CHUONG 1
PONG HQC CHAT PIEM
A - MUC PiCH, YEU CAU

1. Nam duoc cac khai niém va dac trung co ban cia chuyén dong nhu: HE qui chiéu,
van tdc, gia toc trong chuyén dong thang va chuyén dong cong.

2. Lap duoc phuong trinh chuyén dong va phuong trinh quy dao ctia chat diém. Van
dung duoc cc cong thic trong chuyén dong thang va chuyén dong cong.

B — CAU HOI ON TAP NOI DUNG TRONG TAM LY THUYET
1. Khai niém hé qui chiéu, chat diém, chuyén dong.
2. Phan biét sy khac nhau giita phuong trinh chuyén dong va phuong trinh quy dao.

3. Néu biéu thirc, ¥ nghia ctia van tdc tirc thoi va van téc trung binh. Biéu thitc van
tdc trong hé toa do dé-cac

4. Néu biéu thirc va y nghia cua gia toc tirc thoi.

5. Thé nao 1a chuyén dong thang bién d6i déu. Cac cong thirc ciia chuyén dong thang
bién doi deu.

6. Viét biéu thuc cta van toc goc, gia toc goc, gia toc tiép tuyén, gia téc phap tuyén
trong chuyén dong tron.

7. Viét biéu thirc lién hé giira cac dai lugng trong chuyén dong tron (Lién hé gitra
van toc dai va van tde goc, giira gia tde tiép tuyén va gia toc goc, gitra van tde goc va gia
tdc hudng tam)

C - TOM TAT NOI DUNG

1- PHUONG TRINH CHUYEN PONG VA PHUONG TRIiNH QUY PAO

1.1. Phwong trinh chuyén dong

Dinh nghia : Ham s6 biéu dién su phu thude cua T (hay céac toa do cua chét diém)
theo thoi gian goi 12 phuong trinh chuyén dong.

Phuong trinh chuyén dong ctia chat diém trong hé toa 46 Bé cac Oxyz

r=r(t) hay: x=x(t); y=y(); z=z()

Trong do6 T la vécto vi tri
r=xi+yj+zk

Vi x,y, z 14 cac thanh phan cta T trén céc truc toa do.

1.2. Phwong trinh quy dao

Phuong trinh quy dao 1a phuong trinh mé ta dang quy dao cila chat diém chuyén dong
trong khong gian, né biéu dién méi lién hé giira cac toa d6 khong gian x,y,z cua
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chat diém.
2. VEC TO VAN TOC

Véce to van tdc 1a dai lugng vat ly dac trung cho phuong chiéu va d6 nhanh, chim cta
chuyén dong, tirc 1a dic trung cho trang thai chuyén dong cta chat diém.

2.1. Véan toc trung binh
- Vén téc trung binh:

Van tdc trung binh 1a mot véc to duoc xac dinh bﬁng véc to do doi chia cho khoang

thoi gian chuyén dong tuong tmg.

M. M
\7 _ 1772
B At
A K . , X an 2 X, —X; AX
Van toc trung binh cua chuyén dong thang: Vv, = — = At
271

Don vi : mét/giay (m / s)
1.2.3. Vécto van toc

Dinh nghia: Véc to van tc bang dao ham theo thoi gian cua véc to vi tri.

Biduthic: v =limA -4
bt At dt
Pic diém cua v Phuwong: Tiép tuyén v6i quy dao tai timg diém.
Chiéu: Thuan theo chiéu chuyén dong.
D¢ [6m: 1a toe dd v clia chat diem & thoi diem ta xét.
Trong h¢ toa do Pé céc, v duoc biéu dién: V= f ] E
Voi: vX:d—X;vy:ﬂ; z—d—z
dt dt dt
P 16 ciia van tdc tic thdi: V= |V = V2 + V2 +V2
3- GIA TOC

3.1. Véc to gia toc
Dinh nghia: Véc to gia toc tirc thoi bang dao ham theo thoi gian cuia véc to van tc.
o — . AV _dv
Biéu thuc: a=lm—=—
A0 At dt

Pon vi: métl(giay)? (m/s?)



Trong hé toa do B¢ cac: a=a,i+a,j+a,k

’ 2y dv 2
Véi: ao= OX_dv, o dy dv,. _d7 dv
d  dt d’ e

Do 16n: a=|a|=,/a+a’+a’

3.2. Gia toc tiép tuyén va gia toc phap tuyén

—_ — —

a=a, +a,
a. Vécto gia toc tiép tuyén: ;t

Phuwong: Tiép tuyén véi quy dao tai diém dang xét.

Chiéu: Chuyén dong nhanh dan (v ting): ;t cung chiéu chuyén dong;

Chuyén dong cham dan (v giam): ?t nguoc chiéu chuyén dong.
. Av dv
Do lon: a= lim—=—
A0 AL dt
Y nghia: dac trung cho sy thay ddi vé do 16n cua véc to van tdc.
b. Vécto gia téc phdp tuyén: a
Phwong: La phuong phap tuyén cta quy dao tai diém dang xét (vudng goc véi tiép
tuyén tai do).
Chiéu: Quay vé phia 16m cua quy dao tai M, nén an con duoc goi 1a gia toc hudng
tam.
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Do lon: an = R (véi R 1a ban kinh cong ctia quy dao tai diém dang xét).

Y nghia: dic trung cho sy thay doi vé phuong cua véc to van toc.

Tom lai véc to gia tde trong chuyén déng cong ¢ biéu thirc : a = a, +a

Do 16n: = \Ja? +a’

4 - HAI DANG CHUYEN PONG CO PAC BIET

n

4.1. Chuyén dong thang bién doi déu
-Giatéc:  a=a; =const
- Van te: vV =at +vy

o at’
- buong di: s =gt +7



- Hé thuc lién hé: V2 - vy = 2as
2
- Phuong trinh chuyén dong: X = X, + V,t + >

4.2. Chuyén dong tron

a. Véc to vin toc goc

- Pinh nghia: Véc to van tde gbc la dai luong co gié tri 2
bang dao ham cua géc quay theo thoi gian.
d 'Il \\|
0=20 W0 W’l M
dt S LD ds
, — M
- Pac diém cua o k)A
Hinh 1-1

Phuong o : Nam trén truc A
Chiéu o : Thuén véi chiéu quay cua chit diém (quy téc cai dinh vit).
- Pon vi vin toc géc : radian/gidy (rad/s)

b. Véc to gia toc géc
Pinh nghia: Véc to gia tbe goc co gia tri bang dao ham theo thoi gian cua véc to

van toc goc.

—~ . Ao do
=1l —=—
A0 At dt
Pdc diém:
+ Phuong: Trung voi truc quay NGO AN
. . - AP
+ Chiéu: Néu o tang thi B cung .-~ |3
chiéu @ (hinh 1-2a) L OONG s L ONGR
B \\\\~—- D P Eif \‘\\\sﬁ\J/ ., 17
o Néu o giam thi f b b @
nguoc chiéu o (hinh 1-2b) A (o ting) A (o giam)
do Hinh 1-2a Hinh 1-2b

+Dolon: p=--

Don vi: radian/gidy? (rad/s?)
Y nghia vat ly: dac trung cho sy thay ddi cia véc to van tbe gbc ® , tire 1a dac
trung cho sy bién doi trang thai chuyén dong quay cta chit diém trén quy dao tron.
c. Cdc cong thure lién hé
- Lién hé giita van toc dai va van toc goc:

Do 16n: V=oR



_ —  —

Dang véc to: V=oxR
- Lién hé giita gia tdc tiép tuyén va gia téc goc:
Do 16n: a, =p.R
Dang véc to: ;t = E x R

- Lién h¢ gitra gia toc phap tuyén va van tdc goc:

_—

Dang vécto: a_, =—o’. R
- Cac phuong trinh ctia chuyén dong tron bién d6i déu:
+ Gia toc goc B = const

+ Van toc goc: ®, = 0, +pt

pt*

+ GOc quay : (p—(pozoootJr7

+ Hé thure lién hé: oatz —(og =2B(p—,)

D - BAI TAP CHUONG 1

|. BAI TAP THIi DU

Bai tap 1: Mot hon da duogc tha roi tu do tir diém A & d6 cao H = 15m so v6i mat dit.
Pong thoi mot vién dan duoc ban tir mit dat 1én cao véi van téc ban dau vo=20m/s theo
phuong thang ding di qua diém A. Bo qua luc can ctia khong khi. Lay g=10m/s?. Hay tinh:

a. Khoang cach gifra vién dan va hon da tai thoi diém v
t=0,5s. Be¢ i
b. Thoi diém va vi tri ma vién dan va hon d4 gip nhau. A $--- T o
c. Do bay cao nhat ctia vién dan néu khong c6 hon da. M= T )
Huong dan giai: Cho: H=15m; ~ ym l
Vo=20m/s; g~ 10m/s? : 5 l 1
Hinh 1-3

Hoi: Ay? t=0,55; tu? Ym? hmax?
a. Chon géc toa d6 O tai mat dat, truc Oy huodng 1€n trén theo phuong théng dtng.
Géc thoi gian 1a thoi diém khi cac vat bat dau chuyén dong.
Phuong trinh chuyén dong roi ctia hon dé tir 46 cao OA=H:
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gt*
—H-Z_ 1
Y > (1)

Phuong trinh chuyén dong ctia vién dan bén tir diém O 1én cao:

t2
Y, =V, t—% @)

Suy ra khoang cach giita vién dan va hon d4 tai thoi diém t = 0,5s la:
Ay =Yy1-Y2=H- Vot 3
Thay sé ta tim duoc: Ay =15-20.0,5=5m
b. Vién dan cham hon d tai thoi diém ty Gng véi khoang cach Ay = 0, tir (3) ta co:
0=H - voty -t :Vio :%=0,75 S
Thay t=0,75s vao (1) hoac (2) ta tim dugc vi tri vién dan cham hon da.:

y 9t 10.(0,75)
M

~12,2m
2 2
c. Néu khong c6 hon da roi thi d6 bay cao nhét hma clia vién dan s& tng véi vi tri B

tai d6 van toc ctia vién dan giam toi vg = 0, vi a = - g nén ta co:

2 2
vi-vi=-2gh—h__ Vo RO o5
2 2.10

Bai tap 2: Mot vién dan duoc ban tir mat dat 1én cao v&i van tde vo =800m/s hop voi
mit phang ngang mot goc nghiéng o = 30°. Bo qua luc cua khong khi. Lay g = 9,8m/s?. Hay xac
dinh:

a. Phuong trinh chuyén dong va dang quy dao cia hon da.

b. Thoi gian bay va van tdc cua vién dan khi cham dat.

c. Do bay xa nhat va do bay cao nhat ctia vién dan.

d. Gia tdc tiép tuyén, gia téc phap tuyén, gia tbc toan phan va ban kinh cong cua quy
dao vién dan tai diém roi cham dit.

Hudng dan gidi:

Cho: vo=3800m/s; g =9,8m/s?; a. = 30°



Hoi: X=Xp?Y=Y0? fxy)?

tA? VA? 1y
Xmax? Ymax ? N s Vo
ar? ap? a? R? v.M
, : : —r-a
a. Vién dan s€ chuyén dong trong mat phang Vo, ' Tg _
2 r I 14 o i : VAX
thang dimg Oxy chura vién dan van toc v, vagiatoc o =>— H —Np X
. . Y Ox VAV’V_ B |
trong truong g . Hinh1-4

Chon géc toa d6 O 1a diém vién dan bay ra khéi nong sting, truc Ox nam ngang, Oy
thang dimg hudng 1én trén. Co thé phan tich chuyén dong cia vién dan thanh hai chuyén dong
thanh phan:

- Chuyén dong thang déu theo huéng Ox véi gia toc ax= 0 va van téc ban dau
Vox= VoCOSQL.
Phuong trinh chuyén dong cua vién dan theo phuong Ox:
X = Vox. t = (VocOSoL) t = 400+/3 t (1)
- Chuyén dong thang bién doi déu theo huéng Oy véi gia toc a, = -g va van tdc ban
dau: voy= VoSin a.

Phuong trinh chuyén dong cta vién dan theo phuong Oy:

2 2

y:voyt—%z(vosina)t—%=—4,9t2+400t (2)

Khtr thoi gian t trong cac phuong trinh chuyén dong (1) va (2) ta tim dugc phuong
trinh quy dao cta vién dan:

g i
=7 X H(lg)x=-1,0210°%* +058x  (3)
V, C0S” o

Phuong trinh (3) ching t6 qui dao cua vién dan la mdt duong cong parabol (dinh tai
S, truc d6i xtng 1a SH).
b. Vién dan cham dét tai diém A c6 tung do ya = 0. Do d6 thoi gian bay cua vién dan

tir O dén A phai thoa man phuong trinh:

2
Ya=(Vysina)t, —9%‘\:0

_ 2vysina. 2.800.0,5
g 9,8

Suy ra: ty 81s 4)

Van toc cua vién dan khi roi cham dat tai diém A c6 d6 16n bang:
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Va=yVa +Va, (5)

Trong d6:  Vax = Vox = Vocosa = 400. J3 (m/s)

Vay = Voy- gta = VoSina - gta = - 400 (m/s)

Thay vao (5) ta dugc: v, =\/(400\/§)2 +(-400)* =800m/s=v,
Van tbe TA 1ap voi phuong ngang Ox mot goc nghiéng £ duogc xac dinh boi:

Vo —400 1

t = = =—
9 Vao 40043 4B

c. Do bay xa cia vién dan dung bang hoanh d6 X, =0A (Gng voit =tp).

=1g(-30°) > p=-30° =—q

2V, sin
Tu (1) suy ra: X, =V,,.t, :(VOCOSa).O—a

 Vvisin2a (800) /3

Hay: X ~56,6.10° (M) =56, 6km
y A . 08 2 (m)

Nhan xét thdy xa dat cuc dai khi sin 200 = 1 Gng v6i o = 45°,

- D§ bay cao cua vién dan ing voi tung d§ Y, =SH cua dinh
quy dao Parabol (tng v6i thoi diém t = ts), luc d6 van tdc theo phuong
Oy giam t61 khong (vy = 0). Nghia la:

\% V,Sino t
V, =V, — Oty =0ty =—% =0 =4

’ g g 2

Thay tri s6 t vao (2) ta tim duoc:

Hinh 1-5

gt;  (v,sina)®  (800.0,5)°

=y.=(v_sina)t. — =8,16.10° (m
ymax yS (o a)s 2 2g 29,8 ( )

d) Tai vi tri A (vién dan roi cham dat) gia toc tiép tuyén va gia toc phap tuyén c6 do
16n 1a:
a; = asinfB=gsin30°=9,8.0,5 = 4,9 m/s?
an = acosB = gcos30° = 9,8.+/3/2=8,49m /s’

Gia tc toan phan c6 do 1on la:

az\/at2 +a2 =4/4,9% +8,497 = 9,8 m/s?
Ban kinh cong ctia quy dao tai A dugc xéac dinh boi:
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2 2
R, =Va_B00" 75,4 10°m=75,4km
a_ 849

n

Bai tip 3: Mot banh xe ban kinh 10cm, luc dau dimg yén, sau d6 quay quanh truc
ctia nd voi gia toc goc bang 1,57rad/s%. Hay xac dinh:

a. Van toc goc va van toc dai cia mot diém trén vanh banh xe sau 1 pht.

b. Gia téc tiép tuyén, gia toc phap tuyén va gia tc toan phan cia mot diém trén vanh
banh xe sau 1 pht.

c. S6 vong ma banh xe di quay dugc trong 1 phut.
Huéng dan gigi: Cho: R=10cm; ay=0; A= 157rad/s?
Hoi: @ ?v?t=1phat
a? an? a? N?
a. Van tbc goc o va van tde dai v ¢ thoi diém t = 1phat = 60s.
w= pt=1,57.60 =942 rad/s
v=wm R=94,2.0,1=942m/s
b. Gia tdc tiép tuyén ay, gia toc phap tuyén a, bang:
a;=pBR=1,57.0,1=0,157 m/s?
an = @* .R =(94,2)% 0,1 ~ 887,36 m/s?

