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CONG THUC TOAN

Vat Iy hoc thuong duogc trinh bay thdng qua cong toéan fyc. Plan  nay néu
nhitng céng tlrc toan lvc co ban thuong gap, nlam tao thuan lgi cho sinh vién khi
hoc Vat ly.

I/ Hinh hoc
1/. Pwong tron ban kinh r
e Chuvi:s=2arr (T.1-1)
« Diéntich: S =mtr? (T.1-2)
2/. Hinh cau ban kinh r
« Diéntich: S = 4r? (T.1-3)
. Thétich: V :gnr3 (T.I-4)

[I.Nghi ém cia phwong trinh bac hai
Phrong trinh ic hai: ax + bx +¢c = 0

C6 nghém: x= ~bt Zbaz —dac (T.1I-1)
[ll. Ham | wong giac goéd
c sind = % (T.1I-1) tgo = % (T.1.3)
° e com=" (T2 cotgh =2 (T.IIl-4)
N ,b
V. Pong nhat thvrc lwong giac
1/ Neu 6+ a = 90 thi:
si®@= comt va coB = sim (T.IV-1)
2/ ::)”‘Z =tgd va % = cotgd (T.IV-2)
3/ sif@+cogo=1 (T.IV-3)
4/ sinB = 2 sifbcod (T.IV-4)
5/ cosB = cog6 - sirf6 = 2cos6 - 1 = 1 — 2sifp (T.IV-5)
V. Biéu thirc gan ddng
Neue<<1l thi (Ze)'=(1l%ne) (T.V-1)
VI. Pao ham va Vi phan
VI.1 bao ham

Sauiay cac cit y, u va v 1a cac hambsua x, va C, a va m la cadrg <.
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3/
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5/

6/
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8/
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12/

13/

14/

15/

16/

17/

18/

Ki hiu: WMoy va ﬂ/:v
dx dx
y=uxv L
dx
dy ;
=au — — = au
y dx
y=uv ) Y
dx
y=Y dy _ uv-uv
v dx v?
dy
=C R -2 =0
y dx
dy
=X = -2 =1
y dx
y=x o Yoy
dx
dy
=& L, H_og
y dx
y=¢€" I Y-
dx
dy 1
=Inx - —= ==
y dx X
y = sinx - %’ = COSX
X
y = sinax - dy_ acosax
dx
y = COSX - dy . sinx
dx
y =cosax - dy _. a sinax
dx
dy 1
= tgx — — =
y=4 dx  cos® x
dy 1
= cotgx - —_— =-
y g dx sin® x
dy du
= él - — = u_--
y dx dx
y = sinu - ﬂ':coszu%
dx dx

voivzO0
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(T.VI-17)

(T.VI-18)



19/ y=cosu - %’ = —sinu% (T.VI-19)

VI.2 Vi phan

20/Ta cbdao ham% = f(x) - Viphan gay: dy = f(x).dx
Pé tinh y ir vi phan dy ta lam toan tich phan:
y= [dy=[ f(xdx

VII. Tich phan

Sautay cac chr u va v 1a cac hambscua x, va m, k, a, b 1a cadihg 9.
Vi mdi tich phan khéng xadinh cin cdng thém mit hing $ bat ki C.

b a
1/ Judx=~[udx (T.VII-1)
a b
2/ [audx=afudx (T.VII-2)
3/ J'(uiv)dx=judxt jvdx (T.VII-3)
2/ [dx=x (T.VII-4)
m+1
3 [xmdx=- wimz-1 (T.VII-5)
m+1
4 [ =y (T.VII-6)
X
6/ [e'dx=¢e (T.VII-7)
1
7/ dx = = e T.VII-8
je X ” e ( )
8/ [sinxdx=- cosx (T.VII-9)
9/ jsinkxdx: —%coskx (T.VII-10)
11/ jcosxdx= sinx (T.VII-11)
12/ jcoskxdx=% sinkx (T.VII-12)

VIIl. Pai lwgng vécr

Dai luong véct dugc biéu dién bang nmbt doan thing c6 niii tén (— ). Chiu
dai aia vect dac trung chod¢ I6n cia véct hay con gi la maiun aia vect. Miii tén
dac trung cho plrong chéu cia véct.



1/. Cong vécr

Téng hai véat a va b 1a mpt vécb ¢
c=a+b
Vécb tong c co d6 16n hay m@un cdugc xacdinh theod6 I6n hay m@un a da
véch a, do 1on hay m@un b @ia vécty bva goca hop boi hai vécty avab.
t=d&+ b +2abcos (T.VIII-1)

Nguoc lai néu cho taéc mot véch ¢ thi ta ding co tié phan tich véet ¢
thanh hai véet a va b naodd, wi: ¢ = a + b. Khi dé hai véas a va b duoc goi
14 hai thanh pin cia véct c.

Trong \at Iy trong tinh todn ngpi ta hay phan tich &1 véco a naodo thanh
hai véct thanh phn a,va a, vudng géc nhau: a = a, + a,

2/. Hiéu hai vécir a va b

o
!

Héu hai véat a va b 1a mot véct d

O !

d=a-

O

Hay: a=d+



Véct hieu d c6dd 16n dduoc xacdinh theodo 16n a @ia véch a, do 16n b aia
véch bva goca hop bsi hai véct a vab.
T=d+ b -2abcos (T.VIII-2)
3/. Tich vd hréng aia hai véct — tich chim (.)

Tich vo xéng a1a hai véat a va b 1a mot dai lvong vo hréng A.

A=a.b
A = a.b.cas (T.VIII-3)
- a=(a,b)
 avablalo Ion aia hai véak a vab
« Acotht am, drong hay ting 0 tly theo gia trcaa goca
« Tich vé heéng aia hai véat c6 tinh giao hoana. b = b . a
4/. Nhan véct voi dai lwong vo heéng k

Nhan véet a véi mot dai lwong vé hréng k la ndt véc b.

b=ka
Véct b:
« Cb6ddlén: b=ka (T.VIII-4)

« Culing plrong chéu v6i a néu k > 0, ngoc chidu véi a néu k < 0.

« Néu k ladai luong vat Iy thi a va b khac tinh cht. Vi du: F =ma
5/. Chia véctr voi dai lwong vo hwong k

Chia véet a voi mot dai lvong vé hréng k la ndt vécr b.

b=1a
k
Véch b
e COdolén: b :%.a (T.VII-5)

« Culing plrong chéu v6i a néu k > 0, ngroc chidu v6i a néu k < 0.
. Néu K ladai lugng VAt I thi a va b khac tinh cht. Vi du: a=—LF
m
6/. Tich c6 hréng hai vécw ( tich véco)- tich chéo ).

Tich hai véeot a va b 1a mot véct d .



d=axb
Véct d:

e COdolon: d= a.b.sim (T.VIII-6)
Wi o = (a,b) la goc nid hop bsi (ava b), o < 18F

e CO phrong: d0avadOb

« Co6 chiu xacdinh theo quidc ban tay phi: dit ban tay phi theo véon thi
nhit a, 1ong ban tay nhindwvéct thir hai btheo géon < 186 chidu ngén
cai dang ra 1a cBu cia d

« Tich hai véat khdng c6 tinh giao hoax b =-bx a

Bon hinh \& sau nit phang to boi hai véct a va b vudng goc ¥ mat phing
hinh \& (mat phang © giay).

Cha y: Khi trinh bay sinh vién thong hay &in 16n gitta hai ky héu tich chm (\) va
tich chéq(x).

7/. Cong thirc tich hop

axbxc=b.(a.c)-c.(a.b) (T.VINI-7)
8/. ada=ada
Chwng minh:

DPdi véi mot véct a batki. Taco:a.a = &



LAy vi phan hai ¢: da.a + a.da = 2ada
Vi tich vo lréng hai véat cé tinh giao hoan, nénada= a.da.
Vay: 2a.da= 2ada

Suyra; a.da=ada dpcm) (T.VIII-8)

9/. Pao ham theo thyi gian mét vécto c6 dd l16n khong déi 1a mét vécto vudng goc
v6i chinh no.

Ta c6 rit véco a codo I6n khongddi: a = const. \dy:

a.a =& = const

—

DPao ham hai ¢ theo thi gian: % a+a. % 0
e o , Adé~_~dé
Vi tich v0 kxéng hai véat co6 tinh giao hoan, n end— a= ot
da - da da
\ay: 2a.—2>=0 Hay:a.—=0.Suyra: apdd @pcm) (T.VII-9)
dt dt dt
10/ Hinh chiéu ciia mdt vécto 1én mdt tr uc
oo . oo
Ta cb ndt truc tpado OX voi i la véct don vi trén tuc OX, cO phlrong trung i
00 0o

phrong aia tuc OX, ¢ chéu cling chiu duong (+) @a tuc OX , c6do 16n

f‘ =1.

N 00
Ta cé nét véct a hop Wi truc OX mot goca.

/a/v?
| X
o |
®

— > (+)
O i &
i . 00
Hinh chéu aia véctr a Ién tuc OX ladai luvgng g duoc dinh ngha:
@ = acoaq (T.VIII-10)

Véi aladd l6n aia véct a.
4 - D & r
Hinh chéu g cia véct a lén tuc OXla dai lugngdai SO :

« Néugdco <90 : géc nhn thig >0
« Néugéco >90: gbctuthia< 0
« Néugbco =90 : goc vudng thia= 0

10



— D & —
Thanh pln aia véct a theo tuc OX lavecy : a, . i

11/ Biéu dién vécir qua cac hinh chéu ciia nd 1&n cac tuc toa do
Ta c6 nat véct a nim trong nat phing (P). Trong rit phing (P) ta thét lap he
truc toa dd Descartes OXY, la véct don vi trén tuc OX va j la véct don vi trén touc

O0-

QY (xem hinh )

X
(P) >
Tehinhwtacé: a= a+a,
Via =ai vaefz :ay],nén:
a=a,i+a,j (T.VIII-11)

i R oo R

Trongdé g la hinh chiu aia véct a Ién tuc OX vaa, la hinh chbu cia véct a
00~
|én tuc OY .

Nhu vay theo béu thic (1) ta c6 th bidu dién mot véct a bt ki qua céc hinh cfii
0 0
cua no Ién cactic ipado OXva Oy .

T hinh \& va 4p dng dinh Iy Pitago ta suy rdugc béu thic tinhdd 1on a @a
véct a theo cac hinh chil g va a, cia véct a.
a’=a; +a; (T.VIII-12)
Bing cachiong tr ta ding co thé biéu dén mot véct a bit ki qua cac hinh chi

0o~ 00 Oo0-

cia no lén cactic padd: OX, OY va Oz cia b truc toadd Descartes OXYZ. ¥i: k 1a
00 . 00
véct don Vi trén tuc OZ va a 1a hinh chiu cia véct a I1én tiuc OZ .

11



v

Tu hinh \& ta co:

a=a, +a, Va a,=a +a,
Suyra:ézéi+52+£3
Vi élzaxf,ézzay]vaég:azlz,nén:

a=a,i+a, j+ak (T.VIII-13)
T hinh \& va ap dng dinh Iy Pytago ta suy rduoc biéu thrc tinhdd 1on a @a
véct a theo céc hinh chil g, a, vaa cia vécw a.
a’=a;+a; vaa, = a +a
Suy ra: a’=a’+a +a’
Vii af =a} ,a; =a; vaa; =a; , nén:
a’=a; +a, +a; (T.VIIL.14)

Nhu vay bt ki mot dai luong véct nao éing c6 tié biéu dién qua cac hinh chi
cua no trong Btoado Descartes nhbieu thre (T.VIII-13) vado lon cia nddugc xacdinh
theo béu thirc (T.VIII-14).

