 nang: ,\, _ M R - \%

u 2
- T c AT
*Nhiét nhan dugc: Q= ? v

R

AT =T, -1, C, 5



3. QUA TRINH DANG AP
* D =const ‘ ==

* V/T = const (DL Gay- Lussac)
» Cong nhan dugc: A=-p(V,-V))

e Nhiét hé nhan duoc: Q— AU-ALL ¢ |
m iR Vo Vi V3 ¥V
u . — Q———AT+—RAT

pAV = L RAT b2 u

“ ] J

0= ryaT="(c, +RIAT =M C AT

ho 2 R .

Hé s6 Poisson

=> R=C,-C,, C, I+2R C, i+2

2

Yo, T i




4. QUA TRINH PANG NHIET V 20 V.oV
e T=const =>T =T, =T P1 1=P2V2=P

e pV=const (DL Boyle- Marlotte)
+AU=0 => A=-Q hay Q=-A

e Cong nhan duoc: v1 v2 v
¢ 'z dV
p=p;V./V A = \_/‘._ pdV \_/“ p,V, 1
A=—pV,In~2-_MprnYe_Mprn 1
Vi o Vi o Vs

Q=-A=TRrTInY2
H Vi



5. QUA TRINH POAN NHIET
e 5Q=0 hay Q=0
e pting do V4 & TT
e dU=0A ( Nguyén ly I NDH)

du="gr-Me gt W
K 2 H m = CVdT = —RT —
o C_C H w___r_' —0
—=——r=y-1="T C, V
“voo |y
INT+(y-1)InV =const| V' =const
Y _
In(TV"™) = const pV1 = const
- Iy
TV = const Tp? =const y>1




5Q=0->pV" =const T=const->pV=const
Poan nhiét doc hon | P Trong QT dang nhiét:

* V€ mat toan hoc: \\ ha pdedg\\flz
PV= const & y>1 v P

» V& phuong dién vat 1y: Trong QT doan nhiét
pd do VI & Td conkhip TdoVI &TT
Do bién thién nodi ning m IR

trong QT doan nhiét: A= u 2 Al

Cong ma hé nhan duoc trong QT doan nhiét:



Cong Anhan
qt doan nhiét

\Z

A = _plvly \_[1 v

Y

vathay p,V, =p,V,
m
p Vi =—R1,

trong

m IR

A=AU-Q=AU="""AT

u 2

Cong do hé sinhra: A’=-A

VY

pVy — plvly = P = plv—ly

dVv _ p,V/ (Vzl_y - Vll_y) Nhan vao

y—1

A = PV, — PV,

y—1

A — P,V (Tz . T1)

(y-DT,



Chuong 9
Nguyén ly thir hai nhiét dong
luc hoc

Bai giang Vat ly dai cuong
Tac gia: PGS. TS b6 Ngoc Uén
Vién Vat ly k¥ thuat
Truong DH Bach khoa Ha nd1



§ 1.Nhiing han ché cua nguyén 1y tha I NDLH
«Khong xac dinh chiéu truyén tu nhién ctianhiét:
Nhiét truyén i nhién tr vat néng hon sang vat
lanh hon. Khong c6 qua trinh tu nhién nguoc lai.
«Khong xdc dinh chiéu chuyén hod tu nhién cta
nang luong: Thé nang tu nhién bién thanh dong
nang roi thanh nhiét toa ra,

Khong ¢6 qua trinh tu nhién nguoc lai:
Nhiét — Dong nang —Thé nang.

Tuy nhién cdc qud trinh nguoc lai trén déu
thoa mdan nguyén ly thir nhdt nhiét dong luc hoc
« Khong danh gia dugc chat luong nhiét
e Khong phan biét khac nhau gitta cong va nhiét.



§2. Qua trinh thuan nghich va qua trinh

| _ khoéng thuan nghich
1. Pinh nghia ot A

a. Qua trinh A->B ->A 1a thuan N
nghich néu qua trinh nguoc B->A | B

hé cling di
qua cac trang thai trung gian nhu trong qua trinh
thuan A ->B; Suy ra:

” Heé chi c6 thé trd vé trang thdi can bang ->QT
thuan nghich 1a QT can bang ->A’, . = A
chuafm: Q,nghjch' .

. Hé tr& vé trang thai ban dau, moi truong xung
quanh khong bién doi.