Do d6 gia toc toan phan a bang:

a= = ,/(0,157)*+(887,36)* ~887,36 /s’
¢) Goc quay ¢ va sd vong quay N sau 1 phut la:

. Bt’ _1,57.(60)"

=2826 (rad)
2
N:i:ﬁ =450 vong
2n 2.314



CHUONG 2
PONG LUC HQOC CHAT PIEM
A —-MUC PICH, YEU CAU
1. Ndm duoc ndi dung cua 3 dinh luat Newton.
2. Hiéu va van dung duoc cac dinh ly vé dong luong va dinh luat bao toan dong lugng
3. Hiéu duoc nguyén Iy Galiléo. Van dung duoc luc quan tinh trong hé qui chiéu c6 gia
toc.

B — CAU HOI ON TAP NOI DUNG TRONG TAM LY THUYET

1. Phat biéu dinh luat Newton thr nhit. Tai sao goi n6 1a nguyén Iy quan tinh. Dinh nghia
hé quy chiéu quéan tinh. Cho thi du.

2. Phat biéu dinh luat Newton thir hai va ¥ nghia.
3. Phat biéu dinh luat Newton thr ba. Néu cac luc lién két.

4. Trinh bay céac dinh 1y vé dong luong va xung luong. Néu y nghia vat 1y cua cac dai
lugng nay.

5. Thiét 1ap dinh luat bao toan dong luong. Piéu kién dé ap dung dinh luat bao toan dong
luong.

6. Trinh bay phép bién d6i Galiléo va cac suy luan. Phat biéu nguyén 1y twong d6i Galiléo.
7. Pinh nghia hé quy chiéu khong quén tinh. Luc quan tinh. Luc quén tinh ly tam.

C - TOM TAT NOI DUNG

1 - CAC PINH LUAT NEWTON

1.1. Pinh luat Newton thir nhat

Phét biéu: Mt vit c6 ldp (khéng chiu tdc dung ciia bén ngodi) néu dang ditng yén thi sé
ding yén mdi, néu dang chuyén déng thi dé la chuyén dong thang va déu.

1.2. Pinh luat Newton thir hai
Phét biéu : Trong hé quy chiéu qudn tinh, véc to gia toc & cia chat diém ty 1é va ciing
huéng véi lic tac dung 1én chat diém va ty 1é nghich véi khéi lwong cia chat diém do.

2 . — F
Biéu thttc: a =—
m

Suyra md=F =% F :phuong trinh co ban cua dong luc hoc chét diém
i=1
1.3. Dinh luit Newton thir ba
Phat biéu: Khi vt A tac dung lén vit B mot luc F, , thi vit B ciing tac dung lén vit

A mét luc F,_, ciing phwong, nguwoc chiéu va cing dg lé6n véi F,_, .
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Biéu thirc: Foa=—F.s

Trong hai luc trén, néu mot luc 13 lyc tac dung thi lyc kia 1 phan lyc. Lyc tac dung
va phan lyc 1a hai lyc truc ddi, tac 1a chung co6 “cung d6 16n nhung nguoc hudng”.

ChUy: Téng cdc néi luc twong tic trong mot hé vt triét tiéu.
2 - CAC LUC LIEN KET
2.1. Luc ma sat
a. Ma sat dong va ma sdt tinh
Luyc masatdong: f, = 4 .N
4, 12 hé s6 ma sat dong, tri s6 ctia g, ludén nho hon don vi ( g, <1), g, phu thudc vao
ban chat va tinh chat ctia hai bé mit tiép xuc.
Lyc ma sat tinh:  f, < x4.N
4, goi 12 hé s6 ma sat tinh
b. Lwc ma sat lan
Biéu thic: F. =y,.N
w1, 12 hé s6 ma sat lan, . duoc dinh nghia 14 ti s gitta luc theo phuong ngang can
thiét dé vat chuyén dong voi téc 6 khong d6i trén mot bé mit phang va luc phap tuyén
hudng 1én do bé mat tac dung 1én vat. Cac ky su cu duong con goi u, 1a su cdn tro kéo.
2.2. Luc cang
Luc cing tai mot diém 1a luc twong tac gitta hai nhanh day & hai bén diém do.
Tva T/ déu goi 1a luc cang cua soi ddy. Nhu vay: Luc cang cia soi ddy & bdt ky diém
nao trén soi ddy la lyc tac dung vao diem do.

V&1 mot soi day mém, khong dan, khoi luong khong dang ké, thi luc cang co cung
gia tri tai moi diém doc theo soi day.

2.3. Lwe hwéng tam

Theo dinh luat IT Newton, gia tbe huoéng vé thm duong tron do moét luc (hodc hop cua
vai lyc) c6 hudng hudng vao tam cua dudng tron gay ra, luc nay dugce goi la lyc hudng tam.

Biéu thtrc luc hudng tam: F,=ma,

V2
Do 16n: F, =ma =M=

n

Chuyén dong tron déu c6 thé gay ra boi tong hop cac luc, vi thé trong truong hop nay
hop lyc > F ludn huéng vao tdm cia dudng tron va c6 do 16n khong doi.
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Chuyén dong cuia mot chiée 6t6 khi di vao vong cua ludn duge chinh nguoi 141 xe va
ca cac k¥ su xay dung quan tam. Khi xe vao cua theo mot duong cong khong nghiéng, bang
phang s& khac véi khi xe vao cua theo mot duong cong nghiéng. Trong mdi truong hop, tiy
theo biéu hién cta luc hudng tam dé diéu chinh tdc do6 toi da cia xe ma xe van khong bi
truot.

3-CAC PINH LY VE PONG LUQNG VA XUNG LUQNG
3.1. Cac dinh ly vé dong lwong va xung lwong
* Pong luong:
Biéu thirc: K =mv
Pon vi: kg.m
S

a. Dinh Iy thir nhit vé dong lwog

Phat biéu: "Bao ham theo thoi gian cua vécto dong luwong cua chat diem tai mot thoi
diém ndao dé bang hop luc tic dung 1én chat diém tai thoi diém do".

_—

Biéu thurc: dd—f - F

b- Binh Iy thir hai vé djng lwong

Phat biéu: "Pg bién thién cia vécto dong lwong ciia chat diém trong mét khodng thoi
gian ndo dé bang xung lirong ciia luc tdc dung 1én chat diém trong khodng thoi gian twong

ung".

t,
Biéu thie: AK = K, - K, = [ F dt

4

t,
Dai lugng j F .dt dugc goi 1a xung lugng cua lyc hay xung luc trong khoang thoi gian At

4

=t - 1.
Don vi cua xung luc: N.s
Truong hop dic biét:  Néu F =const —» AK = F At
3.2. Y nghia cia dong lwong va xung lweng
Y nghia ciia déng hrong
Véc to dong lugng dac trung cho trang thai chuyén dong cua vat vé mit dong luc hoc.

Pong luong con dic trung cho kha nang truyén chuyén dong trong va cham giita cac
vat.

Y nghia ciia xung lwong: Xung luong cua luc dic trung cho tac dung cua luc trong
mot khoang thot gian nao do
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4 - PINH LUAT BAO TOAN PONG LUQONG
4.1. Pinh luat bio toan dong luwgng
a. Hé chit diém cé lgp

b

Phat biéu : "Téng dong luwong cua mot hé chat diém cé ldp dwoc bao toan ™.

Biéu thuc: K=Y K =K +K,+..+ K, =const

i=1
b. H¢ khong co lap
- Néu hé khong co ldp nhung téng cdc ngoqi lyc tac dung lén hé vat triét tiéu:

F = F =0thi YK =K +K,+..+ K, =const

n
i1 i1
- Néu hinh chiéu trén phuwong x nao do cua tong cdc ngogi lyc tac dung lén hé vat bi

triét tiéu Y F, =F, =0 thi > K, =K, +K,, +..+ K =const
i=1 i=1

5- TRUONG HAP DAN

5.1. Pinh luat hip din vii tru

Phét biéu : Hai chat diém khéi lwong my VA My nam cdach nhau mét khodang r, luén hiit
nhau bang cdc lee hdp dan E, VA F, ¢6 phwong trimg véi dieong thang néi hai chdt diém va
nguoc chieu nhau, ¢6 do 16m ty 1é thudn voi tich s6 khoi lwong cua hai chat diém va ty lé
nghich véi binh phwong khodng cdach r giiva hai chat diém do

Biéu thic: F,=F,=G _mlrzn?_

r

trong 46 G = 6,67.10""* N.m%¥kg? 1 hang sd hip dan vii tru.
5.2. Truwong hap din

Trong khong gian bao quanh mdi vat c6 khdi lugng déu ton tai mot dang vat chat dac
biét goi 1a truong hap dan.

6 - PHEP BIEN DOI GALILE VA NGUYEN LY TUONG DPOI GALILEO
6.1. Phép bién ddi Galiléo
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Xét hai hé quy chiéu Oxyz va O'x'y'z. Hé O

2 \ y y
ding yén, O' chuyén dong déu truot doc trén truc Ox y
’ . 14
v4i van toc V so voi O
Trén mdi hé gan mot dong hd. 0 ol 7, X, X',
Chon gdc thoi gian lac O' tring O. Theo co hoc % X 7
R 40 A _— v.t £<— X —>
co dién thi t'=1t. / .Z/
Goi céc toa do cua chit diém M trongh¢ Olax,y,z Hinh 2-1

vatrong hé O'lax’,y', z'

X=X+Vi X'=x-Vit

Ta co: y=yl Hodc: - J
71=12 '=12
t=t t'=t

Hai hé phuong trinh trén goi 1a phép bién d6i Galiléo
6.2. Nguyén ly twong doi Galiléo

Phat biéu : "CAc hién twong va cdc qud trinh co hoc trong cdc hé quy chiéu qudn
tinh khdc nhau déu xdy ra giong nhau".

7 - HE QUY CHIEU KHONG QUAN TiNH VA LUC QUAN TiNH

7.1. Hé quy chiéu khong quan tinh

Hé qui chiéu khong quan tinh 14 hé quy chiéu chuyén dong co gia téc doi v6i hé quy
chiéu quén tinh.

7.2. Luc quan tinh

Bicu thitc: F, =-mA
Pic diém:

F—qt chi 12 mot luc 4o (ta khong chi 13 Iyc 13 do vét nao tac dung 1én chat diém)
va chi xuét hién trong hé quy chiéu khong quan tinh.

F

. cung phuong, ngugc chiéu vai gia toc A

Polén:  Fg=mA
7.3. Lwe quan tinh ly tam
Bicu thitc: F, =-mA,
Dic diém
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F . cung phuong, ngugc chidu véi gia toc hudng tam A, . N6 c6 xu hudng
1am chat diém ving ra khoi tam.
Do 16n: Fait = M.Apt
D. BAI TAP CHUONG 2
|. BAI TAP THIi DU

Bai tap 1: Mot 6 6 khéi luong 1 tin chay trén doan dudng phang c6 hé sb ma sat 1a
0,1. Liy g = 9,8 m/s% Tinh luc kéo cua dong co 6 to khi:

a. O t6 chay nhanh dan déu véi gia téc 2 m/s? trén doan duong nim ngang.

b. O 6 chay trén dudng ddc voi van toc khong ddi. Mt duong c6 do doc khong doi
4% ( goc nghiéng « cua mat duong co6 sina = 0,04)

Huéng dan gidi:

Phuong trinh dong luc hoc: ma=P+N+F+Fm (1)

a. Khi 6 t6 di trén doan duong ngang:

Chiéu (1) 1én phuong Ox nam ngang va Oy thang dimg ta c6: ma=F—F_

va: 0=-P+N ; matkhac: F =uN

suy ra: F=ma+uN=m(a+ug)=1000.(2+0,1.9,8) = 2980 (N)

b. Khi 6 t6 1én dbc:

Chiéu (1) 1én Ox trung huéng chuyén dong cua 6 t6 va Oy vudng goc voi mit dbc, ta
cd: 0=-Psina+F' —F/ va: 0=-Pcosa+N’; mat khac: F/ = uN’

suy ra: F' =mg(sine + ucosa) = 1000.9,8.(0,04+0,1/1-(0,04)? ) = 1372,6 (N)

Bai tip 2: Mot soi day khong dan, khéi luong khong dang ké duoc vit qua mot rong
roc, hai ddu budc hai vat co khdi luong m; va my. Bé qua khdi lugng rong roc va coi ma sat
giita rong roc va truc quay la khong dang ké. Xac dinh gia toc ctia hé, strc cing cia soi day
va luc nén tac dung 1én truc cua rong roc.

Hudng dan gigi:  Cho: myg, my

Hoi: a? 1?

Gia sir : m; chuyén dong xudng dudi
m; chuyén dong 1én trén.

Chon truc OX theo phuong chuyén dong ctia hé, chiéu duong theo
chiéu chuyén dong ciia hé.

Phuong trinh chuyén dong ctia vat my: P+T,=m, a,
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Phuong trinh chuyén dong cua vt my: P,+T,=m, a, N

Vi khéi luong cta day va rong roc khong dang ké, bo qua ma sat
giita rong roc va truc quay: | T, |=| T, |=T . Vi diy khong gidn nén gia tdc
ctia ca hai vat déu bang nhau: a;= a,=a = P

L' I
- Chiéu cac phuong trinh chuyén dong Ién truc OX ta duogc:
B-T=ma
Hinh 2-3
-P,+T=ma
Tur hai phuong trinh trén ta suy ra:  a=-* "2 g: T= 2mm,
m, +m, m, +m,

Nhan xét:

- Néu my > m, thi a > 0, tic 1a: m; chuyén déng xubng, m, chuyén dong 1én.

- Néu my < m; thi @ < 0 — hudng chuyén dong nguoc lai véi gia thiét

- Néu m; = my thi @ = 0 — hé s& dung yén hay chuyén dong thang déu

Rong roc chiu tac dung cua hai lyc cing T' hudng thang ding xubng dudi va phan

luc phap tuyén N cua truc rong roc huéng thing dimg 1én trén. Vi rong roc nim can bang
nén gia toc bang 0,

nén ta co: 2T' =N =0
Suy ra: N=2T'=2T

Bai tap 3: Trén mot dia nam ngang dang quay, nguoi ta dit mot vat co khdi luong
m = 1kg cach truc quay r = 50cm. H¢ s6 ma sat gitra vat va dia bang » =0,25. Hou:

a. Luc ma sat phai c6 do 16n bang bao nhiéu dé vat duoc

giit trén dia néu dia quay véi van téc n = 12 vong/phuit.

b. Vi van toc goc nao thi vat bt dau trugt khoi dia. t
Hudng dan gidi: N
Cho: m = 1kg; r = 50cm; x = 0,25 Fing =

Hoi: a) Fins? khi n = 12 vong/phiit va vt nam yén trén dia

b) ®? thi vat truot khoi dia. Q‘ D

a) Chon hé quy chiéu O’ 1a cai dia quay, vi vay O’ 1a hé quy .
chiéu khéng quan tinh (do co6 gia toc hudng tdm so vai dat). Hinh 2-4

-l

Céc luc tac dung Ién vat trong h¢ quy chiéu O’ 1a: Trong luc P, phan luc cta dia 1én
vat N, lyc masatnghi F,. valyc quan tinh li tim F, .