12/Céc phép tinh véat trong hé toa do Descartes

o fo. oo oo
Véi i, j vak lavéct don vi theo cac tric tbaddo OX, OY va Oz thi:
e qi.iz=j.j=k.k=1 (T.VIII-15)
e« i.j=j.k=k.i =0 (T.VIII-16)
e ixi=jxj=kxk=0 (T.VII-17)

12



= (T.VIII-18)
a/ Cong hai véctr
c=a+hb :(axf+ay]+azlz)+(bxf+by]+bZE)
c=(a +b)i+(a, +b,)j+(a, +b,)k
Suyra:¢g=a+h;c,=a,+b, ,G=a+bh

Ta c06 cbng tirc tinhdo 16n ¢ aia véch c trong ¢ toa do Descartes OXYZ
¢*=ci+c;+¢l = (@ +b )P+ (8, +b)+ @+h )
(T.VIII-19)
b/ Tich vé hwéng hai véctr

A=a.b=(a,i+a, j+ak).(bi+b, j+b,k)
Suyra:A=a.b =g.b+ab,+ab (T.VIII-20)
c/Tich hai vectr

c=axb :(axf+ay]+azlz)X(bxf+byi+bzlz)

k

a,=(ab,-ba,)i +(ab, -ba,)j+(ab,-ba,)k
b,

Ta c6 cong thc tinhdd lon ¢ cia véct c trong ¢ toado Descartes OXYZ
¢’ =(ab,-b,a,)* +(ab, -b,a,)? +(ab, -ba,)’ (T.VII-21)
d/ Div vécio
Cho véaob: A:A\AF+AYI+AZI2 thi :

. 3
diva=IA 9N L OA (T.VIII-22)
ox o0y 0z

e/ Rot véctr
Chovéot: A=A i +A j+Ak thi

rotA=[%—%jf+(an -aAzjl(aAy -"AXJIZ (T.VIII-23)
oy 0z 0z 0X ox oy

13



CHUONG 1: PONG HQC CHAT PIEM

|. Cac khai niém mé diu
1.1.Chuyén déng oo hoc

Chuyén dong @ hoc aia mot vat 1a ar thayddi vi tri caa mdt vat nay ddi véi
mot vat khac trong khéng gian theoditgian.

Trong k¢ don vi Quic t (S.1)don vi do thoi gian 1a gidy (s)don vi do chiéu dai
la mét (m).

Cau héi: Phat béu sauding hay sai. Gi thich.

~ Chuyn déng @ hpc cia mpt vat 1a s thay doi khoing cachcia mpt vt nay
doi voi mot vat khac trong khéng gian theodigian.

[.2. Qiy dao

Quy dao la quy tich aia nHrng i tri caa vat trong khéng gian hay laitrong di”
cua \vat trong khong gian.

1.3. Hé qui chiéu

Hé qui chiéu O la ndt vat hay nét h¢ vat dugc quiudc ding yén,dé lam moc
khéoq sat chugn dong aia nit vat khac. Naroi ta gin va‘o (3 qui qch'éu O mdt hé toa
do dé xacdinh vi tri M cuaa vat trong khéng gian va &t dong ho dé xacdinh thoi gian
().

Phan tich:

~ Chuyén dong @ hoc cia nt vat mang tinh cht trong doi. Bing trén cac &qui
chieu khac nhau cung kb sat chugn dong not vat s thay vét chuyen dong khac nhau.
Sinh vién hay néu éb vi du trong thrc € veé tinh trongdoi cua chuygn dong e hoc.

1.4. Chat diém

Chit di¢m 1a \at c6 kich thréc nhd khdngdang K so \6i khoang cachi nodén he
qui chiéy O. Nhr vay viéc biéu dién mot vat bing khai ném chit diém mang tinh cit
tuong doi.

Khi biéu dién vat bang khai ngm chat diem thi hinh dng va kich tiréc aia vat
khénganh hrong dén chuyn dong aia vat.

Khi khao satchuyn dgng quaycia mbt vat, khdng ti biéu dién vat bing khai
niém chat diem.

Khi khao satchuyén d@gng tinh tién ciia nt vat, c6 the bieu dién vat bing khai
niém chat diem.
Cau hei:

1) Chuyén dong tinh tién ca vat 1a gi?

2) Chuyén dong quay 6a it 1a gi?
Phan tham khao (dec thém)
1. Khdng gian va ti gian
a/. Khéng gian

14



Newton phan lét ra khéng gian tugt doi va khdng gianitong doi.

Theo Newton, khdng gian tityii |a cai trong khong vo cling vér dé chira mi
vat, n6 tuyt doi thau swt, khéng tac dng Ién cai gi vad@ng khéng chu tac ding bwi cai
gi.

~ Nher vgy khong gian tust d@oi chi la mjt khai ném tong trong, né khong thla
doi tuwong nghién gu cia khoa lac.

Theo Newton khdng giardng doi 1a khong gian g thé do cac it thé vt chat
(tirc chit ran, chit Iéng va clat khi) chém chd. P6 |1a khéng gian € thé cia honda,
cia ain phong, 6a Trai dat va khi quyn cia né ... Khéng gianubng doi lubn ludn
trang Wi mét khaing naodo aia khéng gian tust doi.

Chung tadua ra mpt tinh hwng trongkhdng gian tuyt déi chi ton tai duy nhit
mgt vat. Chang ta c6 cach nad¢ xacdinh duwoc vt d6 dang chuyn dong thay déi vi
tri) trong khéng gian tut @i hay khéng? - Hoan toan khong, vi ching ta hodmto
khéng c6 cach ndo xatinh duroc Vit co thaydai vi tri trong khong gian tust doi hay
khong.

Cho nén tronge hoc Newton khai gim khong giannén héu rd lakhodng gian
twong doi. Va chuygn dong @ hoc phui la s thay doi vi tri cua nvt vat nay doi voi
mot vat khac(hé qui chiéu) trong khéng gianutong doi.

b/. Thei gian

Se bién doi ciia mpt vt ndodd dirgc gi 1a bién cé. Qua trinh bién doi la tap
hop nhiéu bién @ lién tiép. Thoi gian 1a qué trinh bén déi cua Vit chat.

Gia s trong khong gian ahcod mt Vit dieng yén -khdng c6 hin o nao : thoi
gian trong rong.

_ Trong khong gian c6 niil Vit twong tAc nhau dn den c6 nhéu bien doi (c6
nhiéu bien ). Thoi gian 1a Gip hop cac bén o cua vit chat.

D véi khdng giancd chiu “xudi” va chiéu “nguoc”. Nhung théi gian chi co
thé troi theo n@t chiéu, khong th tréi theo chéu ngroc lai, vi tinh nhan gia trong
khoa tpc. Bén o ngeoi me “sinh ra” phadi truéc bién o ngeoi con “sinh ra”, khéng
thé theo chéu ngroc lai.

Theo @ hoc Newton khdng gian vadhgian déc ldp nhau.

Theo o hoc trong déi Einstein khdng gian va & gian ph: thugc nhau.
2. Qw dao

Vai tro aia khai ném qu deo trong it ly:

Khai niém qu’ dao aia chit diém ch cé y nghia trong @ hoc Newton. Vi trong
co hoc Newton qu dao aia npt vat la xac dinh. Vi du: quy dao cia viéndan, qu dao
cua Vé tinh, qu dao aia mit trang... la hoan toan xadinh. Piéu nay cé ngha, ta co
thé hoan toan xadinh diroc Vi tri cua Vit tai moi thoi diém.

Phan Tich:

Trong NhEt hoc quy dao aia phan & la khéng xé}odinh. Vi tai thoi Qiém,tl
phan t ¢ vi trl’,Ml, nheng tai thoi diém t §audé khong ti xacdinh dugc crpc chain
phan tr & di dén vi tri M, ¢ dau, do chugn dong aia phani co tinh clat hon loan.
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Cho nén trong NBt hoc quy dao cia phan i “khéng c6 y ngia vat ly”. Tuong tir
trong Co hoc lwong tir quy dao caa vi hat ciing khongdugc quan tam, vi gudao aia
vi hat khéng xaatinh.

ll. Cac phwong phap xacdinh vi tri cia chat diém

II.1. Vecto Vi tri r

Mot chat diém M chuyén dong trén nét quy
dao cong ( C ) (H.1.1)bé xacdinh vi tri cua
chat diem M, tr hé qui chieu O ngroi ta vé mot
véch r dén chit diém M, véct r duoc goi 1a
vécto vi tri, con gi la ban kinh véet

XAc dinh Vi tri ciia chit diém M bang vécw v
tri r la phwong phap xacdinh vi tri ciia chit
diem M tong quat nhit.

Khi chit diém M chuyén dong trén qg dao véct vi tri r thay déi theo thoi
gian t.
r=r(t) (1-1)
Biéu thic (1-1)duoc goi la phrong trinh chugn dong aia chit diém.
[1.2. Toa d¢ Descartes OXYZ

Dé xacdinh \i tri caa chit diém M, ngroi ta gin vao & qui chéu O nbt hé truc
toadd Descartes OXYZ.

Trén hinh € (H.1.2):
« M, |a hinh chtu caa chit diém M Ién tuc OZ
co adod z.

e M, la hinh chdu cia chit diém M I1én tuc OX
co ado x.

« M, lahinh chtu cia chit diém M 1én tuc OY

cod badoy.

Nhu vay vi tri caa cHit diém M duoc xacdinh
boi ba bado: x, y, z.

Khi cht diém M chuyn dong trén qg dao (C) thi cac hinh chii My, M va
M, cia chit diém M chuyén dong trén cac trc OX, OY va OZ. Khidé cac da do
X,y,Z aia chitdiem M la ham da thoi gian t.
x = f(t)
y=d(t) (1-2)
z =h(t)

16



, Trongdd x = f(t), y = g(t) va z = h(t) 1a ptong trinh chugn dong aia cac hinh
chieu My, M va M, trén cac tuic OX, OY va OZ.
Hé phrong trinh (1-2) comtuoc goi la phrong trinh q§ dao tham $ t.
Biét phrong trinh (1-2) c6 tésuy ra plrong trinh q§ dao cia cHit diém.
Baitap 1.1
Bai a: Mot chit diem M chuyén dong trong nat phang OXY ¢6 phrong trinh q dao
tham o t:

x=5sin2t (m) (1)
y=5cos 2t (m) (2)
Hay xacdinh hinh dng quy dao cia chit diém M.

Bai b: Mot chit diém M chuyén dong trong nit phing OXY cé phrong trinh q@ dao
tham $ t:

= -4%+8t (m) (1)
=-3t+6t (m) (2
Hay xacdinh hinh dng quy dao cia chit diém M.

Bai c: Mot chat diém M chuyén dong trong nat phang OXY c6 phrong trinh q§ dao
tham $ t:

x=10t (m) 1)

y=-5t+20t (m) (2)

Hay xacdinh hinh dng quy dao cia chit diém M.

Hwéng dan giai: Thiét 1ap mdi quan & ham gira y va x ling cach ki t.
Bai a: Binh phrong hai \¢ (1) va (2), 6i cong ki, taduoc: X* +y* = 5° : QUy dao cia
chat diém M laduong tron ban kinh R=5m
Bai b: Nhan (1) wi 3 va nhan (2) §i - 4, ©i cong li, tadugc: y = %x - Quy dao cia
chat diém M laduong thing.

2

Bai c: Tur (1) suy rat, tht vao (2), tatuoc: y = -;—O + 2 X : Q dao ocia cHit diém M

la duong cong parabol.
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11.3. Quan hé giita vécir vi tri r va toa dd cia chét diém M (x,y,z) trong hé tea d¢
Descartes OXYZ

Tir hé qui chéu O ngroi ta V& véct vj tri r
den chat diem M. (H.1.3)

Theo toan bc véct vi tri r duoc biéu dién
trong I¢ toadd OXYZ nhu sau:

F:rxf+ry]+rzlz Q)

Trongdo:

« Iy, r,, I, 1ahinh chdu cia véct vi tri r
lén cac tnc OX, OY, OZ.

- — -

* i,j,k lacac véetdon vi trén cac tic
OX, OY, OZ.