V=

thuan nghich?



b. QT khong thuan nghich: Sau khi thuc hién
QT thuan va QT nghich dua hé vé trang thai
ban dau thi moi truong xung quanh bi bién doi.
2. THI DU:

Qua trinh gian doan nhiét vo cung cham: QTTN
*Dao dong cua con lac khong ma sat ¢6 nhiét
do bang nhiét do bén ngoai: QTTN




Cac qua trinh khong thuan nghich

*Cac qua trinh c6 ma sat: Khong TN
 Truyén nhiét tir vat néng-> vat lanh: Khong
TN

*QT gian khi trong chan khéng: Khong TN




§3.Nguyén ly thur hai nhiét dong duc hoc

nguon laHQ _________ . nguon

it ~.nong

e M0 ta hién tuong ! o
« C6 may nguon nhiét ?
e C6 phai 1a mot dong co ?
e Khi nao né cham dut hoat dong ?



1. DPONG CO NHIET: M4y
bién Ilhiét thanh cong: PC hoi Xilanh |}
nudc, DC dot trong.

Ngﬁ&@é Neus
Tdc nhan: chét van chuyén (hoi | @
nudc, khi...) bi€n nhiét thanh

cong: Tuan hoan n=—

Hiéu suat cua dong co nhiét:
Sau mot chu trinh: AU=-A"+Q,-Q’,=0
ZA=QR A e, o

Vo, o 0 Q




2. Phit biéu nguyén ly tha hai nhiét dong
luc hoc

a. Phat bicu cua Clausius: Nhiét khong thé tu
dong truyén tu vdt lanh hon sang vdt nong hon.
b. Phat biéu cua Thompson: Mot dong co khong
thé sinh cong, néu né chi trao doi nhiét voi mot
nguon nhiét duy nhdt.
c. Y nghia: Khong thé ché tao dugc dong cO
vinh ctru loai hai: 14y nhiét chi tir 1 nguon (T
thap nhu nudc bién) dé sinh cong.
Chat luong nhiét: T cang cao, chat luong cang
cao



§4. Chu trinh Carnot

1. Chu Trinh Carnot thuan
nghich gom 4 qua trinh TN:  p;
> Gian déng nhiét: T, =const,

1—2, nhan Q, tir nguén néng. P2

~ Gian doan nhiét:2—3, Nhiét do giam T, —T,
" Nén dang nhiét: T, = const, 3 — 4, thai
Q, (lam nguoi)

~ Nén doan nhiét: 4—1, nhiét do tang: T, > T,



Chu Trinh Carnot
thuan nghich

3 — T,-T,
N Q]aTl

$1Q'», T,

Chu Trinh trong
dong co hotl nudc

all
_




- Trong chu trinh thuan 12341 hé nhan nhiét
Q, tir nguon néng, sinh cong A’ va thai nhiét
Q,’vao nguodn lanh. — Pong co nhiét.
. 'Trong chu trinh nghich 14321 hé nhan cong
lay nhiét (lam lanh) tir ngudn lanh va thai nhiét
vao ngudn néng. — May lam lanh.

b. Hiéu suat n_ trong chu trinh Carnot thuan

nghich

L Cin tinh Q,vaQ,’

Q

Gi1an dang nhiét 1 — 2 ¢o:

N, =1

Q, = RT In-2
K Vi



Nén dang nhiét 3 — 4 ¢6:

Q,=-Q, =~ 2RT,In 4 = Q,="RT, In 2
V3 K V; KU V,
1 1117 Trong QT doan nhiét 2 —3
T, ln72 va4 —>1c¢6 T,V =T,V "
— T]C = | — E ! V3 _ VZ

T, vV, V,
- Hiéu suat chu trinh Carnot TN v6i tac nhan la
khi 1y tuong chi phu thudc vao nhiét dd nguon
néng va nguodn lanh.
0 Heé so c — Q, Q, 1,

— , 8 p—
lam lanh: A Q,-Q, T -T,




§5. Dinh 1y Carnot, hiéu suat cuc dai cua dong
co nhiét

1. DINH LY CARNOT

a. Phat bieu: Hiéu sudt dong co nhiét thudn
nghich chay theo chu trinh Carnot voi cung
nguon néng va nguon lanh, déu bang nhau va
khong phu thuoc vao tac nhdn ciing nhu cach
ché tao may Ny = Ny

Hiéu sudt cua dong co khong thudn nghich nho
hon hiéu sudt cua dong co thudn nghich.