Vi vat nam yén so voi dia nén phuong trinh chuyén dong cta vt trong hé O’ la:

Fms+Fq+F+ N =0
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Do P triéttiéu véi N nén ta dugc: ?m+Fq =0

Chon truc Ox theo phuong béan kinh dia, chiéu (+) hudng theo chiéu F_, (hudng vio tim

Chiéu phuong trinh trén 1én truc Ox ta duoc: Fps -Fq =0

2
Hay: Frs = F, =Ma’r = m(%) r

2.314.12

2
Thay sb ta dugc:  F,, :1.( j 0,5=0,784 (N)

b. Vat truot khoi diakhi F, > F,,

Hay: maw’r > k.P

Khi do: o> ”—rg Thay s6 duge: o > 2,2 rad/s.

Vay, voi o = 2,2 rad/s thi vat bat dau truot khoi dia.
Bai tip 4: Mot khau phao khoi luong 0,5 tan (khong ké dan) dat cd dinh trén mot xe

c¢6 khoi luong 10 tan. Xe dang chay trén dudng ray véi van téc 18km/h va khau phdo nha

dan theo phuong cua dudng ray. Vién dan c6 khéi luong 1kg va bay khoi dau nong phéo

vo1 van toc 500m/s. Bé qua céc luc can va ma sat. Hay xac dinh van téc cua xe ngay sau khi

béan lan dau trong hai trudng hop:

a. Pan ban theo chiéu xe chay.

b. Pan ban nguoc chiéu xe chay. .

AN
Hudng dan gidi: M'rz D mes V.
. ( ) —
Cho: M =10 tAn = 10.10%kg; M & % iz ZpdhV
M’ =0,5 tan = 500kg; m = 1kg ; )
v = 500m/s; V = 18km/h = 5m/s Hinh 2-5

Hoi: V’?

Vi trong luc P cua hé (xe, phéo, dan) cin bang véi phan lyc phap tuyén N cua

duong ray, dong thoi khong c6 luc ma sat va lyc can. Do d6 tong hop luc tac dung 1én hé

vat béng 0. Do do téng dong luong cua hé vat bao toan, nghia la:

(X K saukhivin) = (2 K truse khi bén) (1)
Goi: V lala van toc cua xe trudc khi ban
v la van toc dau nong cua dan

17



V' 1a van toc cta xe sau khi ban
Phuong trinh (1) dugc viét 1a: (M+MHV +mv = (M+M' +m)V

Suy ra: 7—(M +M '+ m)V—mV
' M+M'

(2)

a) Néu dan bin theo chiéu xe chay (v va V cing chiéu)
Ta chiéu phuong trinh (2) xudng huéng chuyén dong cua xe dugc:

(M+M+m)V —mv_ (10* +500-+1)5-1.500

v/
M+M' 10* +500

=4,95m/s >0

Vay xe van chay theo chiéu ban dau véi van tdc nho hon: Vi<v
b. Néu dan bin nguoc chiéu xe chay (v va V nguoc chiéu). Ta chiéu phuong trinh
(2) xudng hudng chuyén dong cua xe dugc:

. 4
iz (M +M+mV — (- mv): (10 +5004+1)5+(1'500):5,05m/s -0
M+ M' 10" +500

Vay xe van chay theo chiéu ban dau véi van toc 16n hon: vV/> v
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CHUONG 3
PONG LUC HQOC VAT RAN
A- MUC PICH, YEU CAU

1. Nam dugc khai niém khéi tdm. Viét dugc phuong trinh dong luc hoc khéi tim
chuyén dong va néu nhan xét.

2. Nam dugc dac diém ctia chuyén dong tinh tién ctia vat ran va chuyén dong quay cua
vat ran quanh mot truc co6 dinh.

3. Viét duoc phuong trinh dong luc hoc cua vat ran chuyén dong tinh tién va vat ran
quay quanh mdt truc ¢ dinh.

4. Hiéu va van dung dugc dinh Iy mémen dong lugng va dinh luat bao toan momen
dong luong.

B — CAU HOI ON TAP NOI DUNGTRONG TAM LY THUYET

1. Pinh nghia khoi tAm cta hé chat diém. Viét phuong trinh dong luc hoc cua khoi
tam. Néu y nghia cia khéi tam.

2. Néu dinh nghia, dic diém cua chuyén dong tinh tién cta vat ran. Thiét 1ap phuong
trinh co ban cua chuyén dong tinh tién cta vat ran.

3. Viét biéu thirc, néu dic diém, y nghia, don vi cua mémen luc.

4. Néu dinh nghia, dic diém cua chuyén dong quay cia vat rin quanh mot truc cd
dinh. Thiét 1ap phuong trinh co ban ciia chuyén dong quay cuia vat rin quanh mot truc co
dinh.

5. Viét cac cong thirc tinh momen quéan tinh ctia cac vat déng chat dbi voi truc dbi
xung va di qua khoi tdm ctia nd: thanh dai, dia tron, truc tron, khoi cau; cong thirc Steiner -
Huyghens.

6. Ching minh va phat biéu dinh 1y thir nhat va thir hai vé mémen dong luong.

7. Chlrng minh va phat biéu dinh luét bao toan mémen dong luong. Néu va giai thich
ung dung cua dinh luat nay.

8. Pinh nghia con quay. Néu tinh chét ctia con quay co truc quay tu do va con quay
c6 truc ti trén mot diém cd dinh.

9. Néu hiéu tng hodi chuyén va tmg dung cta hiéu tng nay.

C - TOM TAT NOI DUNG

1- KHOI TAM - CHUYEN PONG TINH TIEN CUA VAT RAN

1.1. Khoi tAm

a. Dinh nghia

Khéi tam ctia mot hé chat diém My, My,... My, c6 khdi lwong my, my,... my 1a mot diém

duoc xac dinh boi vée to vi tri R sao cho:
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M-
3

i=1

Toa do cua khoi tam duoc xac dinh boi cac biu thirc:
Z m; X; Z my;
_ i . — i .
2m 2.m,
i i

Trong do6: r, 1a vécto xac dinh vi tri cua chat diem M;.

R

Ks Yo Zg

b. Vin toc khéi tam

M-

mV,

m

i=1

Biéu thuc : Vg =

Il
s |—

c. Gia toc khéi tam. Phwong trinh chuyén dong ciia khéi tim

Biéu thirc: A, = -

Suy ra (Zn: m, jz = F : 13 phuong trinh chuyén dong cta khoi tAm. (Véi F = Zn:ﬁ )
i=1

i=1

Viy: Khdi tam cia hé chuyén dong nhu mot chit diém c6 khdi lugng bﬁng khoi lugng
ca h¢, chiu tac dung cua mot luc bang tong cac ngoai luc tac dung Ién hé.

1.2. Chuyén dong tinh tién ciia vt ran
a. Dinh nghia

Chuyén dong tinh tién 1a chuyén dong trong d6 moi chat diém trén vat ran déu vach
nhitng quy dao giong nhau .

b. Pic diém

- Trong cung khoang thoi gian, moi diém trén vat déu co cung dudng di.

- Tai cung mot thoi diém cac chat diém trén vat c6 cing van toc v va gia toc &.
c. Phwong trinh co ban ciia dopng luc hoc vit rin chuyén dgng tinh tién:

_— —

ma=F

- X - Y RPN
Trong d6: m=>'m, 1a khoi lugng cla ca vat ran
i=1

F = ZE, la téng cac ngoai luc tac dung 1én vat ran.
i=1
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Viy: Muén khao sat chuyén dong tinh tién ctia mét vat ran ta chi can xét chuyén dong
ctia khéi tém cua vt ran do.

2 - CHUYEN PONG QUAY CUA VAT RAN QUANH MOQT TRUC CO PINH

2.1. Chuyén ddng quay ciia vt rin quanh mét truc co dinh

a. Dinh nghia: Chuyén dong quay cia vat ran quay quanh mot tryc cb dinh A 1a
chuyén dong ma mdi diém trén vat déu vach ra nhiing quy dao tron c6 tim nam trén truc
quay A va cé mit phang vudng goc védi A.

b. Dic diém

- Trong cung mét khoang thoi gian, moi di€m cua vat ran déu quay dugc cung mot

goc o.
- Tai cung mot thoi diém, moi diém trén vat ran c6 cung van tde g0c o= ?j—(to va gia
£, = do
toc goc f=—
goc S at
-Héthuclienhé: v=wxr; a =fgxr

2.2. Momen lue ddi véi mot truc quay

Pinh nghia: Momen cuia luc F ddi voi truc A 1a mot véeto M duoc xac dinh boi:

M =(rxF)
Phuong: Nam trén truc A, vudng goc véi mit phang chira r VA F, .
Chiéu: Theo quy tic cai dinh vit (thuan chiéu quay tir r dén F, ).
Do 16n: M =r.F, Vi F 171)

Don vi : niuton mét (Nm)

* Y nghia vdt 1y: Momen luc d6i vi mot truc quay dic trung cho kha ning cua luc
lam quay vat xung quanh truc quay do6. Tac dung nay khong nhitng phu thudc vao cuong do
lyc ma con phu thudc vao canh tay don cua lyc.

2.3. Phwong trinh co béan ciia dong lwe hoc vat rin quay quanh truc ¢é dinh
Biéuthtc: 1.4 =M

Trong d6: M: Momen luc; 5: gia toc goc; I: mdmen quén tinh.

2.4. MGmen quan tinh

a. Khai niém
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Biéu thirc mémen quan tinh cta hé chat diém: | = > m.r?

Truong hop khéi lwong vat ran duoc phan bé lién tuc: | = '[ rZdm
Y nghia vat Iy: Mdmen quan tinh | 13 dai luong dic trung cho quan tinh ctia vat rin
chuyén dong quay.
Pon vi do mémen quan tinh: kg.m°®

b. Tinh mémen quan tinh ciia mot so vit ran dong chat co hinh dang doi xing, co

khoi lwong m, doi véi truc quay di qua khéi tam

. . 1
+ Thanh manh dong chat: l,= o ml?
+ Tru ddc( dia dic) ddng chat: I :%mR2
+ Vanh tron (tru rong) thanh méng: lo= mR?
+ Khéi cau dic dong chat: lo :% mR?

c. Dinh ly truc song song:
I =1,+ma’
Trong d6 a la khoang cach hai truc.

3- CAC PINH LY MOMEN PONG LUQONG PINH LUAT BAO TOAN
MOMEN PONG LUQNG

3.1. Momen dong luwong
a. Mémen dong lwong ciia mét chit diém doi véi mét truc quay
Dinhnghia: L, =rxK,
Trong d6: r 1a ban kinh vécto; K, 1a vécto dong luong: Ki=m.v
Pac diém:
+ Phuong L, : Nam trén truc A.
+Chiéu  : Theo quy tic céi dinh bc¢
+Dolon  La=r.Ki=r.my
Pon vi cia L: kg.m?/s
b. Momen dong lwong cua vit rin quay xung quanh mot truc céd dinh
Béu thirc: L = 1.0

bac diém
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+ Phuong L : Trung v6i phuong @ (nim trén truc A)

+ Chiéu : Cung chidu ©

+Dbolén L=lw
3.2. Céc dinh ly vé mémen dong lwgng ciia vt rin chuyén dong quay
a. Dinh Iy thir nhit

—_—

—_—

Biéu thurc: dd_lt_ =M

Phéat bi€u: "Pao ham theo thoi gian cua vécto momen dong lwong cua vat ran quay
xung quanh mot truc co dinh bang tong momen cua cac ngoai lyc tac dung lén vdt ran tai
thoi diem do".

b. Dinh Iy thir hai

b
Biéu thic: AL =L, - L, =[ M dt

4

.
Dai luong I M .dt dugc goi la xung lugng cia momen lyc trong khoang thoi gian At

|
=t -t

Phat biéu : "¢ bién thién véc to mémen déng lwong ciia vt ran quay quanh mot
truc co dinh bang xung luong cua tong véc to méomen ngoaqi luc tdac dung lén vdt ran trong
khoang thoi gian twong ung ".

Truong hop néu M =const thi AL = M At

3.3. Pinh luat bio toan mémen dong lwong:

Phat biéu: Mémen dong luwong cua vat ran cé ldp dwoc bao toan.

Biéu thirc L = I.&=const

Thuec té, vat ran ludn chiu tac dung cta ngoai luc. Nhung néu téng momen ngoai luc

tac dung lén vat ran quay quanh truc A bang khong thi mémen dong luong cta vat rin d6i
vai truc quay A cling bao toan.

a. Vat ran khéng tuyét doi néu M =0 thi L =1 = const
T d6 suy ra: khi I tdng thi ©s@ gidm (vat quay cham hon) va nguoc lai.

b. Hé vdt gom nhiéu phan quay

Néu M =0 L =1,&, +1,d, = const
Gia sir lac dau hé vat khong quay (L=0) thi L=1,6,+1,,=0
hay &,=-1a
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Tir d6 suy ra van toc goc @, nguoc chidu voi @,.
D. BAI TAP CHUONG III

|. BAI TAP THi DU

Bai tip 1: Banh xe dudng kinh 1m gdm mot vong tron manh c6 khéi lwong 10 kg va
bdn nan hoa duge 1am tir cac thanh manh, mdi nan hoa c6 khéi luong 2 kg (hinh 3-1). Xac
dinh mémen quén tinh cta banh xe ddi véi truc vudng goc voi mit phang trang gidy di qua
diem A.

Hudng dan giai:
Momen quan tinh cua banh xe tai diém G P

_ 1 |
lg =1 panh t+ lnan = m1r2 +4.§m2r2 i |

I, = 10.0,5%4.%2.0,52 =3,17(kgm?) \ N

Momen quén tinh cta banh xe tai diém A:
Ap dung dinh 1y truc song song: I, = I, +md?
suy ra: 1, =l +(m +4m,)r* =3,17+18.0,5* = 7,67(kgm*)

Bai tap 2: Mot banh xe c6 ban kinh 50cm dang quay dudi tac dung cua mémen luc
bang 980Nm. Hay xac dinh luc nén vudng goc ciia mdi ma phanh tac dung 1én banh xe dé banh
xe quay cham dan quanh tryc ctia né véi gia toc bang -2,5rad/s? (hinh 3-2). Cho biét hé s6 ma
sat gitta ma phanh va banh xe 1a u = 0,25. Momen quan tinh cua banh xe va truc ctia nd doi
v6i truc quay bang I = 50kgm?.

—a TF
Hiréng dén gigi: Cho R=50cm:; M =980 N.m g ﬁ” 8
B =-25radls? p=0,25;|=50kg.m? .

2R

ms

N
Hoi: N ‘ , Hinh 3-2
Khi ham phanh, banh xe quay cham dan quanh mot truc c6
dinh O nam ngang véi gia toc goc B dudi tac dung cia moémen luc phat dong M va mémen
lyc can (mOmen lyc ma sat M¢). MOmen lyc ma sat ngugc hudng voi mémen lyc phat dong.
Ap dung phuong trinh co ban cta chuyén dong quay ddi véi banh xe:
I ﬂ = M—Mc = M'Z.Fms.R (1)
trong d6 Fy, 1 lyc nén vudng goc ctia mdi ma phanh tic dung 1én truc ctia banh xe.

Thay (2) vao (1), ta tim dugc:
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F_MoLp_980-5002.5) 40y,
2uR 2.0,2550.10

Bai tip 3: Mot banh da c6 dang mot dia phang tron dang quay quanh truc ctia né véi
van toc 480 vong/phut thi bi tac dung mot mémen Iuc ham. Banh da co khdi luong 500kg va
ban kinh 20cm. Hay xac dinh momen cia lyc ham trong hai truong hop:

a. Banh da dung lai sau khi ham 50 giay.
b. Banh da dung lai sau khi quay thém dugc 300 vong.
Huéng dan gigi:  Cho: @y = 480 vong/pht = 16x rad/s
m = 500kg; R =20cm =0,2m
Hoi: M? (a) ;=0, At=50s
b) x=0, N =300vong
a. Vi trong sudt qua trinh ham thi luc hdm khéng d6i — M = const.