Tu hinh & (H.1.3) ta co:

ﬂ
1

X

(2)

y

_1
1
N <« X

r

z

Tu (1) va (2) ta suy ra végtvi tri r duoc biéu dién trong ¢ toa d6 Descartes
OXYZ nhu sau:

-

F=Xi+y]+zlz (1-3)
1.4. T oa dd thang x va fpa dd cong s
1.4.1. Toadd thang x
Trong trong hop chit diém M chuyén dong trén q§ dao thing. Ngoai hai ptong

phap chung la véetvj tri r va ba do Descartes M (x,y,)¢ xacdinh v tri chit diem,
ching ta con cd &xacdinh Vi tri chat diém M hang phrong phapdon gian hon: phrong
phap dado thang x.

Trong phrong phap da d6 thing x k¢ qui chéu O duoc dit trén qy dao va thét
1ap truc OX theo q§ dao c6 chéu drong (+) clon tly y. (H.1.4)
Khi @6y = 0 va z = 0 vart(1-3) \ tri chit diém M dugc xacdinh:

r=xi (1-4)

Véi i 1a véct don vi trén qy dao va cing cliu (+) aia qu dao.
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Trong (1-4) xduoc goi la toado thing, nd ladai lugng dai S5, tredc chir s ciia badd x
phai c6 diu (+) hay du trr (-)
Vidu:x=+5(m)hayx=-5(m).

[ ]
y—!
Jd
v

: *)

H.1.4

Khi chat diém M chuyén dong, bado thang x 1a ham ga thoi gian t.
x = f(t) (1-5)
Biéu thirc (1-5)duoc goi 1a phrong trinh chugn dong aia cHit diém M.

~ Phrong trinh chugn dong aia chit diém cho bét quy Iuat chuyén dong aia
chat diem trén qg dao.

11.4.2. Toadd cong s

~ Truong hyp chat diém chuyn dong trén g§ dao cong, trong tr nhu toa do
thang X, chling taing cd ti¢ xacdinh vi tri cua chit diem M trén q§ dao bang ado
cong s, wi s la khang cachw hé qui chieu Odeén chat diém M theo q§ dao. (H.1.4)

Khi chat diém M chuyén dong hado cong s 1a hamia thyi gian t.
s = f(t) (1-6)
Biéu thirc (1-6)duoc goi la phrong trinh chugn dong aia chit diém M.
[1.5. Toadd géco

Mot chat diém M chuyén dong trén q§ dao tron
ban kinh r.

Néu dit hé qui chéu O ti tdm qu dao, ching ta c6
thé xacdinh Vi tri chét didm M bing ve-tr vi tri r
hay tado Descartes M (X,y).

Néu dat h¢ qui chu O trén q dao, ching ta c6 th
xacdinh i tri chat diem M bang tpadd cong s.

Ngoai nhiing phrong phap xactinh v tri cua chit
diém M néu trén. Chang ta con c&tkacdinh i tri
chat diém M bing tado goce. (H.1.5).

Toadd gbéco codon vi : rad
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Tu hinh (H.1.5) va theo toamb, ta co:

s =18 (1-7)
Khi chat diém M chuyén dong 6 thayddi theo thvi gian t.
0=0 (1) (1-8)

Biéu thirc (1-8)dugc goi la phrong trinh chugn dong aia chit diém M.

Biét phuong trinh chugn dong (1-8) @a chit diém. Ta c6 th tinhdwoc van toc
gocw va gia 6c gocp cua chat diem M trong chugn dong tron.

11.6. Vécto dich chuyén vi phan ds

H.1.6
Trong khang thyi gian dt = § — t;, rat nho (dt — 0) chit diém M dich chuygn
mot doan rit ngin ds trén qu dao. Trén ds, ta tht 1ap véct ds cung chéu chuyn

dong Wi chit didm M. Vécb ds dugc goi 1a véct dich chuyn vi phan éa cHit diém
M.(H.1.6)

Chat diém M chuyén dong trén q§ dao cong. i thoi diém t, chit diém M & vi
tri My duoc xacdinh king véct vi tri r, . Tai thoi diém t, chét diém M & vi tri M,
dugc xacdinh bing véct vi tri , .

00
Vécto M;M,nai tar diem M; den diem M, dugc goi la véck dich chuyen cua

chat diém M trong khang thyi gianAt = t, — t,.
Tu hinh \& (H.1.6) ta co:

. . 0o
r,=rn+ MM,

0o ~ . .
Hay: MM,=r1, - 1, =Ar
Vé6i: Ar = r, - r, 1ado bién thién @a véct vi tri r .

Nhur vdy véct dich chuyn cia chit diém hing do bién thién @a véct vi tri r .
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00 . R .
Néu At — dt— 0thiMM, — dsva Ar — dr
Nhu vay khi dt— 0 thi:

00-

M,M,= ds =dr (1-9)

I, Véct o van téc
I.1. Pinh nghia véci van téc v

Tai thoi diém t; vi tri chét diém M duoc xacdinh king véct vi tri r, . Tai thoi
diém t, vi tri chit diém M dugc xacdinh bing véct vi tri r,. Trong khang thoi gian
At = t, — t; vécb vi tri r bién thién ndt lugng At =r,-r, .

Dé dit trang cho nkc d6 nhanh cAm va phrong chéu chuyn dong aia chit
diém M tai ting thyi diém t, ngroi ta ding khai im véck vin téc v dwec dinh

nghia bing dgo ham aia vécw v tri r theo thyi gian t.
- Ar _dr

v=Ilm—=—
at-0 At dt

Vay: v= OL—: (mis) (1-10)

Véci van toc v:Co phrong triing i phuong tiép tuyen cia quy dao, cé chéu
cung \bi chieu chuyn dong aia chat diem M.

Tu (1-9): ds = dr va (1-10) ta suy ra:

—

- ds
= 1-11
Ve (1-11)

Nhan xét: Trong béu thic (1-10) véat van tc v bing dgo ham véct vi tri r theo

thoi gian t. Con biu thirc (1-11) véat van tic vbing véct dich chugn vi phands
chia thoi gian vi phan dt.

[11.2. V an téc tiec thai va toc d tirc thoi

M r v v M T
H.1.7
) (+)
Chat diém M chuyén dong theo Chét diém M chuyén dong theo
chiéu deong ( +) qy dao chiéu am ( - ) q§ dao
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Ta c6 ti viét vécty van toc v nhu sau:

V=V (1-12)
Vi
« 7 la véct tiép tuyén don vi: co phrong tiép tuyén vsi quy dao, co chéu
=1 . Xem hinh

clng Wi chiéu dwong (+) qw dao, c6dd lén hay m@un 7

(H.1.7)

« Néu cHit diém M chuyén dong trén qg dao thing OX thi 7 tring \6i i .
« v lavdn toc tic thei cua cHit diém M, theong duoc goi don gian 1avdn toc:
Néu v > 0 thivvar cling chéu, chit diém chuyén dong theo chiu drong ( +

) quy dao. Néu v < O thi vvar ngroc chiu, chit didm chuyn dong theo
chieu am (-) q§ dao. Xem hinh (H.1.7)

D I16n hay m@un aia véct van tic v duoc i 1a téc dp tirc thei cia cHit diém

M, thuong @i don gian latéc dg: |v|=|v|.r| = |v|, vi|z| = 1. Nhr vy tbc do

bing 6 Ion hay médun aia véct van ¢ v hay ling gia ti tuyét ddi cia \an
toc v
v

« Técdo cua chit diem dugc ky higu: |v| hay|

Chuyen dong déu la chugn dong cotdc df v khdng thaydoi theo thyi gian .

Chuyén dong nhanh &n 1a chugn dong cotéc dp M ting theo thi gian.

Chuyén dong chim dan la chugn dong cotéc do [V giam theo i gian.
Chay:  Khi viét van ¢ tirc thdi v truéc chir 5 phii ¢6 diu (+) hay du (-). Dau (+) xacdinh
chat diem chuyn dong theo chéu drong (+) q dao. Dau tnr (-) xacdinh chit diém chuyn

dong theo cliiu (-) qu dao. Vi du: v =+ 5 (m/s) hay v = - 5 (m/s)a@ai trong hyp déu cé
tocdo [v| =5 (m/s)Kim chi trén téc ké ciia xe may hay O-t6 ladc dg M.

[11.3. Vécto van tbcv trong toa d¢ Descartes

T (1-3):r =xi +y | + zk va (1-10):v :dd_: ta suy ra:

dr _d, - - - _dx: dy: dz
0 - O xivyjrzk =20+ 5+ 5% 1
g - g ityitz=g j (1)

dt dt

VvV =

Theo toandt véct van toc v ciing dugc biéu dién trong 1§ toaddo Descartes
OXYZ nhu sau:
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Q:vxf+vyi+vzlz (1-13)

Trongdé: , v, , V; Ia hinh chiu cia véct van tc v 1én ba toc toa d6 OXYZ

So sanh (1) va (1-13) tasuy ra:

“odt
dy
=2 1-14
_ gz
o dt

Theo toan bc ta cé éc do cua cHit diém M:

== iei= (S5 s

Bai tap 1.2
Mot chit diém M chuyén dong trong mit phing OXY c¢6 phrong trinh q§ dao tham

SH t:
= -4%+8t (m) (1)
y=-3t+6t (m) (2
1) Hay viét vécb vi tri r caa chit diém M trong baddo OXY
2) Tim phrong trinh q§ dao cia cHit diém M
3) Hay viét vécb van tdc v caa cHit diém M trong bado OXY
v| cua ctit diem M tai thoi diemt=0
v| cia chit diém king 0

4) Tinh ¢ do

5) Tim vi tri cia chit diém M khi téc d6
l1l.4. V an téc v theo ba dd thang x
1.4.1. Van téc v

—

Te(1-4)r =x i va(1-10):v :O:j—tr ta suy ra:

- dr _d, s _dx-
ve—o=—(X1i)=—.i 1
dt dt( ) dt (1)
So sanh (1-12)v = vr = vi va (1) ta suy ra:an toc v aia chit diém M
trong chugn dong thang.
dx
=— m/s 1-16
ot (m/s) (1-16)
Vdy vin tic v aia chit diém M trong chuygn dong thing hing dgo ham ba do

thing x theo thi gian t.
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Van toc v trong chuyn dong thmg phin anh  mic @6 nhanh cAm va chéu
chuyén dong aia chit diém tai tirng thyi diém trén q dao thing.

111.4.2. V an téc trung binh v va téc @ trung binh s

111.4.2.1. Van téc trung binh v

Mot chit diem chuyen dong trén qg dao thing. Tai thoi diem t chit diem c6
toa do x; tai thoi diem t, chat diem co pva do x,. B9 dich chuyn Ax cia chit diem
trong khaing thyi gianAt = t, — t; dugc dinh ngha: AX = X, — X,

Van téc trung binh ¢a chit diém duogc dinh ngha:

A
v = A (m/s) (1-17)

Van toc trung binhv 1a dai luong dai 6.

Trong trong hyp tong quét ¥n tc trung binhv khongdic trung cho nirc do
nhanh chm va chéu chuyn dong aia chit diém trong kh@ang thoi gianAt = t, — t;.

111.4.2.2. Téc dd trung binh s

Mot chat diem M chuyen dong trén q§ dao thing. Trong khang thoi
gian ét = t, — t; chat diém chuyn dong dugc mot doan duong L. Toc d6 trung
binh scua chit diém duoc dinh ngha:

- L i
s= E (m/s) (1-18)

Téc d6 trung binhs cua cHit diém ladai luong luén ludn dong.

~ Tbc do trung binhs cua chit diém dac trung chodoan dudng trung binh cit
diem di duoc trong ndt don vi thoi gian (giay-s)

Néu trong khang thyi gian At = t, — t; chit diém chi chuyén dong theo chiu
duong (+) haychi chuyn dong theo chiu am (-) @a quy dao, thi L =|AX. Trong

treong hop nay ¢ d trung binh Bing gid ti tuyét ddi cia vn toc trung binh:s = v
Bai tap 1.3
00-
Mot chat diém M chuyén dong trén q§ dao thing OX cé phrong trinh chugn
dong:  x = 41— 8t (m).
1) Tim \an téc v aia chit diém

2) Tim van toc trung binhv cua chit diém M chuyn dong tir thoi diem t = 0dén
thoi diem t, = 2s
3) Tim ©cdo trung binhs cua chit diém M chuyn dong tr thoi diém t = 0
deén thoi diem t, = 2s
Phwong phap gii
1/ Tim van téc v cha chat diém
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Ta c6 \an toc v aia chit diém:
v=_9d e _gy-g-g

dt dt
v=8t-8 (m/s)

- Tai thoi diem t, = 0, chit diem M ¢ goc toa dd Xo = 0 va \in tc Vo = - 8 m/s.
Chat diém M chuyén dong theo chdu am (-) q§ dao.