Nk < NN



b. Chung minh n; =1y

1, :1_Q21 _ Ay van, =1—Q2H _ Ay
Qr  Q Qu  Qq

Ghép hai dong co v6i nhau, dong co 11 chay theo chiéu
nguoc: nhan cong A’ tr dong co I, nhan nhiét tu
nguon lanh T, , thai nhiét vao nguén néng T;.

’ ’ ' '
N >Ny = Qs <Qyp = A > Ay

Ta c6:A’ A’ =A’>0 => I+II = dong co vinh cuu.
Clng tuong tu khi n; <n . Vo ly. Vay: n, =1y,

c. Chung minh Ny <Ny
Gia st II 1a KTN ngoai nhiét nha cho nguén lanh con
nhiétvo ich = Q5 > Q3 = My <My




2. Hiéu suat cuc dai cua dong co nhiét:
Hiéu suat cua dong co thuan nghich bat ki lu6n
nho hon hiéu suat cua dong co dé chay theo chu
trinh carnot thuan nghich véi cing 2 nguon nhiét

va tac nhan: NN < NN < NTNCarnot
- _;_ 1 | Dau = éng véi chu trinh
Q, T | Carnot thuan nghich.

Dau < tng v6i chu trinh Carnot KTN

Hiéu suat cua dong co chay theo chu trinh
Carnot thuan nghich 1a hiéu suat cuc dai.



3. KET LUAN: T
a. Hiéu sudt cyc dai luon nho M, =1——=
hon 1, vi T,#0K & T\<<o0.  ygi T,=293K

T,K 373 673 1073 1273 2273
Mmax 0,21 0,56 0,73 0,77 0,81

b. Nhiét khong thé bién hoan toan thanh cong:
A,maxznmaXQl => A,maX<Ql.
c. Phuong huéng nang cao HS dong co nhiét:
Tang AT —(T, T&T,1); Giam ma sit
d. Chat luong nguon nhiét: Nguon nhiét cé nhiét
do cao hon thi chat luong tot hon.

<1



§6. Biéu thic dinh luong (Todn hoc) cta
nguyén ly tha hai nhiét dong luc hoc
1. P61 v6i chu trinh Carnot:

' ' T 0
l—Q2 Sl—E :>Q2 ZE 1Q1
Ql Tl Ql ’Ii
Q, . T,
- _=2>_2
QT 2%
— Ql 4+ QZ S O
Tl T2

Dau = tng v6i CT Carnot thuan nghich
Dau < tng v61 CT Carnot Khong TN



2. Doi v6i chu trinh nhiéu nguon nhiét Q,,
Q,,....Q nhiét d6 T,, T,,...T (gbm cac qua trinh
dang nhiét va doan nhiét lién ti€p nhau)

- Q 0 Cac qua trinh
; T ~ ratngan thi: O
= T, 50

p—==<0

T
Day la biéu thiic dinh luong cua nguyén Iy hai
NDBLH duoc goi la Bdt dang thitc Clausius:

0Q
Tich phan Clausius $ = d6i v6i mot chu trinh
khong thé 16n hon khong.



Q7. Ham entrop1 va nguyén ly tang entropi

1. TICH PHAN CLAUSIUS THEO QUA TRINH
THUAN NGHICH' —

SBS_Q: [ Q hayj +j oQ o

T T =5

la2bl 2bl
QT thuan SQ 6Q 6Q
nghicllll° 1". +HJ:2 = j -[

la2 1b2

Tich phan J — Clausius theo cac qua trinh thuan
nghich tir ™  trang thdi 1 —2 khong phu thuoc
vao qud trinh bién doi ma chi phu thudc vao
trang thai dau va trang thai cuoi cua qua trinh.