Ap dung dinh 1y vé mémen dong lugng:

AL _ L-L _
A hay A

MaL,=l.an=0; Li=la
Do vay, ta dugc:  -laon = Mp.At

_ , 232
l.oo, Thay sé: Mh:_o,5..5oo.(2o.1o 21631 0 )

Suy ra: M, =
y "T At 50

b. Tir khi bat dau ham dén khi dimg lai, banh da quay thém dugc 300 vong tng véi
goc quay ¢ = 2z.N = 6007 (rad).

Ap dung cong thic: @? - 0> =2L.¢

— (Gia toc goc cua banh xe la:

— 0)12 - 2
p=-—L = -0,67rad/s
2.0

Ap dung phuong trinh co ban ctia chuyén dong quay ta dugc:
M=14= %mRz.ﬂ = -6,7 (N.m)

Bai tip 4: Mot tru dic khoi lugng m; = 100kg quay xung quanh mot truc nam ngang
tring voi truc caa tru. Trén tru c6 cudn mot soi day khong gidn trong luong khong dang ké.
Pau ty do ctia day c6 treo mot vat nang khdi lugng m, = 20kg (hinh 3-3). Bé vat ning d6 tu
chuyén dong. Tinh gia toc ctia vat nang va stc cang cia soi day.

Hudng dan gigi:  Cho: my = 100kg (tru dic)
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m, = 20kg

Hoi: a? T? A
Taco: T =-T ._" |
- C4c lyc tac dung lén try la: P, N, T'. r
P, va N triét tiéu nhau con T' gay ramdmen M lam quay tru. AT
Ta c6 phuong trinh: I.f=M (1) I:']mz
- Cac luc tac dung Ién vat ndng la P, va T . Céc luc nay lam vat nang P,
chuyén dong tinh tién thang dimg xubng dudi véi gia toc a. Hinh 3-3

Ta c6 phuong trinh: P+T =m,.a (2)
- Chon tryc Ox theo huéng chuyén dong cta vat my.
Chon truc A vudng goc vo1 mat try, chiéu duong hudéng thuan chiéu quay cua tru.

Chiéu cac phuong trinh trén 1én cac tryc twong tmg ta duogc:

Tu (1) co: I f=M  hay |%=T'.R
. m]_RZ . . / . rnla
Thay I = 2 ) at =a y T = T Ta dlI'O’C. T =T
Twr (2) ta co: P,-T =m,a
Két hop hai phuong trinh trén ta duoc: a= 2m,g _ 22098 =2,8m/s?
2m,+m, 2.20+100
T:%:loo'z’8 ~140N

Bai tip 5: Mot thanh gd mong dai 0,5m c6 thé quay tu do quanh mot truc nam ngang
di qua dau trén ctia thanh. Mot vién dan khdi lugng 10g bay theo phuong ngang vai van tdc
400m/s toi ddm xuyén vao dau dudi ctia thanh gb va mic lai & d6 (Hinh 3-4). Khéi luong
ctia thanh gd bang 6kg phan b déu doc theo chiéu dai thanh. Bo qua ma sat cia truc quay
va lyc can ciia khong khi. Hay xac dinh van toc goc cua thanh gd sau khi vién dan dam
Xuyén vao no.

Huéng dan gidi:

C6 thé coi gan dung khi vién dan vira cham sat thanh gd, cac trong luc tac dung 1én
hé vat (vién dan va thanh gd) déu cé phuong cat truc quay tai diém treo O. Nhu vay tong
momen ngoai luc tic dung 1én hé vat bang khong. Do d6 tong momen dong luong cta hé
vat dbi vai truc quay O bdo toan, nghia la téng moémen dong luong cua hé¢ vat ddi véi truc
quay O trudc va sau va cham c6 cung gia tri:
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n n
- _ _ S
( I—i j Sau va cham — ( Li j Trude va cham 0 T
i=1 i=1

Hay: L/hé = Lne (1) GI H

P
Ban dau thanh g6 duing yén, vién dan (coi la chat di€m) co ¥ \L
, i , R o) -
van toc v theo phuong vudng goc voi thanh, cach truc quay O mot mo— N
khoang |. Nhu vay, momen dong lugng cua hé ngay trudc khi vién Hinh 3-4
dan xuyén vao tim gb 1a:
Lhe = mlv (2)
Sau khi xuyén vao thanh gd, vién dan cung thanh gd chuyén dong quay quanh tryc O
véi van toc goc @' . Momen dong luong cua hé la:
L' he = (ldan + lthanh) @'
Momen quan tinh cta vién dan (coi nhu chat diém) d6i véi truc quay O 1a:
12

Idan = ml .

Mo6men quan tinh cta thanh gb ddi véi truc quay O di qua du mat cua thanh 1a:

2
_ m,l? I m, |2
lthanh = +mM,| — | =

12 2 3

m, |

—)o ©)

Vay duge:  U'ps=(m. 1>+
Thay (2) va (3) vao (1) ta tim duoc tbc d6 quay cua thanh gb sau khi vién dan dam
Xuyén vao no:

-3
o = m,.v _ 10.107°.400 ~4(rad / s)

M1y (10107 6]05
(mﬁe,). ( +2o,

Bai tip 6: Mot ngudi ngdi trén ghé quay (ghé Giucdpxki) sao cho phuong cua trong
luc tac dung 18n ngudi va ghé tring véi truc quay ctia ghé. Ngudi d6 giang hai tay va mi

tay cam mot qua ta c6 khoi luong 2,0kg. Khoang cac tir mdi qua ta dén truc quay ctia ghé 1a
0,8m. Cho ngudi va ghé quay véi van tde 30vong/phit. Mémen quén tinh cia ngudi va ghé
(khong ké cac qua ta) doi véi truc quay 1a 2,5kgm? Hiy xéac dinh van tc quay ciia ngudi
va ghé khi nguoi d6 co hai tay lai dé khoang cach tir mdi qua ta dén truc quay chi con bang
0,6m.

Hudng dan gigi:  Cho: mp=m,=m = 2kg I, =0,6m
I, =0,8m lo = 2,5kgm?
n; =30 vong/phat
Hoéi: ny?
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Céc ngoai luc tac dung 1én hé ngudi va ghé chi gdm cac trong luc va phan luc, ching
déu c6 phuong trung véi truc quay cua ghé. Do d6 mémen ngoai lyc tdc dung 1€n hé vat
bang khong. Do vady momen dong luong cua hé¢ vat bao toan.

L=L
Hay: Lo,=1, 0, (1)
Chiéu phuong trinh (1) trén truc quay ta dugc: Lo =10, (2)
Ta co, khi nguoi dang tay: I, =1, +2ml,* =2,5+2.2.(0,8)° = 5,06kg.m?

30

@, =2m, =2.314.—=314rad/s

60

Khi nguoi co tay: I, =1,+2ml; =25+2.2.(0,6)° = 3,94kgm’

Thay vao (2) ta tim duogc: w, = :—10)1:%.3,14 =4,03 rad/s
2

Suy ra van tc quay ctiia ghé khi ngudi co tay 1a:

w, 4,03 \ ,
n,=—2=—"-"/_60=38,5 (vong/phut).
> 2n 2314 (vong/phut)
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CHUONG 4
CO NANG
A- MUC PICH, YEU CAU

1. Nam duoc biéu thire tinh céng va cong suat, Biéu thire tinh céng va dong ning cia
vat ran trong chuyén dong quay quanh mot truc c6 dinh.

2. Nam duoc dinh 1y bién thién dong nang. Van dung dinh 1y bién thién dong niang dé
giai cac bai toan trong chuyén dong tinh tién va chuyén dong quay.

3. Nam dugc khéi niém luc thé, thé nang. Van dung dugc dinh luat bdo toan co nang
trong trong truong.

4. Van dung duoc dinh luat bao toan dong lugng va dinh luat bao toan co nang dé giai
cac bai toan vé va cham.

B — CAU HOI ON TAP NOI DUNG TRONG TAM LY THUYET

1. Pinh nghia cong, cong suat va ¥ nghia cia chung. Biéu thirc tinh cong va cong suat
trong chuyén dong quay.

2. Néu dinh nghia, biéu thirc, ¥ nghia ctia dong nang. Ching minh dinh 1y dong ning
(cho trudng hop chit diém va truong hop vat chuyén dong quay).

3. Khai niém vé trudng lyc thé va lyc thé. Cho thi dy.

4. Pinh nghia thé ning cta chat diém trong truong luc thé. Biéu thirc thé ning cta chat
diém trong trong truong. Noi dung cua dinh 1y thé nang?

5. Pinh nghia co ning. Biéu thiic co ning ctia chat diém trong trong truong déu. Phat
biéu dinh lut bao toan co ning cua chat diém trong truong luc thé va trong trong truong
déu. Khi ndo thi co ning bi bién d6i? Viét biéu thic tinh d6 bién thién co nang.

6. Thé nao 1a va cham dan héi xuyén tam va va cham mém xuyén tam.
C - TOM TAT NOI DUNG

1. Cong va cong suat

1.1. Cong cua luc

* Xét mot vat chiu tac dung ciia mot luc F khong doi chuyén do1 duoc mot doan thﬁng

MM'=s

Biéu thic: A=Fs.cosa= F.s
* Truong hop tong qudat:
Cong cua luc F trong ca chuyén doi BC la:

A:jdA:jf.dE

BC BC
* Pon vi cong trong hé SI: Jun (J)
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1.2. Cong suit ciia lwc

Biéu thitc: N = C(Ij—? —F.V

Don vi cong suit: oat (W)

1.3. Cong va cong suat cia lwe tac dung trong chuyén dong quay

o t
Cong cua mémen lyc: A= jdA = j M.do = J M..dt
0 0

. . A -
Cong suat cua mdt lyc trong chuyén dong quay la: N = aA =M.o

dt
2 - PONG NANG
2.1. Pong ning va dinh 1y vé dong ning
a. Dong nang
Pinh nghia: Pong ning 1 phan co ning tuong tmg véi sy chuyén doi clia vat.

mv?

Biéu thirc: W, =
bPon vi: ]
b. Dinh ly dong nang

mvs  mv?

Biéu thc: =W,,-W, =A

Phat biéu: "Dé bién thién dong ndng ciia chdt diém trong mét chuyén doi bang cong
cua ngoai luc tac dung lén chat diém trong chuyén doi do".

2.2. Pong niing ciia vit rin trong chuyén dong quay:

I 2
Dong nang: W; = %
Dinh Iy dong ning cua vat rin quay :

+ Biéu thirc Wip- Wy = —2-—5=A

+ Phat biéu: "Dé bién thién dong nang cua vat ran quay quanh truc co dinh A bcing
cong cua momen ngogai lyc tdc dung lén vat ran doi voi cung truc quay do "
mv? o’
+ —_—
2 2

Chu y: Truong hop néu vat ran vira quay vira tinh W, =
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3- TRUONG LUC THE VA THE NANG
3.1. Truong luc thé

Truong lyc thé 1a truong luc ma cong cua lyc khong phu thude vao dang duong dich
chuyén ma chi phu thudc vao vi tri diém dau diém cuoi.

3.2. Thé niing:

Dinh nghia: Thé ndng ciia chat diém trong trueong lwc thé la mét ham Wy phu thudc
vao Vi tri cua chat diém, sao cho do giam thé nang bang cong cua luc the.

- Thé nang cua chdt diém trong trong trong déu:
+ Biéu thire: W, =mgz +C
+ Pinh 1y thé nang : mgz, —mgz, = Wy - W;2= Ap
Phét biéu : “Hiéu thé ndng cia chat diém khi né chuyén doi tie vi tri (1) dén vi tri (2)
trong trong trieong bang cong cia trong lyc trong chuyén doi dé ™
4. Dinh luat bao toan co' ning
4.1. Co ning trong truong luc thé

2
Biéu thuc: W = mTV + mgh

4.2. Pinh luit bao toan va bién doi co ning

: mv’
* Biéu thuc: W=W, +W, = T+ m.g.h = const

Phat biéu:"Khi chat diém chuyén dong trong mot trudng chi c6 luc thé thi co ning
ctia chat diém bao toan".

* Truong hop chat diém chuyén dong trong mot trudng luc ngoai luc thé con co cac
luc khac, cac luc nay sinh cdong A’ 1am co ning cua chit diém bi bién d6i

Biéu thirc: AW=W, -W, = A’

Phat biéu: PG bién thién co ning bang cong cia cdc ngoai liee khdc tac dung.
5.Va cham

5.1. Va cham dan hoi

Van tdc hai qua ciu sau va cham

.~ (m-m,).v,+2m,.v,
m, +m,

Vi

.~ (m—m).v, +2m,.v,
m, +m,

V2
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5.2. Va cham mém
m,.v, + m,.v,
m, +m,

Van toc hai qua cau sau va cham V' =

D - BAI TAP CHUONG IV

|. BAI TAP THI DU

Bai tap 1: Mot 6t6 khdi lugng m = 1000kg chay véi van toc khong d6i bang 36km/h.
Hé s6 ma sat giita banh xe v6i mat duong bang 0,07. Liy g = 9,8m/s2 Hiy tinh cong suit
cua dong co 6t6 khi:

a. Otd chay trén doan duong phang ngang.

b. Ot6 chay 1én ddc trén doan dudng phang hop voi mat ngang mot goc nghiéng o
sao cho sin a = 0,05.

Huéng dan gidi:

Cho: m =1000kg; v =36km/h =10m/s; k=0,07; g = 9,8m/s?

Hoi: N? khisina=0

khi sin oo = 0,05

A _— %

Ot6 chiu tac dung cua: Trong luc P , phan lyc phap "N
tuyén N cua mat duong phéng, luc kéo ﬁ cta dong co va : y
luc ma sat F—ms gitta banh xe vo1 mat duong. ) L ;

Chon truc Ox theo phuong cua mit dudng, chiéu duong Fis )
1a chiéu chuyén dong cia xe. Hinh 4-1

Phuong trinh chuyén dong cta xe 6t6 khi xe chuyén dong déu la:

P+N+F +F, =ma=0 (1)

a. Khi 6t0 chuyén dong trén dudng phang ngang:
Chiéu (1) 1én tryc Ox ta dugc: F, —F_ =0
F =F,=kN=kP

Suy ra cong suét cua oto la:
N =F.v =kmg.v=0,07.1000.9,8.10 = 6860W = 6,86kW

b. Khi 6t6 chay trén dudong phang nghiéng:

Chiéu (1) 1én tryc Ox ta dugc: ~ Psina+F, —F =0

Hay: F =-Psina+F, Hinh 4-2
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Vi: N =Pcosa
nén:
Suy ra cong suat ctia 6t6 la: N = F,.v =mg(sin o+ kcosa)v
Thay cosa = +1—sin’o =0,9975 ta dugc:
N =1000.9,8.(0,05+0,07.0,998).10 ~11750W =11, 7KW

Ta théy khi 1én ddc, dong co cua 6t6 phai thuc hién mot cong suét 1on hon so véi khi
n6 chay trén dudng phang ngang.

Bai tip 2: Mot vién dan khéi luong 10g dang bay voi van toe 500m/s toi xuyén vao
tam gb day mot doan bang 5cm. Hiy xac dinh:

a. Luc can trung binh cua tam gd tac dung 1én vién dan.
b. Van tdc ctia vién dan sau khi xuyén qua tim g néu tdm gd chi day 2,4cm.
Huéng dan gigi:  Cho: m=10g; s=5cm; v =500m/s
Hoi: a. F,?
b. s’=2,4cm; v’?

a. Ap dung dinh 1y dong niang dbi véi chuyén dong cua vién dan khi xuyén vao tim
gd mot doan s = Scm.