- Tai thoi diém t = 1s, clég diem mo vi tri X = - 4 (M) va an toc vi = 0. Nhr
vay tur thoi diém tp = 0den t; = 1 s clat diem M chuyén dong ctim dan theo
chiéu am (-) q§ dao.

- Tai thoi diém t = 2 s, clit diém M & vi tri X, = 0 va in toc v, = + 8 m/s. Nix
vay tai thoi diém t, = 1s clat diem M do6i chiéu chuyén dong va chugn dong
nhanh dn theo chdu dwong (+) qu dao.

2/ Tim vén tbc trung binh v ciia chit diém M chuyén dong tir thoi diém to = 0
den thoi diem t, = 2s
- Taithoi diémt,=0:%=4.0-8.0=0
- Taithoi diémt,=2s:%=4.2-82=0
- Trong khaing thyi gianAt = t, — , = 2 — 0 = 2sd6 dich cuyn cia cHit diém
AX=X—-%=0-0=0
Vay van t6c trung binhv caa cHit diém M trong khang thyi gianAt = t, — ty = 2s

3/ Tim téc? dd trung binh s cia chit diém M chuyén déng tir thoi diém to = 0
den thoi diem t, = 2s

- Taithoi diémt,=0:%=4.0-8.0=0

- Taithoidiémt =1s:x=4.%-81=-4 (m)

- Taithoidiémt,=2s:%=4.2-82=0

Nhu vay:

- Trong khaing thyi gianAt = t; — = 1 — 0 = 1sd¢ dich cuyn cia chit diem
AX=X —%=-4-0= -4 (m).¥%¥ khaang duong chit diém M dich chugn
duoc: L= |Aq=|-4=4 (m)

- Trong khaing thi gianAt = t, — 4 = 2 — 1 = 1sd¢ dich cuyn cia ctit diem
AX=X%—-%=0-=(-4)= 4 (m).% khoang duong chit diem M dich chugn
duoc: L, = |AX=|4=4 (m)
- Trong khding thoi gianAt = t, - = 2 — 0 = 2s, khang duong ctit dicm M
dich chugnduoc: L=L;+L, =4+4=8(m)
Técdd trung binhs cia cHit diém M chugn dong tir thoi diém t = 0dén thyi diém t, =
2s la:
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l11.4. V an tdc v theo ba dd cong s

Tai thoi diém t, vi tri chit diém M duoc xacdinh bing toa do cong s. Tai
thoi diém t, vi tri chat diém M dugc xacdinh kang toa do cong s. Trong khang
thoi gianAt = t, — t;, toadd cong s bén thién ndt lwongAs = s — 5.

Vin tc v aaa cHit diém M trong chugn dong congduoc dinh ngha bing dao
ham tvado cong s theo th gian.

As _ds

M-OAt  dt
Vay: v=‘;—f (ms) (1-19)
~Van toc v trong chugn dong cong phn anh mic do nhanh chm va chéu
chuyén dong aia chit diém tai tirng thyi diem trén q dao cong.
I11.5. Vécto van tdc goc w
Mot chat diém M chuyén dong trén q§ dao tron, c6 ban kinh .

~ Tai thoi d,iémqtl vi tri chit diém M duoc xacdinh king foa d6 gocO,. Tai thoi
diém t, vi tri chat diém M dugc xacdinh king a do goc6,. Trong kh@ang thyi gian
At = t, — t; toadd goc bién thién ndt luongAB =6, - 8;.

Van goce cua chit diém M trong chugn dong tronduoc dinh ngha bing dao
ham tado goco theo thoi gian.

_ .. QMO _do
w=Ilm—=—
a0 At dt
Vay : a):% (rad/s) (1-20)
Tu (1-7): s =M@ va (1-19) ta suy ra:
ds (02
v-———( O=r—=rw
dt dt dt
V=i (1-21)

Biéu thirc (1-21) thét 1ap mdi quan & giita Van tc v va \in t6c gécw cua chit
diém trong chugn dong tron.
Nguoi ta biéu dién van t5c gocw bing véct van tic goc w:
« C6 phrong nim trén tuc quy dao tron.

» C6 chiu dugc xacdinh theo quidc ban tay phi: dat ban tay phi theo chéu
chuyén dong aia chit diem M, sao cho long ban taybng vao tam, cleu ngon

cai dang ra 1a cBu cia véct van toc gocw. (H.1.8)
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A C:.)
g ;I(, . ;
M .
Vv
H.1.8
a)V

y

Mit phing a1a quy dao tron vudng gocé mit to gidy.
Tu (1-21), hinh & (H.1.8) va tinh cit tich (x) caa hai véat ta suy ra:
VEwxr (1-22)
Tham khao mé rgng

Tu (1-22) ta co: dd_: = v=wxr

dr - -
Hay: — = wxr
y dt

Trong chugn dong tron véat vi tri r codd 16n khdngddi va bing ban kinh r&a

vong tron. Ta suyong ra ndt véct a cods 16n khongddi ( al= const) va quaydi véclo
~ X TR d é. D
van toc goc wthi: o = wxa (2-22T)
Trongdo: da 0 EavaE Da
dt dt

IV. Vécto gia toc
IV.1 Pinh ngtiia vécw gia téc a

Tai thoi diém t, chét diém M c6 véct van tcv, . Tai thoi diém t, chit diém M
c6 véct van tdc v, . Trong khang thyi gian At = t, — t, véct van tdc v bién thién
mot lugng Av = \72— \Z

Vécto gia ¢ ala dai luong \at I duoc diingdé do do bién thién @a véct van
téc v theo thi gian, duoc dinh ngha king dao ham véat van toc v theo thyi gian t.
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a=— m/$ 1-23
= () (1-29
Tir ( 1-10): v =‘2—tr va (1-23) ta suy ra:
- d?r
- 1-24
e (1-24)

Nhu vay véct gia Hc a bingdao ham lc hai véot vi tri r theo thi gian t.

Véci gia B¢ a c6 phrong chiu huéng vao B 16m quy dao cong.
Phan tich minh tya:

Tai thoi diém t, chit diém c6 \an tc v, , tai thoi

diém t, chét diém c6 \an tic v, . Ta codo bién thién

V> cia véch van tc cia chit diem dv = v, -

\71 trong khang thyi gian dt =4 - t;.

Theo hinh ¥ (H.1.9) ta thy dv c6 phrong chéu hréng vao B 16m quy dao .

Theo (1-23) véet gia ¢ a cing phrong chéu wi dv. Nén véct gia 6c a co
phueong chéu hedng vao 8 1I6m quy dao cong.

H.1.10

Nhanh dn

Chuyén dong nhanh dn |v,| > |v,

c6 véct gia B¢ a huéng V phia toréc theo
chidu cia véct van tic v . (H.1.10)

H.1.11
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Chuyén dong chim din |v,| < |v,| co véct gia Hc a husng  phia sau ngoc

V2

chidu véi vécio van toc v. (H.1.1)

IV.2. Vécto gia toc a trong toa d9 Descartes OXYZ

d2r

Tir (1-3):r =xi +y | +zk va (1-24):a= Lo asuyra
- d?r >, - - - d’x- dy- dz:
a= = —(xityj+zk)= St jF .k 1
dt’ dt? ( v ) dt ae T ae @)
Theo toan bc véct gia Hc a duoc biéu dién trong 1§ toa do Descartes OXYZ nh
sau:
é:ax.}+ay.]+ ag.f( (1-25)
Trongdo: &, a, , & 1a hinh chétu cia véct gia tc a lén ba toc toa do OXYZ
So sanh (1) va (1-25) ta suy ra:
ST
d’y
= 1-26
% dt? ( )
%=
Theo toan be ta cédo 16n hay modun aia véct gia B¢ a cia chit diém M:
- R E) d2x) (d*y) (&2
al = 2+ 2+ 2 = + + 1'27
HTHTE \/(dtzj (dtzj dt’ (1-27)
Bai tap 1.4

Mot chat diém M chuyén dong trong nit phing OXY c6 phrong trinh q§ dao tham
SO t:

x=10t (m) (2)
y=-5t+20t (m) (2)

1) Hay viét vécb vi tri r caa cHit diém M trong badd OXY

2) Hay xacdinh hinh dng quy dao caa chit diém M

3) Hay viét vécb van tdc v caa cHit diém M trong bado OXY
4) Tinh ¢ do M cia chit diém M tai thoi diém t = 1s

5) Hay viét vécb giaBc a cia cHitdidm M trong badd OXY

29



6) Hay tinhdo I6n hay modun aia véct gia Bc a
7) Hay tinh thbi diém t khi hai véat van tc vva véct gia Hc a cia cHit diém M
vuodng goc nhau
IV.3. Gia téc a theo ba dp thang x
Truong hyp chit diém chuyén dong trén q§ dao thing. Ching ta tit ap truc
(D)D;( theo qy dao.

-

Tu (1-12):v = V7 = Vi va (1-23):5:% ta suy ra:

- dv_d dv-
a=—=—(vi)=—1i (1
dt dt( ) dt @

Ta viét lai: a=ai 2)
Véi adugc goi la gia e oia chit diém M trong chugn dong thing
So séanh (1) va (2) ta suy ra:
a= %’ M/ (1-28)

Tir (1-16): v = %‘ va (1-26) ta suy ra:

dv d & X
2= G e g
d?x
=— 1-29
dt? ( )

Viy trong chugn dong thing gia bc a king dao ham Kc hai dia ha do thing x
theo thoi gian.

Bai tap 1.5
Bai a: Mot chit diém chuyén dong trén q§ dao thing c6 phrong trinh chugn dong:
x=2¢-8t+3 (m).

1) Tinhvan tbc v aia chit diém tai thoi diém t = 1s
2) Tinh gia bc a dia chit diém.

Huwéng din gidi
1) Tinhvan tbc v aia chit diém tai thoi diém t = 1s

v-%: S@-a+3= 4t-8 (mis)

v=4.1-8=-4(m/s): @hdiém chuyn dong theo chiu &m q dao
2) Tinh gia 6c a dia chit diém.
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_dv_d . o
a_a-a(m 8)=4 (m/$)

Hay:
d®x 2
=— ~ =—_(2?-a+3)= 4 (m/$
preilrl ) (m/s)
Phwong phap: x — v — a: Cho x tim v, tim a hay cho v tim a . Changaagicéng
cu toan lvc dao ham
Bai b: Mot chiéc xe chy trénduong thing i vi tri O thyi diém t = 0, naroi lai xe

ham phanh, an toc xe bén d6i theo qui luit: v = 20 -415t2 (m/s).

Hay tinhdoan duong L xedi duoc ké tir IGc hdm phankdén khi xe drng lai.
Huwong din gidi

t=0 t

@ L 2 >
Ox=0 X1 X
@ >

Ta c6 plrong trinh \an tic cia xe:
4
v=20-—t° 1
45 (1)
Tai thoi diém t; xe drng v, = O:

l\/:20-4;45112 =0

Suyrat;=15s

Mit khéc ta c6: v =‘;—? )

Suy rado bién thién ba x: dx = v dt (3)
Thé (1) vao (3) tatugc:

dx = (20 —2¢2) dt = 20dt —~t2dt  (4)
45 45

Nhu vay sau not khgéng thyi gian dt xedi dugc doan duong dx.Dé tim taa do
x cia xe tady tich phan Wu thac (4).