2. HAM ENTROPI: 3Q
=S, =5, =AS
| 5

1x2
S, S, - gia tr1 tich phan Clausius tai cac trang
thai 1, 2.
— S -Ham entropi cua hé.
S 1a ham trang thai
— vi phan toan phan:

S
ds=2 >S=SO+j6—Q
T T

So=0 ta1 OK.
 T/c cOng cua entropi She—Tong S

cacphanhé



- Péi véi qua trinh I 5Q< I 5Q
khoéng thuan nghich: ol | 1b2
0 Tich phan Clausius theo mot qua trinh khong
thuan nghich ttr trang thai 1-—2 nho hon do bién
thién entropi cua hé trong qua trinh doé.
3. NGUYEN LY TANG ENTROPI:
Qua trinh khong thuan nghlch

ISTQ<O:>I 2b1 <O :>J‘ j_iQ<0

1azel 1a2 1b2

Nguyén ly tang entropi:
Trong hé co lap 0Q=0



(2) Dau = tng véi QT thuan nghich
AS> J‘ 0Q Dau > tng v61 QT khong Th nghich
T A DPay 1a biéu thic dinh Iuong NL hai
() NDLH viét duéi dang ham entropi
e Qua4 trinh Th nghich: AS=0 (entropi khong doi)
e Qua trinh khong Th ngh: AS>0 (entropi tang)
 Trong thuc t€ cic qua trinh la khong thuan
nghich: Trong hé co ldp cac qua trinh nhiét
dong luc luén xay ra theo chiéu entropi tang
. Heé co lap thuc khong thé 2 14n qua cling mot
trang thai. Qua trinh cham dut thi S dat cuc dai
va hé & trang thai can bang



Vidu * Hé gom 2 vat vé6i T,va T,:
Q, -Vit 2 nhan
Q,=-Q,<0 vat 1 thai

dS = dsl —I—dS2 — 6Q1 1 8Q2 — _ 6(22 n 8(22
Tl T2 Tl T2
1 1
15=80.(- 1+ )50 = -L.og
I T, T, T,
» Vat nhan nhiét (2) phai c6 nhiét T, d thap

hon: T,>T,
. Nguyén ly tang entrop1 tuong duong voi
nguyén ly 2 nhiét dong luc hoc



*Hiéu suat cuc dai: Chu trinh TN AS, +AS, =
AQ, nha tir nguén néng — S, = AQ, AQ

AQ, nguon lanh nhan — S, 1, "Tfl
= AQ, = ?2 AQ,
A T, 1

= AQI o AQ2 — Mmax

4, THUYET CHET NHIET VU TRU VA SAI
LAM CUA NO:

* Clausius co1 vl tru 1a hé c6 1ap va ap dung
nguyén 1y 2 cho toan vii tru: Khi S tang dén cuc
dai vil tru O trang thai can bang-> chét



- Sai lam cua Clausius:

a. Ap dung hé co6 lap trén trai dat cho toan vil tru
vO han

b. Mau thuan v6i DL bao toan bién hod nang
luong

c. Vi tru bién doi khong ngiig: Sao chét, sao
md&i, ving nhiét do cao bién doi entropi giam.

d. Nhitng thang giang 16n trong vi tru
(Boltzmann)

c. Khong tinh dén truong hap dan vi tru. Thuyét
vu no Big Bang: entropi ting ding theo nguyén
1y 2.



5.0 BIEN THIEN ENTROPI CUA KHI LY TUONG
L(p, ViT)->2(p, Vo 15)->  AS = j 53

a. Qua tr doan nhiét: 8Q = 0=>AS=0= S, =S
b. Qu4 trinh dang nhiét:
T = const :AS—I—Q:%

c. Qua trinh thuan nghich bat ky: 1
Neuyén Iy I: 5Q =dU-8A  dU =--C,dT

0A = —pdV ———RTd—V
L \%
(2)
AS — J‘( C, dT m dV)

ok Lo



AS — _C ln -+ — R ln— ______________ va
T AT V.7 mR
R=C,-C,
as="c P2 Me, -~y
!"l pl Vl M V1
AS = ECV n P2 Cop ln&
2 pp M V,
D061 voi qud trinh dang ap: AS=—Cp n7
M 1
m P2

Do6i v6i qud trinh dang tich: AS = m Cy In o
!



6. PO THI ENTROPI, TINH Q:
T + Dang nhiét T .2 Bat k1

12 ( Q = j 5Q = j TdS

S, S, S S, dS S, S
7.Y NGHIA CUA NGUYEN LY NPH II VA
ENTROPI:
» Nhiét khong thé truyén tir vat lanh hon sang vat
néng hon. Khi T,=T, hé can biang khong thé tré
v€ trang thai khong can bang. Hé khong qua 1
trang thai 2 lan.




e Trang thai vi mo = tong hop céc trang thai vi
mo — Nhiéu kha nang.

w-xac suit nhiét dong cua trang thai vi mo.