Suy ra luc can trung binh cta tim gd tac dung 1én vién dan c6 do 16n bang:

_mv?10.10°%(500)’
" 25 25107

=25.10°N

b. Néu tdm gd chi day s’ = 2,4cm thi 4p dung dinh 1y dong ning ddi véi chuyén dong
cua vién dan ta co:

mv'? mv?

2 2 C c’

Suy ra van toc cia vién dan sau khi xuyén qua tam go c6 do day s’ = 2,4cm la:

v‘=,/v2—£.Fc.s'
m

25.10°.2,4.107° ~360m/s

2
10.107°%

Thay sb: v‘=\/(500)2—

33



Bai tip 3: Mot dia phiang dong chat ning 2 kg lin khong truot trén mot mit phang
nam ngang véi van toc khoi tdm v =4 m/s. Tim dong ndng cua dia.

Huong dan giai:

Pong ning tinh tién: W‘”_T = '7216 J)

Dong nang quay: WdZ:I—:—-—:—:8 J)

DPong ning toan phan: W=W,, + W, =16+8=24 (J)

Bai tip 4: Tinh cong can thiét dé lam cho mot v6 lang hinh vanh tron, dudng kinh
50 cm, khdi luong 200 kg dang quay voi tbe d6 120 vong/phut dat duoc toc do 180
vong/phdt.

Huréng dén gidi:
| =mR? =200.0,25°=12,5 (kgm?)

Ap dung dinh 1i dong nang: A:%—% =1233,7 (J)

Bai tip 5: Mot khau phao c6 khéi luong 500 kg bin theo phuong ngang. Vién dan
c¢6 khoi luong 5 kg va c6 véan toc dau nong 1a 400 m/s. Ngay sau khi ban, khau phao giat
Iui mot doan 45 cm. Hay xac dinh lyc ham trung binh tac dung l1én khau phao.

Huéng dan gidi:

ap dung dinh luat bao toan dong luong: mv+MV =0

Chon truc Ox theo chiéu chuyén dong cua vién dan.

_mv_ 5400

V= ———=—4 (mls)
M 500
, T S < .~ MV?
ap dung dinh 1y bién thién dong ndng: 0- =F,s
2 2
Suy ra: F=- MvZ __S0047 8889 (N)
A 2.0,45

Bai tap 6: Hai qua cau duogc treo ¢ dau hai soi day dai khong gian song song va c6 do

dai b?mg nhau. Pau con lai ctia mdi soi day nay dugc budc ¢ dinh vao mot
gid d& sao cho hai qua cau tiép xtic voi nhau va tim cia chung déu nam trén
mit phang ngang (hinh 4 -3). Khéi luong ciia hai qua cau lan luot bang ,
200g va 100g. Qua ciu thtr nhét dugc nang 1én dén d6 cao h=4,5cm vasau 1~

d6 duoc tha ra dé nd ti chuyén dong dén va cham vao qua cau thr hai dang @ A

7 . . YD
dimg yén. Lay g = 9,8m/s%. Bd qua stic can cta khong khi. Hoi sau khi va NP\
cham cac qué cau duoc nang 1én t6i d cao bao nhiéu? Xét hai truong hop: H‘mﬁ 4_23

a. Va cham la hoan toan dan hoi.
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b. Va cham mém.
Huédng dan gigi: Cho: m; = 200g; m, = 100g
h =4,5cm; g =9,8m/s?
Hoi: a. h’1? h’,? b.h’?
Xét qua trinh chuyén dong cua qua 1 trude va cham:

—_—

Qua 1 chiu tac dung cua trong luc Fl va lyc cang T, .
Vi A: =0 (do T, L v,)ma P, lalyuc thé, do d6 co ning ctia qua 1 bao toan.

Chon méc tinh thé ning 12 mat phang ngang qua vi tri cia cac qua khi ddy treo thang dung.
: e m,v;
Ap dung dinh luat bao toan co nang ta dugc: > =m,gh,

Suy ra van toc cia qua cau 1 ngay trudc va cham la:

V,=./2gh, =4/2.9,8.4,5.10% ~0,94m /s

a. Truong hop va cham dan hoi:
Trudce va cham, qua cau 2 dimg yén (v2 = 0). Ap dung cong thirc (4-23) va (4-24) ta tim
dugc van toc cua hai qua cau ngay sau va cham:
V- (m,—-m,)v; (0,2-0,1)0,94
m, +m, 0,2+0,1
v,= 2m,Vv, _ 2.0,2.0,94
m+m, 0,2+0,1

~0,31m/s

~1,25m/s

Ap dung dinh luat bao toan co nang doi véi qua trinh chuyén dong cua moi qua sau
va cham ta tim dugc d§ cao ma moi qua 1én duogc:

-Péivoiquichul:  mygh, :ml%

2 2
suy ra: h, = Vi _O3D g

29 29,8

‘2

- Pbi véi qua cau 2: m,gh, = m22V2
‘2 2

Suy ra: h, =2 = @25 _gomm

29 29,8

b. Trudng hop va cham mém:
Trudc va cham qua cau thir 2 dting yén (v2 = 0). Ap dung dinh luat bao toan dong
lugng cho hé 2 qua cau ta co:
myVv, = (ml + mz)V
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Véan toc cua ca hai qua ngay sau khi va cham la:

. my, 0,2.0,9

V,=V,=V'= = ~0,63m/s
m,+m, 0,2+0,1

Ap dung dinh luét bao toan co ndng do1 véi qua trinh chuyén dong cia ca hai qua cau
sau va cham, ta tim dugc d0 cao ma ca hai qua cau da nang Ién:

‘2
(m, +m, ) gh= (T )Y
‘2 2
Suy ra: h=Y _ (0,63) ~20mm
29 2.9,8
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CHUONG 5
DAO PONG CO - SONG CO
A- MUC PiCH, YEU CAU
1. Nam duoc dinh nghia dao dong co va diéu kién dé mot hé c6 thé dao dong co.

2. Nam duogc phuong trinh dao déng dong co cho ba trudng hop: Dao dong co diéu
hoa, dao dong co tat dan, dao dong co cudng buc. Nim duge hién tuong cong huong co.

3. Nam duoc ban chat song co va cac dac trung ctia no.

4. Thiét lap duoc phuong trinh song co. Van dung dé tinh duoc bién do dao dong
tong hop trong sy giao thoa cac song két hop.

B — CAU HOI ON TAP NQI DUNG TRONG TAM LY THUYET
1. Pinh nghia dao dong co. Néu diéu kién dé mot hé co thé dao dong co.

2. Viét phuong trinh dao dong co diéu hoa. Biéu thirc tinh chu ky riéng cta con lic
10 x0, con lic don, con lic vat ly. Biéu thirc ning luong dao dong co diéu hoa.

3. Viét phuong trinh dao dong co tit dan. Néu y nghia ctia giam luong 16ga trong dao
dong co tat dan.

4. Viét phuong trinh dao dong co cudng birc. Nhan xét su phu thudc cuia A, ¢ vao
tan s6 Q cuia ngoai luc kich thich.

5. Hién tuong cong huong co 1a gi. Néu diéu kién dé c6 cong hudng co. Néu dic
diém cua ho duong cong cong huong. Néu tic dung va tac hai cia hién tuong cong hudng
co trong k¥ thuat va doi song.

6. Tong hop hai dao dong diéu hoa ciing phuong cung tan sb.

7. Trinh bay sy tao thanh song co trong moi trudng dan hdi. Néu nhiing tinh chat va
nhirng dai lugng dic trung cho song co.

8. Thiét 1ap phuong trinh séng co. Viét biéu thirc mat d6 nang luong trung binh cua
song co.

9. Hién twong giao thoa song 13 gi? Néu cac diéu kién vé hiéu pha Ap dé c6 dugc
bién do soéng téng hop 1a cuc dai hodc cuc tiéu.

10. Thé nao 1a séng ding? Viét biéu thire bién do séng ding va biéu thirc xac dinh
vi tri ¢6 bién d6 song cuc dai, cuc tiéu.

C - TOM TAT NOI DUNG
1- DAO PONG CO
Dinh nghia : chuyén dong co trong d6 trang thai ciia hé vat bién d6i tudn hoan theo
thot gian
Diéu kién dé mot hé vat co thé thue hién dao dong la:

- Hé phai c6 mot vi tri can bang bén.
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- Hé phai chju tac dung ctia mét luc kéo nd vé vi tri can bang bén.

- Hé phai c6 quén tinh dé tiép tuc vuot qua vi tri can bang bén.

1.1. Dao dong co diéu hoa

a. Dao dpng co diéu hoa ciia con lic 16 xo

* Phuong trinh dao dong diéu hoa. X = Ao.cos( ot + @)

-bo déri‘(hay ly d6 dao dong) x: Dé xac dinh vi tri ctia con lic 10 xo & thdi diém t so
véi vi tri can bang.

- Bién d6 dao dong Ap: Xac dinh gidi han dao ddng ctia hé vat. Ay = |X|max = cONst

- Pai llIQ{lg (ant + @) goi l1a pha cua dao dong. N6 xac dinh trang thai dao dong cta
hé vat & thoi diém t.

¢ 13 pha ban dau cua dao dong ¢ thoi diém t = 0.

. ° A A J4 9 A k
- Dai luong ax (don vi: rad/s) 1a tan s6 goc cua dao dong: o, =, /—
m

. dx :
* Phuong trinh van toc: v = P —0,A, Sin (@t + @)

2
\ A . A X
Phuong trinh van gia toc: a = P —A, cos( @yt + @) = —iX

Nhdn xét: Trong dao dong diéu hoa, d6 doi X, van tée v va gia tdc a ctia hé déu bién
do1 tuan hoan theo thoi gian t véi cung chu ky To

* Chu ky To (5) 1a khoang thoi gian dé hé vat thuc hién duoc mot dao dong toan phan:

T(): E = ZTE\/E
®, k

* Tan s6 fo (Hz) 1a s6 dao dong toan phan trong 1 don vi thoi gian.
1 1 [k
fO = — = — B
T, 2n\m
* Ning lwong ciia dao dong co diéu hoa
Ning lugng dao dong co didu hoa cta con lic 16 xo bang tong dong ning va thé ning
1 1
cua no: W=W,+ W, = > M. ax?. Ag® = > k. Ag? = const
Nhdn xét: Trong dao dong diéu hoa, dong niang va thé nang cta con lic 16 xo ludn bién
d6i tudn hoan va chuyén héa lan nhau, nhung ning luong dao déng cta né ludn bao toan va
ty 1€ v6i binh phuong bién do dao dong.

b. Dao djng co diéu hoa ciia con lic vit Iy
Chu ky dao dong diéu hoa cta con lac vat 1y 1a:
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T,=2n 1
mgl

¢. Dao dong co diéu hoa cua con lac don

1.2. Dao ddng co tiat din
a. M6 td dao déng : 13 dao dong c6 bién d6 dao dong va ning luong giam dan theo
thoi gian.
b. Phwong trinh dao déng co tit dan
Phuong trinh dao dong: x = Ag.e.cos(awt + ¢)
Trong d6: Ao, @, 5, @ 1a nhitng hang s6 phu thudc vao diéu kién ban dau.
Trong do: - Bién dd cua dao dong co tat dan: A, = Ag.e?
- Tan s goc cua dao dong co tat dan: o = (5-12)
,e V1A A L. aA r L. R
Véi B 1a h¢ so tat dan f= > (voir: he so can)
m
c. Tinh chit ciia dao déng co tit din
21 n ~ 2 A .X e ~ ~ A N
- T>To=— nén dao dong co tat dan dién bién cham hon dao dong riéng (dao dong
g
diéu hoa) ctuia cung mdgt hé vat.
- Bién d6 A; = Ag.e” khong phai 12 hang s6 ma giam nhanh theo thoi gian t theo quy
luat ham sb mii am.
"Giam luwong l6ga O cua mot dao dong co tat dan cé tri s6 bcing l6ga tw nhién cua ty
s6 gitta hai bién d6 dao dong ké tiép cach nhau mét chu ky T

A :In—Aoe_Bt =B.T

d=1In
At+T Aoe_B(t+T)

- biéu kién c6 dao dong tat dan: wy> f— r < 2
1.3. Dao dong co cuwdng birc va hién twgng cong huwdéng
a. Mo ta dao dong

Dao dong cua h¢ vat trong moi truong c6 thém tac dung cua luc cudng birc tuan hoan
goi la dao dong co cudng burc.

Feo = Fo.COSLX
Vi Fo 12 bién d6 va 214 tan sb goc cua luc cudng birc.
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b. Thiét lip phwong trinh dao dpng co cwong birc
Phuong trinh dao dong: X = Acos(£X + ¢)

Trong d6: A, ¢ phu thudc vao tan sd goc £2cia luc cudng buc.

A= it
m\/(ooé ~Q2) 4 4p7Q?
28.0
tgp=——t
g¢ oy —

c. Khdo sdt cdc tinh chit ciia dao dong cwing birc. Cong hwéng

. 2
- Chu ky bang chu ky cua luc cudng buc: 1 = r

- Bién d6 cua dao dong cudng birc phu thudc vao tan so6 goc €2 cua luc cudng birc.
- Hién tuong cong hudng co:

* Pinh nghia: 1a hién tugng bién d0 dao dong cudng buc dat gi tri cuc dai khi 2=
O =

Ta thay:

+ Néu B — 0 thi Qcn — mo VA Amax cang 10n.

+ Dic biét: Néu L=0thi 2~ an, khi 6 Anaxs€ co tri s6 cuc dai ung véi mot dinh rat
nhon cua duong cong huéng. Do do6 hién tuong nay goi la cong huéng nhon

1.4. Tong hop cac dao dong dicu hoa

a. Tong hop hai dao dpng diéu hoa cing phwong cing tin sé géc

Bién d¢ tong hop

A=A+ A1 2A A, cos(¢, —©,)

Pha ban dau
tang= A sing, +A,sing,
A, cosp, + A, cos,

b. Tong hop hai dao déng diéu hoa cé phwong vudéng géc va ciing tin sé goéc

Gia st mgt chat diém tham gia dong thoi hai dao dong di€u hoa x va y c6 phuong
vuong goc va co cung tan sO goc o, :

X =A, cos(o,t+¢,)
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y=A, cos(m,t+,)
Bién d6i toan hoc, ta tim dugc phuong trinh qui dao chuyén dong tong hop cua chat
di€ém c6 dang:

x>y Xy -
—F——-2.—.—=cos(p, — =3sIn — 5-
AT A A (¢, —9,) (¢, —9,) (

26)
2-SONG CO
2.1. S6ng co trong moi trweong dan hoi
a. Su tao thanh song co

Qud trinh lan truyén dao dong co trong mot méi truong dan hoi dwoe goi la séng dan
hoi hay song co.

b. Song ngang va song doc

- Séng ngang 1a song trong d6 cac phan tir méi truong dao dong theo phuong vudng
goc voi tia song.

- Song doc 14 song trong d6 cac phan tir moi trudng dao dong doc theo tia song.

Thuyc nghiém chimg t6, song ngang chi truyén duoc trong chét rin, con séng doc truyén
dugc ca trong chat ran, chat 1ong va chat khi.

c. Cdc ddc trung cua song co

- Vén téc séng v: 13 quing dudng ma song truyén di dugc trong mot méi trudng dan
hoi sau mot don vi thot gian.

- Chu ky T va tan sé f ctia sdng co co tri s6 dung bang chu ky va tan s6 dao dong cta
mot phan tir trong truong song.