[dx=20[dt —4—‘tsjt2dt (5)

* Ta lay tich phan xadinh biu thic (5)
biéu kién dau va cui
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e t=0xed gdc toadd X = X = 0. (&n dudi)
e t=1t =15s xe dng¢d vi tri X = . (cin trén)

Td zoidt 4 thdt
X= -—
0 0 4'50

Sau khi 4y tich phan ta tindugc phrong trinh chugn dong aia chit diém:

4 1
X, =20t - — =3
! Lt
Vit = 15 s ta tinlduoc:
41 4
% 20f - — =t = 20.15 - —15° = 200 (m
! b 2530 13E (m)

Vay doan duong xedi duoc:
L =[x, = X,| =|200-0 = 200 (m)
Phwong phap:a— v — x: Cho a tim v, cho v tim x . Chang ta dung coéago@n lvc
tich phan.
Bai tip 1.6
Mot chiéc xe chy tréndudng thing. Tai vi tri O, thyi diém t, = 0, \an toc tirc thoi

cua xe 4 = 25 (m/s), ngoi lai xe hdm phanh, giadt xe bén dbi theo qui lt:
a=-05t (mA.

1) Hay tinh thi diém ty xe drng i ( A 1a diém xe ding li)
2) Hay tinh qéngduong L xedi dugc ké tir Ic hAm phankdén khi xe drng

IV.4. Vécto gia téc tiép tuyén a va vécw gia tbc phap tuyén a,

Tu (1-12):v = v7 va (1-23):51:% ta suy ra

dv_d, -, _dv: dr
—=—(WI)=—.T+V—
dt dt d dt
- dv- ., dr_ - -
a=—.7T+v—=23g+ 1-30

Theo (1-30) véet gia B¢ a duoc phan tich thanh hai thanhioh
Thanh pln a :%.? duoc goi 1a véct gia Be tiép tuyén aia cHit didm M, co
phuong tiép tuyén véi quy dao.

Thanh phn a = v.% duoc goi la véct gia H¢ phap tugn caa cHit diém, co

phuong vuéng géc &i quy dao.
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Phan tich minh hya:

Chay: 7 la vécty tiép tuyen don vi, cé phrong tiep tuyén véi quy dao, cé chéu ludn
lubn cung wi chiéu dwong (+) qW dao.

-

MT a v V. a M1

a [}

Chuyén dong nhanh an Chuyén dong nhanh an

Trén hinh H.1.12a &h diém M chuyn dong nhanh dn cung chdu dwong (+) qu
dao.

Trén hinh H.1.12b ¢t diém M chuyén dong nhanh én ngroc chiéu drong (+) qu
dao.

Eil\/ITV

H.1.13a

H.1.13b

Chuyén dong chim dan Chuyén dong chim dan

Trén hinh H.1.13a @h diém M chuyén dong chim din ngroc chidu drong (+) g
dao. Trén hinh H.1.13b édiém M chuyén dong chim din cing chiu dueong (+) qW
dao.
IV.4.1. Vécto gia toc tiép tuyén a,
Ta c6 véat gia Bc tiép tuyén: a (;\t/ r (1-31)
Chuing ta Wt lai biéu thic (1-31): a = 4g.7

Véi: a =%’ m/d) (1-32)

a) a duoc goi 1a gia téc tiép tuyén dit trung cho g thay ddi vé do 16n aia
véch van tbc v
b) Gia tc tiép tuyén g theo bado thang x:

_dv_d d)s d?x
dt dt dt
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_d®x

a=2 (1-33)
c) Gia tc tiép tuyén g theo baddp cong s:
_dv_ddy_d:
dt dt dtt df
d’s
A= (1-34)
d) a ladai luongdai sb: cé thé bang 0, drong hay am

e) a = %’ = 0 : Chit diém chuyén déng déu

f) a= %’ > 0 : Véct gia Be tiép tuyén a, cling chéu véi véch tiép tuyén
don vi 7, trc cling chdu drong (+) qu dao.

9) &= % < 0 : Véct gia Hc tiép tuyén a, ngugc chiu véi véco tiép tuyén
don Vi 1, tc ngroc chiu drong (+) qu dao.

h) Véctr gia B¢ tiép tuyén a cling chidu véi véct van tdc v: chit diém
chuyén dong nhanh an. (H.1.12)

i) Vécto gia B¢ tiép tuyn a, nguwec chidu voéi vécio van tdc v: chit diém
chuyén dong ctim din. (H.1.13)

IV.4.2. Vécto gia tbc phap tuyén a_

Ta co véat gia ¢ phap tugn: a, = v.% (1-35)

-

=1=const, nén theo toandt: %D? . Vay vécb gia Bc phap

a) Vi |r

tuyén a cé phrong vudng goc i qily dao va c6 chiu huéng vao 1 16m
quy dao. Hinh \& (H.1.12) va (H.1.13).

b) Véct gia Hc phap tugn a, dit trung cho & thayddi vé phrong chéu cia

véc van toc v

0o0-

¢) Vi trong chugn dong thing 7 = const nén% =0. Vay trong chugn dong
thing véct gia ¢ phap tugn a_ = 0.

d) Po l6n cia véct gia e phap tugn a, duoc goi 1a gia ¢ phap tugn a, .
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Trén hinh ¥ (H.1.14) ndt chit diém M chuyén dong trén q§ dao cong
bt ky ( C ). Tai thoi diém t, chit didm & vi tri My c6 véct tiép tuyén don vi ;.
Tai thoi diém t, chit didm & vi tri M, c6 véct tiép tuyén don vi 7,.

Trong khang thdi gian vi phan dt =t— t, chat diém M dich chugn mot doan
duong M;M, trén gy dao. Tur hinh & (H.1.14) ta thy doan duong nlo M;M, trén
quy dao cong ( C Xuoc xem nlw trung Wi mot cung s éa mjt vong tron ban kinh r,
véi r dugc goi la ban kinh congi@ quy dao tai vi tri khao sat.

Nhu vay trong khang thyi gian dt , xem nh chit diém M chuyén dong trén
quy dao tron ban kinh r, cé véetvan toc géc w. Véct van t6c goc w ¢ phrong
vudng goc i mit phing © gidy va cé chéu hudng vao.

Vi 7 luén luén vubng gocdi ban kinh vect r, nén hai véet rvar cung
quay \6i van tbc goc w.

r

Do |r|=1=con st, nén theo (1-22T) ta co:

-

dr - -
— = wWXT 1
m (1)

—

Thé (1) vao (1-35)a, = v.% taduoc:

—

- 47
& " dt

=S VWXT =WXVT =WXV
a = wxv (1-36)

Vi vOw néntaco giadt phap tudn a;
= OV (2)
Thé (1-21): v = w vao (2) taduoc:
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a =— (1-37)

Theo (1-30):a = a,+ a,, vi a Oa_, nén ta c&id I6n hay maun aia véct

giac a:
~ dv)} (V)
=Ja+&=,||—| +|— 1-38
=@ g J & ( r j (1-38)
Baitap 1.7
Mot chit diém M chuyén dong trong nit phing OXY c6 phrong trinh chugn dong:
x=5sin2t (m) (@)
y=5cos 2t (m) (b)
1. Hay viét vécu vi tri r cia cHit diém M trong I toadd OXY

N

Hay xacdinh hinh dng quy dao cia cHit diém
3. Hay viét vécb van tdcv ciia cHit diém M trong 1§ toado OXY
cua chit diém M

4. Tinh %cdd |v

5. Hay tinh n toc gbco va gia bc gocp cua chit diém M
6. Viét vécb gia Bc acua cHit diém M trong I¢ toadd OXY
7. Do 16n hay médun aia véct gia ¢ a cia cHit diém M
8. Tinh gia bc tiép tuyn g va gia 6c phap tugn a, chit diém M
Huwong din gidi
1/ Hay Vit véct vi tri r caa cHit diém M trong 1 toadd OXY
r=x f+yi =(5sin2 )f+ (5cost2 i (m)
2/ Hay xaadinh hinh dng quy dao cia chit diém
Binh phrong hai \¢ cua (a) va (b), i cong lai:
x> = 5 sin’ 2t
y* = 5 cog 2t
% + y? = 5 (sirf 2t + co$ 2t)
X +y* = 5 : Quy dao cia chit diém M ladudng tron ban kinh r =5 m
3/ Hay viét véct van tdcv ciia cHit didm M trong 18 toadd OXY

\7=VXT+Vy] (1)
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d— —(55|n2t) 10cos2 (2)

X

dt
v, = %’ (50052)— 10sin2 (¢
Thé (2) va (3) vao (1) tduoc:

V= (10cos2 )f+ € 105in123 (m/s)

4/ Tinh 6c d6 |v

vl = 2+ (4)
Thé (2) va (3) vao (4) tawoc:
| vl = V2+v2 =10 co¢ 2+ ¢ 103 sif 2=y 100(cést2 dirt ) mis

v| =10 m/s: Cht diém M chuyén dong trondéu

5/ Hay tinh vn t5¢c gocw va gia ¢ goch caa chit diem M

Taco: v=o
Suy ra: a):le—ozz
r 5
® =2 (rad/s)
Taco glac’bc goc : ﬁ—d—ctd-ﬂ( )=0
B=0 (rad/$)
6/ Viét véct gia B¢ aciia cHit didm M trong I¢ toado OXY
a=a.it+a, | (5)
% —iz(Ssm 2)=-20sin2 (6)
a, = Z?:di;(ScosZ )=—-20cos2 (i

Thé (6) va (7) vao (5) tawoc:

a= ax.i+ ay.] =(-20sin2 ).f+ € 20cost2 f.:
= —4[(55in 2)i+ (5cos2 )} =

a=-4r (m/$)

Vécto gia Hc a cling plrong va ngroc chidu véi vécho vi trir (ban kinh véet).
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Vay vécb gia Bc a co phrong vudng goc i quy dao tron va co cléiu heéng
vao tam O ga quy dao.

7/Dd 16n hay médun aia véct gia ¢ a cia cHit diém M

= Ja+a ®)

Thé (6) va (7) vao (8) tawoc:

-

= Ja2+a? =\400sir? 2+ 400cos =4/ 20 (sht2 cdst ) (m/S)

= 20 (m/$)

8/ Tinh gia éc tiép tuy¥n a va gia 6c phap tugn a, chit diém M

Taco:a —%/-—(10) 0 (m/S)

IV.5 Vécto gia téc goc B

Vécb gia B¢ goc B 1adai luongduoc dingdé do do bién thién @a véc van e goc

w theo thdi gian,duoc dinh nghia. Bingdao ham éa véct van tbc gécw theo thi gian.

—

- dw
==~ 1-39
F="4 ( )
Vécto gia B¢ 3:
« CO6 phrong ram trén tuc quy dao tron
. Co6doIon: ﬁ=‘ij—‘t° (rad/ &) (1-40)

« B co tte bang 0 drong hay am
« Né&up = 0: chitdiém M chuyén dong trondéu

« Néu B > 0: CHt diém M chuyn dong nhanh &h vag ciing chiu voi w
(H.1.12)

« Néu B < 0: CHit diém M chuyn dong chim din va 8 ngroc chiu véi w
(H.1.15)
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H.1.15

Chuyén dong nhanh an Chuyén déng cim din

Bai tap 1.8
Mot chat diém M chuyen dong trén qg dao tron, ban kinh r = 2 (m), c6 pbing trinh
chuyéndong: s =28 (m)

1) Tinh an téc v aia chit diém M tai thoi diém t = 1s.

2) Tinh van tc gécw caa chit diém M tai thoi diém t = 1s.

3) Tinh gia bc gocp cua chit diém M.

4) Tinh gia bc tiép tuyén a caa chit diém M.

5) Tinh gia 6c phap tugn a cia cHit diém M. tai thoi diém t = 1s.

6) Tinh modun qia véct gia B¢ a cia cHit diém M tai thoi diém t = 1s.

V . Tong hep vécir van toc v va vécw gia toc a

Ta c6 I qui chiéu O gin trén nit duong, ke qui chéu O'gan trén nét Otd
dang chugn dong trén nit duong.