Theo Boltzmann S=k.Inw; k- hang s6 Boltzmann

e Entropi 1a mot ham trang thai dac trung cho
muc do hon loan cac phan tu.

e khong do truc ti€p duoc entropi.

« TT ST : (Rdn—1dong—khi),

« Néu TV SV : (Khi—ldng— rin).

*Trong hé co lap AS > 0. Khi AS =0 hé ¢ trang
thai can bang



7. DINH LY NERNST
Khi nhiét do tuyét doi tién toi 0, entropi cua
bdt cir vat nao cing tién toi 0: Iim'S = ()

P 0, T—0
T

Tinh Sctahétai T: S = j_ )
2 0, CP (T)dT
Trong QT dang ap: S = I -
0

Hé qua cua Dinh 1y Nernst

1 T,:2 .
T ‘/A’§2_3’E,AS41=O Kh()ng thé co QT 34
43 :
0 — A S Khong thé dat dugc OK

AS,,=Q/0?



§8. Cac ham thé€ nhiét dong
1. Pinh nghia: Ham nhiét dong la ham trang
thdi, ma khi trang thdi thay doi thi vi phdn clia
no la vi phan toan chinh.
a. Ham no1 nang U(S,V) dU =38Q + 6A =06Q — oA
TuNglyl: dqU=TdS-pdv = U =U(S, V)
Néu S=const, V=const thi U=const.

ouU ouU
Lay viphan Uco U = (Fo)vdS+(Z0)sdV
thé tinh ra cac dai

ou ouU
luonge khac: =T=(—)., & p=(—
Ng (5S)V P (@V)S



b. Ham nang luong tu do y(T,V):

T vaV la bién doc lagp v =y(T,V)=U-TS
dy =-SdT —pdV  dy =dU -TdS —SdT
Néu T=const & V=const, thi dy=0 -> y=const:
Trong QT dang nhiét, dang tich thuannghich
ning luong tu do khong doi. Trong QT khong
thuan nghich dy<0

c. Thé nhiét dong luc Gibbs G(T,p):
T va p la bién doc ldp G = G(T p)=U-TS-pV

dG = —SdT + Vdp = —(—) dT + (—)po

0G 0p
—=S=(=2) vaV=(—),
( )Va (=)



Néu T=const & p=const, thi dG=0 -> G=const:
Trong QT dang nhiét, dang ap thuan nghich G
khong doi. Trong QT khong TN dG<0

d. Ham Entanpi H(S,p):

Sva p la bién doc ldgp H —H(S p)—U+pV

dH = dU + pdV + Vdp dH — (—)pdS +(Hyadp

dH =TdS+ Vdp P

T=(— V=(—
— ( )pVa (Gp)s

(dH) =(TdS) =(0Q),
& Trong OT dcmg ap nhzet lu’()’ng hé nhdn duoc
bang do bién thién cua Entanpi.



e. Thé hoa u: Trong cac phan ting hoa hoc, lién
két thay doi 1am thay doi nodi nang -> Su thay
doi so phan tlr cling 1am thay doi noi nang
=> Thém phan thé€ hoa .. cua loai hat i:

dU = TdS - pdV + Z u.dn .

dy = —SdT —pdV + » p,dn,

dG = —SdT+Vdp+Zu dn.

dH = TdS+Vdp+2u dn.

oU 0G oH

0
Hi = (8 1)sv:( \VI)TV:( l)p:(ani)Sp




§9. Diéu kién can bang nhiét dong luc
* Hé hai pha long-khi (1-2) bao hoa khi:
Can bang vé co hoc: p,=p, va Trao d6i nang
luong gitta 2 pha bang nhau T,=T, suy ra dG=0
do do ~p.dn=p,dn, + pn,dn,=0
Khi can bang so6 hat tir 1->2 va 2->1 bang nhau:
dn, =-dn,=dn-> p, =,
* Hé ¢6 nhiéu pha can bang nhiét dong luc khi:
P1=P>=---=P;
T,=T,=..=T,
Hy = = =
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