- Budc song A : 1a quing duong ma song truyén di duoc sau mdi chu ky T.
= VT = % (5-26)
2.2. Phwong trinh song, ning lwgng séng

a. Phwong trinh song

Xét mot song phang truyén theo phuong Oy tring voi tia song. Gia sir dao dong ciia
phan tor nam tai diém O (goc toa do) c6 dang:

X, = Acosot
Xét mot phan tir tai diém M cach O mot doan OM = y trén phuong Oy.

Phuong trinh dao dong cua phan tir tai M ¢6 dang:
X = Acosw[ —Xj hay: x=Acos(ot— 27:%)
%
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b. Nang lwong song

Mat d6 ning luong trung binh cia séng bang:

- 1 2 A2
W, =—pn°A
0 2p
Véc to Umép — Poanhting:
P=w.v

Véc to ndy hudng theo chiéu ctia véc to van toc song V va o tri sb bang ning luong
song trung binh truyén qua mot don vi dién tich dat vuong géc voi phuong truyén song sau
mdi don vi thoi gian.

2.3. Song am

a. Khai niém

Song am dugc dinh nghia tong quat 13 nhitng séng doc trong méi trudng. Séng am co
thé truyén qua chat khi, chat 1ong hay chat ran.

b. Cac dai luwong ddac trung sinh ly cua dm

Do cao cua am:. Bo cao cua am phu thudc vao tan sb cua am.

Am sdc: Am sic ciia Am dic trung cho sic thai cia am, giup ta phan biét dugc giong
noi cila nguot nay voi nguoi khac, hay am phat ra tir nguon nay véi ngudn khac.

D6 to ciia am: Pé dic trung cho do manh cua Am ngudi ta dung hai dai lugng: Cuong
do am va muc cuong do am.

Cuodng d6 am | ¢o tri s6 bang toc do trung binh ma séng am truyén niang luong qua
mot don vi dién tich (mat d0 ndng thong trung binh cua am):

— 1
| =|P |== pva®* A?
Pl=37
Muc cuong do am L:
I
L =1OIog|— (dB)
0

Trong phuong trinh nay lo 13 cudng do méc tiéu chuan, duge chon 1a 1072 (W/m?), xap
xi ngudng nghe cuia nguoi tai 1000Hz.

2.4. Giao thoa sdng - song dirng
a. Giao thoa song

+ Dinh nghia: 14 hién tuong giao nhau cia hai hay nhiéu song két hop tai mot mién
nao d6 trong méi trudng dan hoi. . Khi d6 trong mién giao thoa s& xuat hién nhimg diém
dao dong manh nhat, goi 1a cac cuc dai giao thoa nim xen gitta nhimg diém dao dong yéu
nhit goi 13 cac cuc tiéu giao thoa.
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+ Piéu kién: Hai song két hop 1a hai song c6 cing tan sd va ¢ hiéu pha khong doi
theo thoi gian

Gia st c6 hai ngudn séng S; va S phat ra hai song ciing phuong, cing tan sd, c6 pha
ban dau bang khong cung truyén téi diém M cach S; va S, cac khoang ry va re.

Séngdo S;va'S, truyén ti M co dang: Sy r M

X, = A, cos(ot — 27:%)

r
S,

_ _onk
X, =A, cos(ot —2n }L) Hinh 5-1
Song tong hop tai M ciing cting phuong clng tan sd véi song tai ngudn va co dang:
X=X, +X, =Acos(ot+¢)

v6i A 1 bién do séng tong hop tai M:

A= A2 + A2 +2AA, cOS(0, —©,)

rz B r1

trong do: 0, — ¢, =21

- Vi tri diém bién d6 séng cuc dai: r, —r, =K\

Amax = Al + AZ
Y S 2 A
- Vi tri diém bién d¢ song cuc tieu: 1, —1, =(2k+1) >

Amin = ‘Al _AZ‘
b. Song dung
- Song ding 13 hién tuong giao thoa cua hai song phang c6 cung bién do va tan so,
truyén nguoc chiéu nhau theo cung mot phuong y.Két qua, ta s& quan sat thdy mot song
dirg 6n dinh gom céc nUt song va cac bung séng nam xen k&, cach déu nhau.
D - BAI TAP CHUONG 5
|. BAI TAP THi DU
Bai tip 1: Mot con lac 16 xo gdm mdt qua cau nho khoi luong 10g treo vao dau mot
10 X0 gan cd dinh vao mot gia dd. Con lac dao dong diéu hoa khong van téc ban dau voi
bién d6 50mm. Tai thoi diém ban dau qua cau di qua vi tri c6 1i do 25mm, theo chiéu am
clia truc toa do. Biét r@ing ¢t moi phut con l4c lai thue hién dugce 150 dao dong.
a. Viét phuong trinh dao dong, phuong trinh van tdc va gia tdc.
b. Tinh ning luong cia con lic.
c. Tinh tri s6 16n nhét cua luc kéo vé tac dung Ién qua nang va tri s6 16n nhat cua luc
dan hdi cua 10 xo.
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Huéng dan gidi:
Chon truc Ox theo phuong thang dimg, gbc O tai vi tri can bang, chiéu duong hudng
xudng dudi. Chon goc thoi gian Iuc qua cau bat dau dao dong.

a. Phuong trinh dao dong ctia qua cau c6 dang: X = Acos(w,t + @)

Theo d&, bién d6 dao dong la: A =50mm =5 cm

1
CoOS(p =— \
Tait=0thix=2,5cmva v<0,dodo M 2 :phabandﬁu:q):g
singp >0
At 60
Chuky daodong: T=—=—=0,4(s
y ong N " 150 (s)
A&, . 2t 2¢;
Suy ra tan s6 géc cua dao dong: 0)0:?:0—4=5n (rad/s)

Vay, phuong trinh dao dong ctia qua cau 1a: x =5cos(5nt + g) (cm)
Phuong trinh van téc: v =X’ = —Aa, sin(m,t + ¢) = —25rsin(5rt+ g) (cm/s)

Phuong trinh gia toc: a =V’ = —Awm; cos(w,t + ¢) = —125n° cos(5nt+ g) (cm/s?)

b. Hé s6 dan hoi ctia 16 xo 1a: k =ma? =0,01.(51) = 2,465 (N/m)

Nang luong cua con lic: W = % KA? = %.2, 465.(0,05)* =3.10°(J)

c. Biéu thirc cia lyc kéo vé: F=m.a=-m.o’x =—kx
Tri s0 16n nhat cia lyc kéo ve la: |F|  =K|x| =kA=2,465.0,05~0,123(N)
Biéu thtrc ctia Iyc dan hodi cia 10 xo 1a: Fa= - K(Al +X)
v6i Alla do gidn ban dau cua 1o xo. T vi tri cdn bang cua qua cau, ta c6: P —Fg,=0

~mg 0,01.9,8

suy ra: Al
k 2,465

~ 0,04 (m)

Vay, tri s6 cuc dai cua luc kéo vé tac dung 1én qua cau:
\Fdh \max =k(Al + \X\max) =k(Al+A) =2,465.(0,04 +0,05) ~ 0,22 (N)
Bai tap 2: M4t con lc don ¢6 d6 dai 1m dao dong tat dan. Ct sau moi phut, bién dg cua
n6 lai giam di mot nira. LAy gia tdc trong trudng g = 9,8m/s2. Hiy xac dinh:

a. Hé sb tat dan va giam luong loga cua dao dong tat dan.
b. S6 phan tram ning lugng dao dong bi giam sau mdi phut.
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Huéng dan gidi:
-f(t+At)
A+At _ A)e —pfAt_ =

.. _ g h
Ta co: A AT >
Hé sb tht dan:  p=1n2 @ —0,01155
Tan s goc riéng: @ = \/7 \/7 313(rad/s)
Chu ky dao dong: T= ~2(9)

Jat —/3 \/3,132—(11,55.10-3)2

Giam luong loga: &= 4T =11,55.10°.2=231.10"

Nang lugng dao dong ti I¢ v61 binh phuong bién do:

W, u _ Abe pleea) (efﬁm)z_efzﬁm
W, | Ae” ) -

t

S6 % ning lugng giam di sau thoi gian 1 phut:
n=1- M =g 2 280 _(y 75
\/\/t ]

Bai tip 3: Mot soi day budc vao mdt may rung tai A va vat qua mot gia d& B duogc
cing bang mot vat nang c6 khoi lugng m (Hinh 5-2). Khoang cach | giita A va B 1a 1,2m,
mat do dai cua day 1a 1,6g/m va tan s6 f cia may rung dugc gitr khong doi 1a 120Hz. Bién
d6 chuyén dong tai A 1a ¢ nho dé co thé coi diém d6 1a mot nat. Tai B cling 1a mot nat. Biét

/{ A 9 J4 A A 2. . /: 4 F .. \ ~ . A A
toc do v cua song trén day dugc cho bdi bi€u thic: v= ’— véi F 1a luc cang soi day, u la
Y7

mat d6 dai cua day. Hoi véi khoi luong m nao thi trén day c6 4 bung song?
Huréng dan gidi:
Piéu kién dé co s()ng dung trén sg1 day co

hai du c6 dinh 1a: I_kE_k—

m
voik=1,23.... va v—\/7 ,
Hinh 5-2

Viy, dé trén day c6 4 bung song, tng v6i k = 4 thi khéi luong cua day phai 1a:

AP fPu 4.(1,2)°(120)%(1,6.107°)

o= Fr - 0,846 (kg)
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CHUONG 6
NGUYEN LY THU NHAT NHIET PONG LUC HQC
A - MUC PiCH, YEU CAU

1. Ndm duoc ndi dung cta thuyét dong hoc phan tir va phuong trinh co ban cua
thuyét dong hoc phan tu.

2. Ndm duoc khai niém ndi ning cta khi 1y tuong va dinh luat phan bd déu ning
luong cho céc bac tu do

3. Hiéu duoc nguyén ly thr nhat nhiét dong luc hoc va nhitng hé qua cua no.
4. Van dung dugc nguyén 1y thir nhat dé khao sat cac qué trinh can bang.
B — CAU HOI ON TAP NQI DUNG TRONG TAM LY THUYET

1. Dinh nghia thong s6 trang thai; phuong trinh trang thai. Khai niém ap suat va nhiét

2. Thé ndo 14 khi 1y tuong. Phuong trinh trang thai ciia khi 1y tuong.

3. Noi dung co ban ctia thuyét dong hoc phan tir. Viét phuong trinh co ban cta thuyét
dong hoc phan tir va néu cac hé qua cua no.

4. Pinh nghia nd1 nang. Khai niém bac tu do. Pinh luat phan bd déu nang luong theo
bac ty do. Bi€u thirc ndi ndng cua khi ly tudng.

5. Trinh bay khai niém cong va nhi¢t cia hé nhi¢t dong. Phan biét chiung véi noi
nang cua hé.

6. Phat biéu nguyén ly thir nhat nhiét dong hoc. Néu cac hé qua va ¥ nghia cia
nguyén ly.
7. Thé nao 1a trang thai cAn bang va qua trinh can bang. Cho thi du.

8. Biéu thirc tinh cong va nhiét ma hé nhan duogc trong qua trinh can bang. Hiy biéu
dién cong trén d6 thi cho mét s6 qua trinh.

9. Khao sat cac qua trinh can bang cua khi 1y tudng: dang tich, dang ap, dang nhiét
va doan nhiét.

C - TOM TAT NOI DUNG

1- KHi LY TUONG

1.1. Nhitng dic trung co ban ciia khi ly twéng c6 dién
a. H¢ nhiét dong

Hé nhiét dong 1a mot hé vat 1y bao gdm mot s 10n cac hat - cac nguyén tir va cac
phan ttr. Cac hat nay ludn chuyén dong nhiét hdn loan va trao ddi nang luong cho nhau khi
tuong tac

b. Thong sé trang thdi va phwong trinh trang thdi
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Cac dai luong vat 1y dac trung cho cac tinh chét vat 1y cua h¢, qua d6 xac dinh dugc
trang thai cia hé goi la cac thong ) trang thai.

Phuong trinh biéu dién mdi lién hé giira cac thong sd trang thai véi nhau goi 1a
phuong trinh trang thai.

c. Ap suit

Dinh nghia: Ap suat 1a dai lugng vat 1y c6 gia tri bang d6 16n cta luc do cac phén tir
tac dung vudng goc lén mot don vi dién tich thanh binh.

o= B
S

F. 1a luc nén vuong gdc 1én di¢n tich S.
Don vi:  Trong hé SI: niuton/mét vudng (N/m?)

hay con goi la: Pascal (Pa)  (N/m? = Pa)
Ngoai ra con dung don vi:

- Atmétphe (at) lat=9,81.10*Pa

- Milimét thiy ngan (mmHg hay torr): 1at = 9,81.10*N/m? = 736mmHg
O diéu kién tiéu chuan: po = 1,033at = 760mmHg = 1,01.10° Pa
d. Nhiét do

TK=tC + 273,16

1.2. Phuong trinh trang thai caa khi ly twéong
Phwong trinh trang thdi khi ly twong (phwong trinh Clapeyron- Mendeleev)

oV =nRT ='RT

i
Trong hé don vi SI, don vi cta p l1a Pa (1Pa = 1N/m?), don vi cua V 1a m®. Khi d6
R=8314472
mol.K

Chu rang khi tinh toan trong hoa hoc, thé tich thuong dung don vi lit (1), ap suét
thuong dung don vi atmotphe (atm), khi d6 gi4 tri cua R 12: R = 0,08206 r:]slt”ll .

1.3. Thuyét dong hoc phan tir
a. Ngi dung ciia thuyét dpng hoc phén tiv vé chit khi
- Céc chét co cau tao gian doan gom mot so rat 16n phan ti.

- Cac phan tir chuyén dong hdn loan khong ngimg.
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- Kich thudc cua céc phan tir rat nho so véi khoang cach giira chiing. Trong nhiéu
trudng hop tinh toan, c6 coi mdi phan tir nhu mot chit diém.

- Cac phan tir khong tuong tac véi nhau, trir luc va cham. Su va cham gitra cac phan
tir vOi phan tir, gitra phan tir v6i thanh binh tuan theo nhitng quy lut va cham dan héi cta
co hoc Niuton.

b. Phwong trinh co bin ciia thuyét dong hoc phan tiv

2
p= 5 o Wy
—2 ,
bai lugng mvy =W, la dong nang tinh tién trung binh cua phan tir.

c. Mot vai hé qud
1. Béng ndng tinh tién trung binh ciia mét phan tir khi
— 3

W, = KT
2

Trong do6 : Ni =k =1,38.102J/K k dugc goi 1a hang sé Bonzoman.

A

2. Vin téc can qudn phwong

= 3KT 3RT
Vv, = AV = /— = f—
rms m ﬂ

3. Mdt do phan tu:

1.4. N¢i nang cua khi ly twéng

a. Dinh nghia ndi nang

Néi ndng ciia khi li twéng bang tong déng ndng ciia cdc phan tik.
b. Bic tir do va dinh ludt phan bo déu ning lwong

+ Khai niém bdc tw do

Pinh nghia: S6 bac tu do (i) cua phan tir 1a sb toa do doc 1ap can thiét dé xac dinh vi
tri ctia phan tu trong khong gian.

- V6i phén tir mot nguyén tir: s6 bac tu do ctia phan tir mot nguyén tir la: i= 3.

- V6i phan tir hai nguyén tir: s6 bac tu do cia phan tir hai nguyén tir 13: i = 5

- Vi phan tir ¢6 3 nguyén tir tré 1én s6 bac tw do i = 6.