~ Quan sat vién Altrng trén & qui chéu O, con quan sat viéndng trén & qui
chieu O. Hai quan sat vién A va B cungddisat chuyn dong mot chiec may bay M.
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Pé xacdinh vi tri may bay M quan sat vién A dung véef tri r , dé xacdinh
vi tri may bay M quan sat vién B dung veodt tri r', dé xacdinh vi tri Oté quan st
vién A dung vecd vi tri 00 .
Tu hinh & (H.1.16) ta co:
F=00 + r

bao ham theo thi gian taduoc :

- -

dr doO dr
= +

dt  dt dt
Hay: V=V A+ (1.-41)
Trongdo:
e v = 9713 van ¢ caa chit diém M déi véi he O .

1

. v o= Clj_t: I3 van ¢ cia chit diém M déi véi he O .

. V= d%: I3 van tc cia e O déi he O .

Bidu thic (1-41) 1a cong tic cdng véct van tc vtrén hai B qui chéu khac nhau
Ovao.

Trén cac I8 qui chidu khac nhau véatvan tic v cua chit diém khac nhau

bao ham (1-41) tauoc:

dv_dv, dv
dt dt dt
Hay: a=A+a (1-42)
Trongdo:
. a= %: la gia 6c qia chit didm M déi véi he O
- _ d\; . N . 4 ” 4 = R A ,o. A '
. = 5 la gia 6¢c cia chat diem M doi vai hé O .
N d\7 Ca . 4 ” A . FOETRR
e A=—:lagiabcaiah O dihéO.
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Biéu thrc (1-42) 1a cong tic adng véct gia Hc trén hai B qui chéu khac nhau
O vao.
Trén cac I8 qui chéu khac nhau véetvin tic a cia chit diém khac nhau. Bu
hé qui chibu O chuyén déng thing déu déi véi hé qui chidu O thi A = 0, ta c6:a=a .
Bai tap 1.9
Mot giot nudc mua foi thang ding Wi van tc v, = 10 m/s. Mt ngudi ngoi

trong 6t6 chu§n dong ngang ¥i van toc v = 10 m/s & quan sat thy giot nudc mra cé
van tic v’ bang bao nhiéu va dp véi pheong thing dirng mdt géca bang bao nhiéu ?
Pap $H:v =14 m/s ;a = 45
Bai tap 1.10

Trén ot dong song mdc chiy déu c6 \an to¢ v, = 10 m/s .Mt chiéc cand mén
gua sbng theo plong vubng goc & hai by, phai hudng niii cand \é phia throng ngwn
va hop Wi phuong vuéng géc &i hai by mot géca = 30, Tim van tdc candddi véi bo
Vcb.

Pap 6: Ve, =17,2m/s
V. Chuyén déng thiang thay déi déu
V.1 Pinh nghia

~ Chuyn dong thing thayddi déu la chugn dong trén q dao thing va c6 gia
toc a khongdoi. Mot chat dieém chuyén dong tr do theo pirong thang dung trén nit
dat la mot vi du thuc t€ veé chuyen dong thang thaydoi deu.

V.2 Phwong trinh van téc
Tu (1-28) ta co: a :% = const

Suy ra: dv=adt D)
L4y tich phan hai & biéu thic (1) theo tich phan khéng xa&mh:
J'dv=jadt=ajdt
v=at +C (2)

Hang $ C phy thuc vaodiéu kién bandau. Néu tai thoi diém bandau t = 0
van toc aia chit diem la wthi tr (2) tasuyraings C = .

Vay ta c6 plrong trinh \in toc cia cHit diém trong chugn dong thing thayddi déu:
v =at +ov (1-43)

Néu tai thoi diém bandau t = 0 \an toc bandau aia ctit diém v =0thi C =0
va phrong trinh \dn toc cia chit diem co ding:

v=at, (1-44)
V.3 Phwong trinh chuyén déng

Tir biéu thirc (1-16) ta cé:vz%
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Suy ra: dx = vdt (D)
Thé biéu thirc (1-43) vao (1) tduoc:

dx =vdt = (at +oy dt= atdt + ydt (2)
Ly tich phan Wu thic (2) theo tich phan khéng x&mh.

J'dx= ajtdt +V, J'dt

X=Yeat+ wt + C (3)
Dé tinh hing $ C ta &p dngdiéu kién bandau:
Néu tai thoi diém bandau t = 0 clat diém & vi tri xo thi tir (3) ta suy ra C =

Vay ta c6 plrong trinh chugn dong aia cHit diém chuyn dong thing thayddi

X = Y2 @t+ Vot + Xg (1-45)

Néu tai thoi diém bandéu t = 0 cfat diém ¢ goc toadd x = 0 thi C = 0, pong
trinh chuyn d@ong co6 ang:

X =Y at+ vt (1-46)

Néu tai thoi diém bandau t = 0 cfat diém ¢ goc toadd x = 0 va ¥in toc dau Vo =
0 thi phrong trinh chugn dong aia chat diem c6 ding:

x=Y%at (1-47)
V.4 Phwong trinh dgc lap thaoi gian
Ta c6 plrong trinh vin thc:  v=at +y (1)
Ta binh plrong hai \é (1):

V2= a’t? + \f + 2aty
2 2 242 l
Vi -\ = at +2at\6=2{§ af + yﬂ

Theo (I-46) tasuy ra :
Vi -\ =2ax (1-48)

Baitap 1.11

Mot dia tron ban kinh R = 10 cm athdau
lan khoéng tmot trén mit dudng ram
ngang, sao cho tam @a né chugn dong
vé6i gia thc khongdéi a = 2,5 cm/5. Sau
thoi gian t = 2s K tir lic bit ddu chuyén
dong i tri dia tron nhr hinh \&.

1) Tinh c d6 diém A d6i vai hé qui chiéu mit duong O,
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2) Tinh médun aia véct gia He diém A dbi véi hé qui chiéu mat duong O..

o o at?
bap d:vy=2at; a= 2 1+(2—)
r

Hwéng dan:
1. Khi dia tron Eng khong teot thi trong cung it thoi gian tam O vadiéem A
dich chugn mot doan duong king nhau.
2. Duing cong tirc adng véct van tdc v va véch gia be a
VI. Chuyén ddng trong treng trudng déu
VI.1 Téc @$ caa chat diém trong trong trudong déu

H.1.17

XA

Tu gbc toa dd O, ta kin ra ndt chit diém M véi van téc dAu v hop Vi truc
OX nam ngang Mt géca. Trong trdng hop nay Ay gbc thoi gian &i thoi diém bin t
=0.

Moi chat diém chuyen dong tr do trén it dat (bo qua lrc can aia khong khi)
véi d6 cao h << R = 6370 km (ban kinh tdét), chit diém luén luén co véetgia H¢

a=g = const c6 phrong thing ding, c6 chdu heéng xubng va cédo lén g = 9,81
m/s.

—

Tu (1-.23) ta cé:%:ézé — dv= gdt, dé tinh véct van toc v tai thoi
diém t ta tinh tich phan xatinh: ( é@n dudi tich phan thi diém dau t = 0, \in toc dau

Vo' CAN trén tich phanat thoi didm t van téc chit diém v)

Voot Lt
jd v:jgdt= gj dt
\;0 0 0
Suy ra: V-y, =gt
Hay: v=g.t+y, (1-49)
Chiéu biéu thic (1- 49) 1én tuc OX va OY, taduoc:
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- [v,=v,cosa
v . (1-50)
Vv, =—gt+\y sina

Ta c6 cong tic tinh Hc do cia chit diém trong tong trong déu:

M= \/vf +Vv2 = \/(vo cosa)’ + (- gt+v, sina)? (1-51)

V| clia chit diem tai moi thoi diém t.

T cong thrc (1-51) ta ¢ th tinh e do

VI.2 Phwong trinh quy dao

—

Tir (1-10) va (1-49) ta cov =‘2—tr — dr=vdt= (g t+ ) di, dé tinh véch vi

tri r tai thoi diém t ta tinh tich phan xatinh: ( én dudi tich phan thi diém dau t =
0, chitdiém o vitri r =0 ; @n trén tich pharat thoi diém t chit didm & vi tri r)

R R ﬂt ﬂt
(g.t+v,) dt= gj t dt+ \5[ di
0 0

vt
fai=]
0 0
FER P
Suyra:r _Eg't +v,.t (1-52)
Chiéu biéu thrc (1-52) I&én tac OX va OY, taduoc:
X = (V, cosa).t (a)
(1-53)

y=—%gt2 + (V, sina) t (b)

~ Bicu thirc (1-53) la plrong trinh chugn dong hay plrong trinh q§ dao tham é t cia
chat diem chuyn dong trong tong trong deu.
thé vao (b), taduoc phrong trinh q@ dao cia chit

Tu (a) ta suy rat =

0
diém chuyn dong trong tong trrong déu:
1 x?
29— % +xiga 1-54
29 vZcos a J (1-54)

Qily dao cia cHit diém |a mbt dudng cong parabol cdinh o S (H.1.17)
Tu (1-50) va (1-51) ta suy ra:
M’ =V2 = \Zcoga + g?t2- 2gty sim +  sifa =

y:

=\Vi(sinfa+cosa )\ 3y 6%g12+ (¢ sim )t =

=Vv;-29y

Hay:
Vv -\ =-2gy (1-55)
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T cong thirc (1-55) ta c6 té tinh Hc do

VI.3 P§ cao vadj xa

Xem hinh (H.1.17),di dinh S @&a quW dao véct van tic cia cHit diém v,

vudng géc i truc OY, nén hinh clii cua v, 1&n tuc OY king khong: y, = 0 , ir
(1.48) ta co
Vey=-gt + wsina =0
Suy ra cht diém t6i vi tri dinh S @a quy dao tai thoi diém:
(= v, sina (1)
g
Thé (1) vao (1-53), taduoc:

vZ sing cosa

Xg=—— (2)
g
2 ain2
y. = vZsin®a (1-56)
29
Biéu thic (1-56) la cong tirc tinhdo cao bn nht ys caa cHit diém.
T (2) ta & dang suy r@d ném xa aa cHit diém:
(ap ding cbOng tkkc todn: sin® = 2 sirBcoD )
)
X, = 2, = o SN (1-57)
g
Suy radé c6do xa Ibn nhit géc némo = 4%

Baitap 1.12
Mot thang may c6 khimg cach w tran d&én san 6m, chudn dong thing 1&n

nhanh dn trong tpng trong déu g = 10 m/8 Gia e cia thang maylol véi mat dat
la a = 2m?sTim thyi gian t @ia mbt vt roi tir tran thang mayién san ?

PapH: t=1s

CONG THUC VAT LY CH UONG 1
1/ Vi tri chat diém

1. Quan & gitta véct vitri r va cacdado x, v, z
=xf+y]+zl2 (1-1)
2. Trong chugn dong tron ban kinh r ta c6 quaé h

s =r8 (1-2)

=

3. Quan k giira véct dich chuyn vi phan ds va véab vi tri r
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ds = dr (1-3)
2/ Véclo van téc v
1. Quan I giira véct van tdc v va véct vi tri r
vV=— (1-4)

2. Quan I giita véct van tic v va vécb dich chugn vi phan ds

- ds
V=

= (1-5)
3. Quan I giita véct van t6c v van tdc tirc thoi v

V=Vvr (1-6)
4. Vécto van téc v trong bado OXYZ

Q:vxf+vyj+vzlz (1-7)

= == v =— 1-8
Y dt Y dt v dt (1-8)

5. Téc do coa chit diem M
vl =M = MErvevi= [[9) (), (d2) _
N J(dt] (2% a9
6. Van toc v aia chit diém M
a/ Trong chu§n dong thing

dx
=— 1-10
V= (1-10)
b/ Trong chugn dong cong
ds
=— 1-11
V=5 (1-11)

7. Trong trdng hop chit diém chuyén dong trén q§ dao tron, ban kinh r.
a/Ta c6 ¥9n téc goco

dég
=7 1-12
W= (1-12)
b/ Quan & giita Van toc v va \an tbc gocm
VIro (1-13)

¢/ Quan B giira véct van toc v va véct van thc goc w
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V=0wWXT1

3/ Vécio gia téc a

1. Quan I giira véct gia Hc a va véct van toc v

- _dv
dt

2. Quan I8 giira véct gia Hc a va véct vi tri r

- _d’r
dt?

3. Vécto gia bc a trong & toadd OXYZ
a=a i+a, j+a,k
_d’x._ _dy _ &z
a2 Yo T e

a,

4. Dj 16n hay modun aia véct gia e a

-

al

5. Gia tc a trong chugn dong thing:
dv
a=—
dt
dt
6. Gia ¢ tiép tuyén
a/ Giadc tiép tuyén
v
dt
b/Gia tc tiép tuyén a theo bado thang x
¢°x
dt’
c/ Gia fc tiép tuyén a toadod cong s
_d’s
a[ dt2
7. Giac phap tugn

a’[:
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s da2x)’ (dy) ¢z
TR \/(dtzj +(dtzyj { dtzj

(1-14)

(1-15)

(1-16)

(1-17)

(1-18)

(1-19)

(1-20)

(1-21)

(1-22)

(1-23)

(1-24)



8= (1-25)

8. Do lon hay md@un aia véct gia tc atheo gia éc tiép tuyén a va gia éc
phap tugn a,

_Jiia- \/ (%’jz . (ﬁjz (1-26)

r

a

4/ Téng hgp vécir van téc v va véct gia téc a

1. Cong thic ting hop véct van tc v

<!
1

Vv (1-27)

2. Cong thic tng hop véct gia B¢ a

a=A+a (1-28)
5/ Chuyén dong thiang thay déi déu
1. Phrong trinh chugn dong

X = V2 a’t+ vgt. (1-29)
2. Phrong trinh \an toc
v=at +\ (1-30)
3. Phrong trinhdoc lap thoi gian
VP -\ =2ax (1-31)

6/ Chuyén trong trong trwong déu
1. Phrong trinh chugn dong

r =%§ 2yt (1-32)
X = (v, cosa).t (a)

1-33
- —%gtz +(vysina)t  (b) (1-33)

2. Phrong trinh \n toc
V=g.t+y, (1-34)

- [v, =v,cosa

_ (1-35)

Vy = —gt+ \psina

3. Phrong trinhdoc lap thoi gian t
Vv -\ =-2gy (1-36)

4. Bo cao
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_Vsinfa

(1-37)

S

_VZsin2a

(1-38)

CAU HOI TRAC NGHIEM CHUONG 1

Cau 1: Mot chat diém chuyn dong thing c6 \an toc: v = - 4t - 2 (m/s). Yy chat diem
chuyén dong:

a/ Nhanh an

b/ Chm din

c/ Lucdiu chim din, sau nhanhan.
d/ Lucdau nhanh én, sau chm dan

Cau 2: Mot chat diem chuyén dong thing c6 \in toc: v = - 4t + 2 (m/s). ¥y chit diem
chuyén dong:

a/ Chm din
b/ Nhanhih
¢/ Lacdau nhanh an, sau cm din
d/ Lacdau chim dén, sau nhanhah.

Cau 3: Mot chat diém chuyn dong thing c6 phrong trinh chugn dong: x = -2¢ + 8t
(m). Vay chat diém chuyén dong:

a/ Chm din
b/ Nhanh dén
¢/ Lacdau nhanh an, sau chm din
d/ Lacdau chhm din, sau nhanha.

Cau 4: Mot chit diém chuyén dong trong nit prang OXY c6 plwong trinh chugn dong:
X = a sinot (M) va 'y = b cos t (m). Qi dao cia chit diém c6 ding ndo sau:

a/ buong tron

b/ Buong elip

¢/ buong lron song
d/ Puong thing

Cau 5: B} Trong trrong hop hinh &, chit diém M chuyén
M Y dong:

a/ Nhanh dn
. b/ Chim dan
c/ béu
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d/ Ldcdau chim dan, sau nhanhah

Cau 6: Mot chit diem chuyen dong trong nit prang OXY c6 phrong trinh chugn
dong : x = a simt va y = a cost. Vay chat diém chuyén dong:

a) déu

b) nhanh dn
c) cham dan
d) daodong

Cau 7: Mot chat diém chuyén dong thing c6 phrong trinh chugn dong : x = 2 + 3t
(m). Gia tc a @a chit diem bang:

a)a=0

b) a=2m/$§
c) a=3m/é
d) a=4m/é

Cau 8: Mot chat diém chuyan dong thing c6 plrong trinh chugn dong : x = 2f + 3t
(m). Vay van tc v aia chit diém tai vi tri x = 0

a)v=0

b) v=2ml/s
c) v=3m/s
d) v=4m/s

Cau 9: Mot may bay chugn dong trong tong trrong déu §. D6i véi mat dat may

bay c6 véat gia tc A. Tir may bay Bn ra ndt qua dan. Vay véct gia b¢ & cia qu
dan doi véi mat dat nhan biéu thirc nao sau :

a) a=A+g
by a=A-g
c)a=g-A
d a=g

Cau 10: Mot may bay chugn dong trong tong treong déu g . Doi véi mat dat may

bay c6 véat gia bc A. Tir may bay Bn ra nt qua dan. Vay vect-t gia ¢ a cua
qua dan doi voi may bay nhAn biéu thirc nao sau :

a) a=A+g
by a=A-g
c)a=g-A
d) a=g

Cau 11: Mot chit diém chuyén dong congdéu. Chon phat béu sai:
a) gia tc toan phn a khac khéng
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b) gia tc a = ds/df
c) gia t6c phap tuén a,= a
d) gia tc tiép tuyén g = 0

Cau 12: Mot chat diém ném thing dimg Ién trong tsng trong deu g. Tai d6 cao arc
dai gia toc cia Vat:

a)a=0
b) a>g
c) a<g
d a=g

Cau 13: Mot chit diém ném nghiéngdp voi mat ngang nit géca = 60, vai van thc
dau v, = 10 m/s. i do cao ac dai van toc cia chit diém:

a)v=0

b) v=3m/s
c) v=5m/s
d) v=6m/s

Cau 14: Mot chat diém dugc ném Ién thng dang i vi tri O. Goi t, la thoi gian chit
diém chuyén dong tr O léndd cao arc dai va b, = 2s la thyi gian chugn dong tir o
cao arc dai xuong li tai O. Vay:

a) ty=2s
b) t;, =3s
c) ty =4s

d) Ca 3 phrong &n condi déu sai

Cau 15 Mot chat d|em ném nghiéng trong dng treong déu. Hinh chéu aia chHit
diém 1én tuc OX nim ngang chugn dong:

a) déu

b) nhanh dn

c) cham dan

d) cham din hay nhanh &h ty theo cht diém chuyén dong 1én hay xéng

Cau 16: Mot chat diém ném nghiéng trongdng trrong déu dé c6 do xa arc dai thi
g6c nghiéng bang:

a)a =0
b) a =15
C) a =45
d) a =60
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Cau 17:Mot vat ném nghiéng ¢p voi mit phing rim ngang mt géca = 3¢, van toc
dau v,. Vat dat duoc d6 xa %. Vai cung \an toc dau v, , dé dat cungdd xa X, , co tte
ném \at véi mot goc nghiéng kha¢ bang :

a) ¢ =20
b) ¢ = 4C
c) ¢ =50
d) ¢ =60

Céau 18: Mot vat ném nghiéng cdo xa arc dai X, = 80 m. \y do cao arc dai tuong
ung Y, bang:

a) Yn=10m
b) Yn=15m
C) Ym=20m
dYn=25m
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CHUONG 2: CAC PINH LUAT NEWTON

Tham khao (doc thém)
1. Birc tranh \dt Iy téng quat aia thé gidi vt chat
1.1. TH gidi vdt chdt ciza ching ta

Quan séat chung quanhdmncéachdai thé ching ta thiy wit chdt ton tai dudi 2
dang:

- Dang treong: truong hip dan, trwong dién tr, songdi¢en tu: tia
gamma, tia X, tiat ngazi, &nh sang, Bing ngai, séng vo tuyn.

- CAc \it thé: cac ngbi sao, Mt troi, Trai dat, theec \it, déng it ...
CAc Vit thé duroc o tir cAc nguyénit
Nguyén# duroc ciu tgo tir 3 hat co ban: proton (p), neutron (n) va electron (e):
Hat electron (8:
« COkhiluong : m=9,1.10% kg
« Codiéntich: Q=-1,6.10°C
Hat proton (p):
* CO kWi luong: m, = 1,672.107" kg
« Codigntich: @ =+1,6.10"C
Hat neutron (n):
« CO ki luong: m,=1,674.10kg
e Cobdientich: Q=0
Hat neutron 1a lat khéng kgn. Khi ¢ trang trai tr do hut neutron 6n tai trong
khaing thvi gian 7= 900 s (7 duoC mi la thoi gian $ng aia hgt ) &2 phan ra thanh
cac hut ben khac:
n. p+e + v,
Hat V_e duocC i la phan hgt neutrino - electron, ong i la hat neutrino.
Mdc du trong & nhién lut neutrino @) ton ta rd'trlo’*n . Chiing ludn ludwiroc
phat ra i Mat troi va cac ngbi sao. Ning chl]ng dit hiem khi trong tac i vt chat
ching ta. Ht neutrino (e) c6 thé di qua tim chi (Pb) c6 b day hang ngan km ma
chuyén déng aia n6 khéng @iy may cbu mjt anh heéng nao. Ngay khidn dang doc
nhiing dong nay, thi hang nheutrino do Mt troi phat radang xuyén quaccthé bgn
va qua @ Tréi dat.
1.2. Bon logi twong tac @ bdn trong tw nhién
Sr vin dong (bién doi) va ciu trac aia Vit chit duoc chi phoi béi 4 logi tirong
tac @ ban trong & nhién.

al Twong tac yu:
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Dudi tc dong aia twong tac yu ta khongdo diroc trang théi lién kKt cia cac fat,
do wgy nd cli bieu hien chi yeu trong cac qua trinh phan réghva cac qua trinh co
neutrino.

Vi du:

n - p+é+l/

Ban kinh tac @ng aia trong tac yu: 10 m.
Twong tac Yu gay ra hén twong phong a tia B va S cia hat nhan nguyénit
b/ Twong tac nunh

Twong tac nay cé ki nang to dwoc sr lién kt. Vi di: nd gin cac nucleon
(p,n) ki véi nhau ko thanh lat nhan nguyénit Tuwong tdc manh tham giado ra phin
1ng nhet hach xiy ra trong long Mt troi va cac ngdi sao.

Ban kinh tac dng trong tac nanh o 10> m.
c/Twong tacdién tr

Tuong tacdién tr la twong tac gira cac lt mangdién i nhau va vi hat
photon. Trong tac nay co kihnang o ra sr lién ket. Vi du: ,né gin hat electron Vi
hat nhan wo thanh nguyéni tzo thanh phan:t, tao thanh khbi chat...

Ban kinh tac dng aia twong tacdién tr la vo cung é).
d/ Twong tac hip din
Tuong tac kip din 1a trong tac gira cac hut c6 khi luong, nd cé kh nang o

ra s¢ lién két. Chinh tong tac kip din hinh thanh cac thién éhtrong i tru: céc
thién ha, cac ngoi sao, Mtroi va cac hanh tinh...

Ban kinh tac gng aia twong tac kip din la vé cung ).

Néu coi arong dé twong tac nanh 1a 1, thi #ong tacdién tr vao & 10° — 10°,
twong tac Yu vao & 10 — 10" va trong tac hip din vao & 10%°. Nhr vdy twong
tac hip hin 1a trong tac c6 eong dg yéu nhit, roi dén trong tac Yu, trong tacdién
tir va trong tac nanh lon nhit.

1.3 . Ning lwong i

~ Cécdo dgat gan day hing kinh thién viéning nhr cac tzm khong gian cho
thay ¢ ngt luc bian — ning lwong i — lap day khong gian @ng rong, thlcday
tang ¢ sr gian no cua i try. Pén nay,\an chwra biet rd nang lwong i la gi.