Y nghia: Bac ty do dic trung cho muc do phuc tap ctia chuyén dong ctia cac phén ti.
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+ Dinh ludt phin bo déu ning lwong cho cdc bdc tw do

"Béng ndng trung binh ciia phdn tir dwoc phdn bé déu cho cdc bdc tw do ciia phdn tiv

Viy, néu phan tir c6 i bac tu do thi dong ning trung binh cta nd 1a % :

¢. Biéu thivc ndi nang ciia khi Iy twéng

- Biéu thtc ndi nang cua khéi khi Iy tuong c6 khéi luong m:

U= mﬂ
u 2
Vay, do bién thién noi nang:
AU=T R AT
u 2

3-NGUYEN LY THU NHAT NHIET PONG LUC HQC

3.1. Phat biéu nguyén 1y thir nhat nhiét dong lue hoc

Biéu thire: AU =A+Q

Néu qua trinh bién doi 1 vo ciing nho thi biéu thitc ciia nguyén Iy thir nhat c6 thé viét
thanh:

dU = A+ X

Phat biéu: “Dé bién thién néi ning ciia hé nhiét ddng trong qud trinh bién doi cé gid
tri bang tong cong A va nhiét lwong Q ma hé nhdn duwoc trong qua trinh do ™.

-Néu A >0; Q >0: Hé nhan cong, nhan nhiét, nén ndi nang cua hé tang: AU >0

-Néu A<0; Q<0: Hé sinh cong, téa nhiét, nén ndi ning ctia hé giam: AU <0

-Néu A=Q =0: Hé khong trao d6i cong va nhiét v6i bén ngoai thi: AU= 0,
U, = Uz: No6i nang hé duoc bao toan.

Chay: Co6 théky hiéu A’ vd Q' 1a cong va nhiét ma hé sinhra: A'=-A; Q' =-Q

3.2. Hé qua ciia nguyén 1y thir nhat nhiét dong lwe hoc

a. H¢ co lap

+ Noi nang cua mot hé co lap dwoc bao toan.

+ Trong mot hé co lap gém 2 vt trao doi nhiét thi nhiét luwong do vdt nay thu vao
bcing nhiét lwong do vdt kia toa ra.

b. Hé bién déi tudn hoan theo chu trinh (qud trinh kin):

+ COng ma hé sinh ra bang nhiét ma hé nhdn dwoc va nguoc lai.
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3.3. Y nghia ciia nguyén Iy thi nhat
- Nguyén 1y I 1a su tong quéat hoa dinh luat bao toan va chuyén héa nang luong.

- Nguyén Iy thtr nhat khang dinh: Hay n6i mét cach khac, nguyén 1y I khang dinh: "Khong

thé ché tao dugc dong co vinh ctru loai mdt". (Bong co vinh ctru loai mot 1a loai dong co sinh

cong méa khong can tiéu thu ning luong)

gach chéo, giéi han boi duong cong lién nét biéu dién qua trinh

can bang déng xudng truc OV. Cong niy c6 ddu duong néu qué

trinh tién hanh nguoc chiéu véi truc V (qué trinh nén khi) va co

ddu 4m néu qua trinh tién hanh ciing chiéu véi truc V (qué trinh o
dan khi).

4 - UNG DUNG NGUYEN LY THU NHAT NHIET PONG LUC HQC
4.1. Trang thai cAn bing va qua trinh cin bing:
a. Cong trong qud trinh cén bang:
Cong ma hé nhan dugc trong qua trinh bién ddi tir trang thai (1) sang trang thai (2)
@ v
A= jéA = j — pdv

® Vi

P,
- Biéu dién cong trén d6 thi OpV 1a dién tich cta hinh

c. Nhiét ma hé nhin dwoc trong qud trinh cin bing:

Biéu thirc: &Q = mc.dT vo1 ¢: nhiét dung riéng (J/Kg.K)

Hay:  &="cdT  véiC:nhiét dung phan tit ( J/mol.K)
Y7,

Chay:

- Trong qua trinh dang tich: 5Q, = %C\, dT
trong 46 Cy 1 nhiét dung phan tir dang tich.
-Trong qua trinh ding ap: 5Q, = %Cp.dT

trong @6 C, 1a nhiét dung phén tir dang ap.

4.2. Céac qua trinh cAn bing cia khi ly twéng

a. Qud trinh ding tich

- Dinh nghia: La qua trinh bién d6i trang thai trong d6 thé tich ctia hé khong thay

doi (V = const).
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- Phuong trinh: TB = const P,

2
- Do thi: Trén d6 thi OpV qua trinh dang tich duoc biéu 1
dién boi mot doan thang song song véi truc Op (Hinh 6-2) 3
- Céng ma hé nhdn dwoc trong qud trinh dang tich: o | R
Vi qua trinh dang tich ¢c6 V = const nén: v v
Hinh 6-2

\Z
A= —j PdV =0
Vi

- Do bién thién ndi nang:
AU=T R A
u 2
Trong do: AT =T, -T,
- Nhiét ma hé nhdn duoc trong qua trinh dcfng tich:
m : i
Q="Cc,AT wsic, =R
1) 2
b. Qud trinh ding dp
- Pinh nghia: La qua trinh bién doi trang thai trong d6 ap suat ctia hé 13 khong thay doi
(p = const).

- Phuong trinh cua qua trinh:.

Tt phuong trinh trang thai, cho p = const, ta suy ra: p
V. = const ple 17_._,2
- D6 thi: Trén d6 thi OpV qua trinh déng ap duoc biéudién o ’ N
1A % o N Vi V> V4
bdi mot doan thang song song véi truc Op (Hinh 6-3) Hinh 6-3

- Céng ma hé nhdn dwoc trong qud trinh dang dp:

Vs

v,
A= j— p.dv =—pjdv =—p(v, -V,)
Vi

Vi
- B¢ bién thién ndi nang trong qud trinh dang dp:
AU="" R\
u 2

- Nhiét ma hé nhdn dwoctrong qua trinh dcfng ap:

Q="c, AT véi ¢, ="*2g
U 2
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Ty s6

Cp, _ i+2

7/=a :

¢. Qud trinh ding nhigt:

- Dinh nghia: La qua trinh bién d6i trang thai ma nhi¢t d6 ciahé p,

khong thay d6i

- Phuong trinh:
- D6 thi: Trén @6 thi OpV qua trinh dang nhiét dugc biéu dién

(T = const).

pV =const

bdi mot doan hypecbol (hinh 6-4)

- Cong ma hé nhan duoc:

= MpT Y2
H Vi

- D¢ bién thién ngi nang:

AU ="¢ AT =0
7

- Nhiét ma hé nhan dwoc:.

Q=""RT.In Y2
Y7, V

1

d. Qua trinh doan nhiét:

goi 1a h¢ s6 Poisson .

(3)

N0 @
o \}3 V1 Vs

Hinh 6-4

- Dinh nghia: La qua trinh bién ddi trang thai ma hé khong trao dbi nhiét voi bén

ngoai (Q = 0).

- Phuong trinh cua qua trinh:

- D6 thi:

\ 2 T2>T1

Déng nhiét
Poan nhiét

~ -

Py
T.V7”" = const
]'_J
T. p” =const
p.V’” =const
O

- D$ bién thién néi nang trong qud trinh doan nhiét:

AU R T
u 2

- Cong ma hé nhdn dwoc trong qua trinh doan nhiét:

A=AU =— — AT

m iR = PV, -pV,

u 2 y—1

D - BAI TAP CHUONG 6
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I. BAI TAP MAU

Bai tip 1: C6 10 g khi 6 xy & &p suat 3 at va nhiét d6 10°C. Ho ndng dang ap khoi
khi toi thé tich 101.Tim

a. Thé tich khéi khi truéc khi ho néng.

b. Nhiét d6 khdi khi sau khi ho néng.

Hudng dan gidi:

mRT,
pu

Tu phuong trinh trang thai: pV, = m RT, ratra: v, =
u

0,01.8,31.283

= o -0,00249m° = 2,49
3.9,81.10%.32.10

Thay s6 duoc:

Vi qua trinh 13 ddng ap, nén \\j_ =1

Tir do: T, =Yer = 10 531136k
v, ' 249

Bai tap 2: C6 mot luwong khi chira trong mot binh kin & nhiét @6 27°C. Tim ap suét
ctia khéi khi néu c6 mot nira lugng khi bi thoat ra khéi binh va nhiét d6 cua binh ha xudng
12°C. Cho biét ap suat ban dau ciia khoi khi 1a 40 at.

Hudng dan gidi:
Goi p,V,,T, 1a céc thong sO trang thai cta khéi 1hi ¢ trang thai ban dau. Ta cé:

m
P, 1:_RT1
7,

Vi binh kin va coi nhu khong dan né khi nhiét d§ khoi khi gidm khi lugng khi chi
con mot nira, nén ta cd ¢ trang thai sau:

m

PV, = 2 RT, (trong d6 V, =V, =V)
Tir hai biéu thirc trén ta co: p, = P.T, 40285 19 at
2T,  2.300

Bai tap 3: Mot khdi khi ¢6 s6 bac tu do i= 5 chua trong mot binh co thé tich 101,
ap suat ctia khoi khi trong binh 1a 10 **mmHg . Nhiét d6 khdi khi 1a 10°C.

a. Tinh dong nang trung binh va mat d6 cac phan tur khi trong binh.

b. Néu mat do phan tir khi trong binh ting gap doi, nhung ap suat van giir nhu cil,
thi nhiét 6 trong binh bang bao nhiéu? Thé tich khdi khi khi d6 bang bao nhiéu?

c. Tinh noi ning ciia khoi khi trong binh trong hai truong hop trén.
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Hudng dan gidi:
a. Dong nang tinh tién trung binh ctia mdi phan tir khi trong binh bang;

W = g KT = g .1,38.10%2.283=9,76.10% J

Mat d6 phan tir khi bang:

-11 4
p 107 98I 540104 phan im?

N, = = : 3
kT 736 1,38.10-.283

Y hai cd ¢ Y > r__P nn T’ 1
b. Ttr hai cong thirc: n, =— va n=—: Tasuy ra: L=
KT KT nn T 2
Vay: KL 28 =1415K
2 2
s L1y A% A . vi T/
Vi qua trinh 1a dang ap, nén ta co: voT
Tasuy ra v/ =%=%=5I =0,005m°

¢. Noi ndng ctia khdi khi trong truong hop thtt nhét: U = n."%

Trong do: n=n,V =341.10".0,01 = 3,41.10° phan tir

. 9 -23
Noi ndng U bang: U = 3,41.10 '5'1’238'10 283 _ 33,3.10 ™)
ne o , L1 1r \ fy ;. ikT!
NO1 nang cua khoi khi trong truong hop thir hai: U'=n'. 5
r / / / V \ ‘A A / T
Trong do: n"=n,V =2n0.5=n , connhiétdo: T =5
J / U -12
Do do: u'= > =16,7.107J

Bai tap 4: M6t binh chtra 14g khi nito ¢ ap suét lat va nhiét do 27°C. Sau khi ho
nong, ap sudt trong binh ting dén Sat. Tim:

a. Nhiét do khéi khi trong binh sau khi ho nong
b. Thé tich ciia binh.

c. B¢ tang ndi nang cua khi trong binh.

Hudng dan gidi:
a. Khi dung trong binh kin nén qua trinh 1a dang tich.
Ta c6: LW
P, T
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Suyra: T, =T1&=3oo%=1500|<

Py
b. Taco: p, 1=m RT,
u

_ mRT, 14.8,31.300

Ratra:  v=V, = .
wp, 2898110

=12,71.10° m?

c. B¢ tang ndi nang cua khi trong binh:

AaU=" IR AT MR T
po2 n 2
14. 5

=——-.8,31.(1500—-300) =12465J =12,465kJ

28 2

Bai tip 5: Co6 10gam khi 0xi & 4p suat 3at va nhiét do 10°C. Nguoi ta dot nong
dang ap va cho dan n¢ dén the tich 10 lit. Tinh:

a. Nhiét luong cung cap cho khoi khi

b. P bién thién ndi nang ciia khi

c. Cong ctia khoi khi sinh ra khi dan né.
Huéng dan gidi:
a. Ap dung cong thiric pV, = % RT, rutra:

T pV,u :3.9,81.104.10.10’3.32

, =1133K
mR 10.8,31

Nhiét lugng cung cap cho khéi khi 1a:

Q:m(ﬁ] RAT =10 5%2 5 31 (1133—283) = 77261
ul 2 2 2

b. P bién thién ndi nang:

AU=TIR AT =;—g.g.8,31.(1133— 283) = 5518 ]

n 2
c. Ap dung nguyén 1y 1: AU = A+Q
Rt ra: A=AU-Q
Cong ma khéi khi sinh ra:

A =-A=Q-AU = 7726 —5518 = 2208 J

Bai tAp 6: Nén 10 gam khi 6xi tir diéu kién tiéu chuan dén thé tich 1,4 lit. Hoi:

a. Ap suat va nhi¢t dg cua khoi khi sau moi qué trinh nén dang nhi¢t va doan nhiét.

b. Tinh cong ma hé nhan trong hai qua trinh trén. Qua trinh nao lgi hon.
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Huéng dan gidi:
Diéu kién tiéu chudn 1a: T;=273°K; p;=1,013.10° Pa.

_m RT, _10. 8,31.273
uop 321,013.10°

Ta co: V, ~7.10°m*=7 lit.

a. Trong qua trinh dang nhiét:
T, =T, =273°K
-— Vl —_ 5 7 5
P2 =P o = 1,013.10°. — =~5.10° Pa

2 d

i+2_5+2 _

Trong qua trinh doan nhiét, ta co: y= c 14
[
Ap dung:  Ti.Vort =TVt
v, )"
Rt ra; T,=T (—lJ ~520K
2

Talaico: p1.Vi' = paVy!

V Y 7 1,4
R ra: p,=p,|-+| =1,013.10° (—j =9,64.10°Pa

v, 14

b. Coéng nén khi trong qua trinh dang nhiét:

A="RT InP2~1132)
= P,

Cong nén khi trong qua trinh doan nhiét:

A=PY2 =PV g5
y-1

Vay khi nén d'fmg nhiét, h¢ nhan mdt cong nhoé hon so véi khi nén doan nhiét. Do
d6 nén dang nhiét thuan loi hon.

CHUONG 7
NGUYEN LY THU HAI CUA NHIET PONG LUC HQC
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A- MUC PiCH, YEU CAU
1. Hiéu duoc ndi dung va y nghia ctia nguyén 1y thtr hai nhiét dong luc hoc.

2. Van dung duogc ndi dung cia nguyén 1y hai nhiét dong luc hoc dé nghién ctru dong
co nhiét. Ndm duge dinh Iy Carnot vé hiéu suit cta dong co nhiét.

3. Hiéu dugc y nghia ctia ham entrdpi S va nguyén 1y ting entrdpi S.

4. Van dyng duoc biéu thirc ham entropi dé tinh do bién thién entrdpi trong mot sb
qué trinh nhiét dong.

B — CAU HOI ON TAP NQI DUNG TRONG TAM LY THUYET
1. Néu cac han ché cua nguyén 1y thir nhat nhiét dong hoc.

2. Thé ndo 1a qua trinh thuan nghich va qu4 trinh khong thuan nghich. Cho mot vai
vi du. Néu tinh chét ctia qua trinh thuan nghich.

3. Pinh nghia dong co nhiét va hi¢u suét cua dong co nhiét.

4. Néu cac cach phat biéu cta nguyén 1y thir hai nhiét dong luc hoc (theo Clausius
va theo Thompson). Phan tich su tuong duong cia hai cach phat biéu trén.

5. Dinh nghia chu trinh Carnot. Tinh hiéu suét cia dong co chay theo chu trinh Carnot
thuan nghich véi tac nhan 1a khi Iy tuong. Nhan xét két qua.

6. Phat biéu dinh 1y Carnot. Néu hiéu suat cuc dai ciia dong co nhiét.

7. Thiét 1ap bat dang thuc Clausius. Viét hé thic dinh lugng cia nguyén 1y tha hai
nhiét dong luc hoc.

8. Thiét 1ap biéu thirc ham entrdpi. Ching t6 ham S 1a mot ham trang thai. Néu cac
tinh chat cta entropi S.

9. Phat biéu nguyén 1y ting entropi. Néu y nghia cia entropi va nguyén 1y thir hai
nhiét dong luc hoc.

10. Tinh d6 bién thién entropi cua khi Iy tudng.
C - TOM TAT NOI DUNG

1- NHUNG HAN CHE CUA NGUYEN LY THU NHAT NHIET PONG LUC
HOQC

Nguyén 1y thir nhat nhiét dong luc hoc chua chi & chiéu hudéng dién bién cua mot
qué trinh ty nhién.

Theo nguyén li | nhiét c6 thé chuyén hoan toan thanh cong nhung thuc té thi khdng.

2- NGUYEN LY THU HAI NHIET PONG LUC HQC
2.1. Dong co nhiét
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a. Dinh nghia: Dong co nhiét 1a mot may bién nhiét thanh cong.
b. Higu sudt ciia dong co nhigt T1

Biéu thtc: 1 A1l

Q1
. s
Qzl

Trong d6: + A cbng tac nhan sinh ra

+ Q1 nhiét lugng tdc nhan nhan cua nguén nong |

_— , . . T2 |
+ Q,nhiét lugng tac nhan nha cho nguon lanh

L Hinh 7-1
2.2 Nguyén ly thwr hai nhi¢t dong hoc:

Phat biéu cta Clausius : "Nhiét khong thé tu dong truyén trr vat lanh sang vat nong

hon ",
Phat biéu ctia Thompson: "Mt dong co khéng thé sinh cong néu né chi trao déi
nhiét voi mot nguon nhiét duy nhat".
Hodc: "Khong thé ché tao duoc dong co vinh cuu logi 2".
Pdng co vinh ctru loai 2 1a loai dong co chi hoat dong véi mot nguén nhiét.
3- CHU TRINH CARNOT VA PINH LY CARNOT
3.1. Chu trinh Carnot thuin nghich

Chu trinh Carnot bao gdm hai qua trinh dang nhiét thuan
nghich va hai qua trinh doan nhiét thuan nghich. Hinh 7-2 cho
thdy mot chu trinh Carnot str dung chét cong tac 1a chét khi 1y
tudng trong mot xylanh v6i mot pittong. N6 bao gdbm cac budc p:
Sau:

by
p1

p4
- Qua trinh 1-2: dan ddng nhiét tai nhiét do T, ps

- Qua trinh 2-3: dan doan nhiét.
- Qua trinh 3-4: Nén dang nhiét tai nhiét do T,
- Qué trinh 4-1: Nén doan nhiét

3.2. Hiéu suit ciia chu trinh Carnot:

.2 , T
Biéu thuec: n=1--%
Tl

Vay: Hiéu sudt ciia chu trinh Carnot thudn nghich véi tac nhédn la khi Iy twong chi
phu thuoc vao nhiét do nguon nong va nguon lanh.

3.3. Pinh Iy Carnot, hiéu suit cuc dai ciia ddng co nhiét

a. Dinh ly Carnot
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Phat biéu: Hiéu sudt ciia moi dong co nhiét chay theo chu trinh Carnot voi cung ngudn
nong va nguon lgnh déu bang nhau va khong phu thudc vao tac nhan ciing nhw cach ché tao
may.

Hiéu suat n cia moi dong co nhiét déu théa man bat dang thuec :

:i/ = 1_Q_£ < 1_T_2

Q Q T
Dau = (g v6i chu trinh Carnot thuin nghich.
Dau < (g v6i chu trinh Carnot khong thuén nghich.
b. Higu sudt cwe dai ciia dpng co nhiét
Hiéu suit cia dong co chay theo chu trinh Carnot thuan nghich Ia hi¢u suét cuc dai.
c. Két lugn:
T2

- Hiéu suat cwe dai luén luén nhé hon 1. Mo =1—_|_—
1

- Nhiét khéng thé hoan toan bién thanh cong.

- Phwong hwéng ndng cao hiéu sudt cia dong co nhiét:
+ Ha nhiét d6 nguon lanh T, (dung quat gi6, nudc...).
+ Nang cao nhiét d6 ngudn néong T

+ Ché tao dong co cang gan thuan nghich cang t6t, nham han ché toi muc toi da sy
mat mat nang lugng do ma sat va do truyén nhiét ra xung quanh.

4- BIEU THU'C PINH LUQNG CUA NGUYEN LY THU HAI NHIET PONG
LUC HQC

4.1. P6i v6i chu trinh Carnot

&+&s 0
Tl T2

Déu = tng v6i chu trinh Carnot thuén nghich.
Déu < g chu trinh Carnot khong thuan nghich.
4.2. Poi v6i chu trinh nhiéu nguén

Néu trong chu trinh, nhi¢t d§ cua hé bién thién lién tuc, ta co thé coi hé tiép xuc voi
vo 8 nguén nhiét c6 nhi¢t @6 T v6 cung gén nhau. Mdi 1an tiép xuc, hé nhan duoc mot nhiét
lwong &Q thi 1a hé thuc dinh lwong téng quat cia nguyén 1y thi hai nhiét dong luc hoc

§§s 0

Dau = tng v&i chu trinh thuan nghich

Dau < tng véi chu trinh khong thuan nghich.
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Tich phan if ? duogc goi la tich phan Clausius , hay con goi la nhiét thu gon cua chu
trinh.
5- HAM ENTROPI VA NGUYEN LY TANG ENTROPI

5.1. Tinh chit ciia tich phan Clausius theo qua trinh thuin nghich. Him entropi

a. Tinh chit ciia tich phan Clausius theo qua trinh thudn nghich

Tich phan Clausius Ii—Q theo cac qué trinh thuan nghich tir trang thai (1) d&én trang
thai (2) khong phu thudc vao qué trinh dién bién ma chi phu thudc vao trang thai dau va
trang thai cudi ctia qua trinh”.

b. Ham entropi

Dinh nghia: “Hiéu entrdpi giita hai trang thdi vi mé c6 gid tri bang tich phan Clausius
tw trang thai ddau den trang thdi cuoi cia mot qua trinh thugn nghich giita hai trang thai do

29

Biéu thic: AS=8,-S = I (ST—Q

la2
Tinh chat:
+ Gia tr1 Entropi cia mot trang thai phu thudc vao viéc chon mbc tinh Entropi.

+ Entropi ctia h¢ & mot trang thai 1a hoan toan xac dinh, khong phu thudc quaé trinh
dua hé vé trang thai do.

+ Entropi 1a dai luong c6 tinh chat cong duoc
Pon vi: J/K

Y nghia: Theo quan diém nhiét dong luc hoc, thi entropi dic trung cho mirc d6 hdn
loan cua cac phan tir trong he.

5.2. Tinh chit cia tich phan Clausius theo quéa trinh khong thuin nghich.
Nguyén ly tang Entropi

a. Tinh chit ciia tich phin Clausius theo qud trinh khong thudn nghich

Tich phan Clausius theo mot qua trinh khong thuan nghich tir trang thai (1) dén trang
thai (2) thi nho hon d6 bién thién entropi cta hé trong qué trinh d6 ”

b. Nguyén ly tang entropi
AS=S,-S,>0
phat biéu nguyén 1y tang entropi nhu sau:

“ Trong mot hé co ldp, cac qua trinh nhiét dong thuc luon luon xay ra theo chiéu tang
cua entropi”
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D - BAI TAP CHUONG 7
l. BAI TAP MAU

Bai tap 1: M6t dong co xang trong mdt xe tai 1on nhan 10000 J nhi¢t va thuc hién
2000J cong co hoc trong mot chu trinh. Nhiét thu dugc tir viéc dot chdy mot gam xang
(ndng suat toa nhiét) 1a L = 5.10%J/g.

a. Hiéu suét nhiét cua dong co 1a bao nhiéu?
b. C6 bao nhiéu nhiét thai ra trong mdi chu trinh?
c. Lugng xdng duoc d6t chay trong mdi chu trinh 1 bao nhiéu?

d. Néu dong co thuc hién 25 chu trinh trong mot gidy, cong suét ctia nd 1a bao nhiéu
oat?

e. Tinh luong xing duoc dbt trong mot gidy? trong mot gio?
Hurdng dan gidi:
a. ap dung cong thirc tinh hiéu suét ctia dong co nhiét:

p=2 =200 45 20%
Q, 10000

Két qua nay 1a pho bién cho cac loai xe 6t6 va xe tai néu A’ chi 1a cong dé lam quay
cac banh xe.
b. Tir biéu thirx A’ =Q,—Q. suy ra nhiét lugng ma dong co thai ra trong mot chu
trinh la:
Q) =Q, — A’ =10000- 2000 = 8000J

c. Goi m 1a khéi luong xang bi ddt trong mdi chu trinh. Ta c6:

~Q 10000
L 5.10°J/g

Q=mL nén:

d. Cong suat P (téc d6 thuc hién cong) 1a cong thuc hién trong mdt chu trinh nhan
v6i sb chu trinh trong mét gidy:

P = A/, N = (2000 J/chu trinh).(25 chu trinh) = 50000 W = 50 kW = 67 hp
e. Khéi luong xing bi dt chay trong mot gidy la:
m, =m . N = (0,2 g/chu trinh). (25 chu trinh /s) = 5g/s
Khéi luong xang bi dbt trong mot gio 1a:
m, =m,.t=(59/s).(3600s/ h) =18000g / h=18kg / h

Nhu vay, ban co thé tinh duoc c6 bao nhiéu nhiét dugce thai vao mai trudong trong
thoi gian 24 h bai 1000 chiée xe tai gibng nhu nhitng chiéc xe trong vi du trén chay trong
thanh phé ?
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Bai tap 2: Tinh do bién thién entropi AS khi bién d6i 10 g nudc da & -20°C thanh hoi
nudc & 100°C. Cho biét nhiét dung riéng cua nude da 1a ¢, = 0,5 keal/kg.K , nhiét hoa hoi

cua
nude da ¢ 100°C la L =539 kcal/kg , nhiét dung riéng cta nude 1a ¢, = 1 kcal/kg.K , nhiét
nong chdy cua nudc da & 0°C la 1= 80 kcal/kg.
Huréng dan gidi:

oQ

2
Do bién thién entropi AS dugc xac dinh bang cong thirc: AS = IT
1

Trong bai toan ndy: trang thai 1 ing voi nude da & -20°C , trang thai 2 ung véi hoi nude &
100°C . Sy chuyén hoa ctia nudc d4 thanh hoi nudc xay ra theo 4 qua trinh sau:

1. P4 tir -20°C (T1=253K) chuyén thanh da ¢ 0°C (T¢=273K)
2. Pa ¢ Te=273K chuyén thanh nudc da ¢ cung nhiét do To
3. Nudc da nhiét do To chuyén thanh nude & 100°C.
4. Nuéde 6 100°C (T,= 373K) chuyén thanh hoi nudc & 100°C ( T, = 373K)
Do bién thién entropi AS, trong qué trinh 1 1a:
Ty

TO
A\Q;lz‘[@:jmcld—-r:m.cl.lnE
T 0T T,

Do bién thién entropi AS, trong qua trinh 2 ( nhiét d6 To khdng doi ) la:

TO
ASZ:J.&:EJ.EQZ:%:M
T T To T T

Do bién thién entropi AS, trong qua trinh 3 1a:

T2 TZ
AS, :J&:jmczd—T:m.CZ.InT—2
To Ty T TO

Do bién thién entropi AS, trong qua trinh 4 ( nhiét 46 T, khong doi ) 1a:

T,

o 1 mL
AS, :I&:_JgQA _Q _mb
T, L T T, T
Do bién thién entropi AS cta nudc da trong 4 qué trinh trén bang:
AS = AS1+ ASy+ AS3+ AS4 = m(cl.lnT—O+i+c2 |nT—2+£j
Tl TO 0 T2

Thay sb ta duoc:

s =102 [0,51n 2731 89 41 1n 373, 539 peaik
253 273 273 373
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Vay: AS =102 2,088 kcal/K = 20,88 cal/K
Chly: - Khi thay s ta can cha ¥ don vi cta céc dai lugng.

- Sy bién thién cta entropi 1a duong, nhu n6 phai thoa man trong truong hop hé
nhan nhiét. Trong tinh todn nay ching ta gia st nhi¢t dung riéng C; cua nudc khong phu
thudc vao nhiét do. Thuc té nhiét dung riéng cia nudc cd thay doi nhung chi khoang 1%
trong khoang nhiét d6 tir 0°C dén 100°C.

Bai tip 3: Mot dong co Carnot 1y tudong nhan 20007 nhiét tir ngudn tai nhiét do

500K, thuc hién cong A’ va nha mot nhiét lugng nao d6 tai nhiét do 350K. Tinh cong ma
dong co thuc hién va tong do bién thién entrdpi cua dong co cho mdt chu trinh.

Hudng dan gidi:
Q,

Ta da biét véi mot dong co Carnot thi =% = —TI_—Z
1 1

Nhu vay, nhiét lugng ma dong co thai ra la:

T, 350
— Q12 = 2000.2%0 _ _1400;
Q="Q7 500

Tu nguyén 1y tha nhét ctia nhiét dong luc hoc, cong ma dong co thuc hi¢n la:
A’ =Q, +Q, = 20001400 = 600J

Mot chu trinh Carnot dugc tao ra tir 4 qua trinh thuan nghich. Tuy nhién, hai qua
trinh dan doan nhiét va nén doan nhi¢t khong c6 su bién thién entropi. Vay, khi dan dang
nhiét & nhiét o T; = 500K , hé nhan nhiét luong 2000J, dJ bién thién entrdpi trong qua
trinh nay la:

T

Aslzjﬂzgzmzq\]“()
T T, 500

!

Trong qua trinh nén déng nhiét ¢ nhiét do T, = 350K, dong co thai nhiét lugng
1400J , entropi cuia nod bién thién mot luong la:

T,

88, = [0 -2 045k
T T, 350

T
Su bién thién tong cong cua entrdpi trong mot chu trinh 1
AS =AS, +AS, =4+(-4)=0

Nhan xét: Két qua khi dong co thyc hién mdt chu trinh, n6 c6 entropi giéng nhu
lac bit dau chu trinh. Vay sy bién thién tong cong clia mdi trudng xung quanh dong co
trong qua trinh nay 1 nhu thé nao? Tir két qua trén rat ra: Nguon néng truyén nhiét lugng
2000J trong su dan déng nhié¢t thuan nghich vi vay entropi cua no bién thién 1a: (-2000J)
/ (500K) = -4 J/K; ngudn lanh nhan nghiét lugng 1400J trong sy nén dang nhiét thuan
nghich nén entrdpi ctia nd bién thién 1a (1400J) / (350K) = 4 J/K. Nhu vay, entropi cta
mdi ngudn riéng ré déu thay doi, tuy nhién tong su thay ddi cua hai ngudn tirc 1a tong su
thay d6i entropi ctia moi truong xung quanh hé 13 bang khong.
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Chu ¥: Két qua nay ap dung trong truong hop dic biét ciia chu trinh Carnot ma tat
ca cac qua trinh déu 1a thuan nghich. Trong trudng hop nay ta thay rang tong su bién
thién entropi ctia hé va méi trudng xung quanh bang khong. Néu chu trinh bao gdm cac
qua trinh khéng thuan nghich (nhu cta dong co xing va dong co Diesel )thi tong su bién
thién entropi cua hé va méi trudong 1a khac khong.
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