1.4 Mt chat tdi

Phan I6n Wit chit trong i tru |& ti. Vat chit ti gan ket vii try lgi véi nhau. Céc
quan sat gn day ¥ dnh heong aia vat chat toi lén cu trdc \i try cho thiy rang no
khong giong wi bat ki dang Wit chat naoda biet.

Sy ton tgi ciia it chat toi da duoc dé xudt tr nhiing nim 1930, khi nha thiénim
Fritz Zwicky nkin thdy chuyn dgng qua nhanh:i@ hiy thién ha trong chom sao Coma.
Pé gidi thich chuyn déng quéa nhanh nayda phii co mst khoi leong Vit chit 16n gip
bén tram kin khoi lirong quan séthiroc xung quanh dy thién ha néi trén. Nghiénra vé
vt chit téi 1a mgt trong nhitng \in dé co ban aia vt ly thé ky XXI.
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Hinh dung ¥ ty I thanh plan vi try: nang keong ©i 73%, vidt chdt téi 23%, khi
Hidro, Heli & do, cac sao, neutrino, thanhgrhchit ran va cac phn con ki 4%.
2. Péi twong nghién aru ciia vt ly

~Vat ly hoc nghién @u cac qui ldit cia nhing ding vandgng (bién doi) co ban
nhat cua it chat.

CAc ding \Win dgng it ly bao gm:

1/ Vign déng @ S chuyn dvi vi tri cia cac it thé vi md trong khong gian theocdh
gian.

2/ Vign déng hip din: Qua trinh trong tac gira cac vit thé co ki luong.

3/ Vidn dong nhist: Chuyén déng hon logn cia mst tip hop gom nvt s6 lén hat nhee
phan ¢, nguyénd, ion...

4/ Vdan dong dien twr: Cac qua trinh #ong tacdién tr gira cac lat mangdién va
photon...

5/ Vdn déng nguyénit va phan #: cac qua trinh #y ra bén trong nguyén:t phan t,
twong tac gira hgt nhan va electron, ga cac electron trong nguyérk.t

6/ Vidn dong hat nhan: Cac qua trinhdy ra bén trong ht nhan, trong tac gira cac
nucleon...

71 Vgn d@gng cac fat co ban: Cac qué trinhong tac va hin doi cac hat co ban va
cau tgo cac hut co ban

_ Vandgng la thwc tinh @ia Vit chat. Lugng vé@n dgng aia vt chat 1a vén c6
san caa V@t chat. Trong qua trinhitong tac kong win dong aia mpt vat hay ngt he
Vit co the tang Ién hay gim di.

Nang krong 1a gi? Theo ngh khai quat, dng keong la $ do chung da vin
dong it chat trong cac hinh tic win dong khac nhau.

Mdi dang win dong it chit cu thé cé @ do ning keong as the:
« Vdndng @ co $ do ning hrong: Co ning
 Vdndgng Nhit c6 9 do ning krong: Nhigt nang
« Vandéngdién tr cé 9 do ning keong: Ning keong Pién tir
e Vdndong hat nhan co 8 do ning keong : Nang keong Hat nhan

~ Thee nghém ching % rang, tit ca cac ding \én dong aia vat chat deu co thé

chuyen héa tin nhau. Dad6 cac ding ning keong @ia win dong \at chat cing chuyn
hoa kin nhau.

Vidu: Conang <« Diénmng <« Nhit nang

Vi leong win dong aia npt hé ¢o kip kio toan. Nén éng keong aia mpt hé co
Iép aing tuan the,oi_inb lugt bdo toan ring krong: Ning krong khéng# sinh ra hay #
mat di, ma chi bien doi tir dang nay sang g¢hg khac. Nng krong aia mot hé co kip
khbngdoi.
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|. Cac khai niém mé diu
l.1. Chat diém cé ap

Chat diém cd kp la chit diém hoan toan khéng tham giaohg tac i bén
ngoai.
1.2. Hé qui chiéu quén tinh
Pinh nghia:

Hé qui chiu quéan tinh 1a &iqui chiu dat bigt madoi véi né mot chat diém co
lap ding yén hay chudn dong thing deéu.

NGi cach khaaiéi véi hé qui chéu quan tinh O véotgia ¢ acia cHit didm
co lap bing khéng:a = 0
Phan tich

~ Hg qui chiu O, chuyén dong thing déu déi vai qui chiéu quan tinh O thidaui

chiéu O, ciing la ¢ qui chiéu quan tinh.

Hé qui chiéu O chuyen dong cé gia dc a déi véi he qui chéu quan tinh O thi
hé qui chiu O, khdng plai hé qui chiu quan tinh.

Nam 1543 Copernicuﬂua ra md hinh ¥ try nhit tdm. Theo moé hinhivtru
nhat tam Mat troi nam yéngo trung tam ¥ tru.

Hé qui chiéu quan tinhdau tién Newton xay wing 1a k& qui chéu gin véi Mat
troi, con goi 1a he qui chiéu Galilei.

Ngay nay chdng ta & Mat troi 1a mot ngéi sao trong day Ngan ha (Thién ha
cia chung ta). Mt troi cach tdm @a Ngan ha khing 30.000 am anh sang. Ngan ha
tu quay chung quanh tam va con cémifiong doi véi cac thién ha khac. Nhvay Mat
troi khong phii dang yén hay chudn dong thing déu trong Vi try. Do d6 hé qui chéu
Mt troi chi 1& ke qui chéu quéan tinh nan dang.

Do Trai dit ching ta chuin dong tr quay chung quangutr va chugn dong
chung quanh Nt troi trén qu dao elip @n tron, trc Traidat khdngding yén hay chL@n
dong thing déu. Cho nén & qui chiéu gin lién v6i Trai dat khdng plai 1a hé qui chiu
quan tinh.

'Nhu vay hé qui chiéu quén tinh thedinh nghia 1a mot gisi han Iy thuyét. Trén
thuc t chiing ta hayisdung k¢ qui cheu gan vao Traidat lam ke qui chieu quan tinh
gan dung.

Cau héi
Hay chimg minh K qui chiu O, chuyén dong thing déu déi voi qui chiéu quan

tinh O thi & qui chiéu O, cing la ¢ qui chiu quan tinh.
1.3. Khéi lwgng

~ Khéi lugng quan tinh mia chit diém 1a dai lwong do quén tinh ga ctit
diem. Quan tinh ga chit diém la tinh clat kho thaydoi trang thai chugn dong aia
chat diem hay tinh cht duy tri tang thai chugn dong di cua chat diem. Chat diém co
khoi luong quan tinh m cangr thi cang kho thagoi trang thai chugn dong. Trong
hé don vi Quoc te (S.I) don vi caa khoi lwong l1a kg.
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Phan tich

Ngoai ki luong quan tinh Iq, vat con co Kloi luong hip din Mha. Khéi luong
hap din cia vat dic treng cho rc hap din giira cac at. Khéi luong Hip din myg cia
vit cang &n thi krc hip din gitta cac it cang 6n.

Vi du 1: Khdi lvong m trong céc Bu thrc sau 1a khi luong quéan tinh:

Vécto dong luong p: p=mv

binh luait Newton thir hai: F =ma

bong nming: Wy = %mv2
Vi du 2: Khoi lugng m trong cac Bu thirc sau 1a khi lugng hip din

- Trong lyc: P= mb

- Thé nang aia cHit diém trong tong trrong déu: W, = mgh

Thuc nghém do dugc khdi lwong quéan tinh va I luong hip din cia cung
mot vat la trong duong nhau: mj = myg. Do d6 de don gian ta throng gi chung la
khdi lugng m. Nhrng trén tng biéu thic cu thé can phan bit khbi lwong m 1a kioi
lwong quan tinh hay K luong Mp dan.

.4, Vécto dong lwgng p ciia chit diém

Véc dong lrong p ciia cHit diém Iadai lugng VAt |i do lweng chuyén déng
co cua chit diém. Pugc dinh ngha :

p=mv (2-1)
Vécto dong lrong f) cddo 16n:

p=mv (2-2)

Trongdé m la kkbi lugng quén tinh iga chit diem va pdugc goi 1a dong hrong
cua chat diem. Trong k& don vi Quoc &€ (S.1)don vi ciadong hrong la (kg.m/s)

Nhan xét Mot chét diém chuyn dong thing ddu thi véct dong leong p cua chit
diém khongddi (bao toan)

.5. Vécto mémenddng hrgng | cia chit didm.

.5.1 Pinh nghia vécr mémendong lweng | cia chit didm
Mot chat diém M chu;én dong trén q§ dao
cong ( C ). Ta tit 1ap hé qui chBu O ram

trén mit phing wa quw dao. Vécb mdmen
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(C) dong hrongl cia cHit diém M déi véi hé qui
chieu O duogc dinh ngha :

— -

= rxp (23)

Véi: p=mv 1A véct dong lrong aia

chat didm M va r 1a véct vi tri c6 dic tai O,
c6 ngon tai M.

Véct mdmendgng eong| cia chit diém 1a dai luong \at Iy do lwong chuyn
dong @ cua chat diem
Vécty mdmendong lugng |l cia cHit diém M:
e COd616n: | =rpsir (2-4)
Trong ke don vi Quic t (S.1) mémendong krong | codon vi (kg.nf/s)
e Véi: 8=(r,p)
« Vécty | co phrong vudng géc & r va p(vubng goc ¥ mat phing quy
dao)
« C6 chiu duoc xacdinh theo quiic ban tay phi: dit ban tay phi theo chéu
cia r , sao cho long ban tayrting theof), chiéu ngén céi dang ra la ¢
ciia véct | .
.5.2. Vécto mé-memddng lwgng | cia chit diém trong chuyén déng tron
Truong hyp chit diém M chuyén dong trén trén girdao tron tam O va ban kinh .
Ta c6 véat van tdc aia chit diém M: v =wxr

-

T !
1
3
< |

H.2.2

Ta c6 véat momendong leong | ciia cHit didm M déi véi O.

l =rxp = rxmv = mrxv=mrx(axr)

Ap dung cong tirc toan: ax (bxc)=b.(a.c) - c.(a.b)
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Ta suy ra: |l =mr’w-mr.(w.r)

Vi: (w.r)=0 do wOr

Nén: | =mrlw

Hay: = lw (2-5)
V6i: 1=mP ( 2-6)

| la mémen quén tinhacchit diém M dbi vai O.
Trong re don vi Qudc t (S.1) mémen quan tinh | aton vi (kg.nT)

Bidu thic (2-5) 1a véat mdmendong luong | cia cHit diém M trong chugn déng
tron.

Nhén xét Mot crfig diém chuyén dong trondéu thi véct mo-memdong luong | cia
chat diem khongdoi (bao toan)
[.6. Luc

Luc F la dai luongdo sr trong tac gita cac t. Trong & don vi Qudc # (S.1)
don vi cia luc la N (Newton)

Phan tich: Mot chit diem cd Bp, lrc tc ding Ién clt diém kang khong € =0),
luong chugn dong @ cha chit diem khéngdoi (bao toan.). Khi cht diém twong tac
véi bén ngoai, ta ndi di diém chiu tac ding nbt ngaei lucF , lwong chugn dong o

cua cHit diém ting 1én hay gim di. Nhu vay luc F phai lién quandén luong chuygn
dong @ ma clit diém nhin vao hay rft di trong qué trinhtong tac. & lién quandd
nhu thé ndao § duoc lam rdo sau.

.7. Vécte mdmen e M cia mot luc F déi véi diém O

H.2.3

Ta c6 nét luc F va mot diém O duoc chon trusce.

Vécty momen aa mot luc F déi véi diém O 1a véas M , duoc dinh ngha :

M=rxF (2-7)
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Véi: 1 la véch vi tri co dbc tai O, co ngn tai diém dat cua luc F
Vécto M :
e COdolon:M=rFsimt =Fh (2-8)
Trong k¢ don vi Qudc € (S.1)don vi caa mémentc la (N.m)
« Codiém dat tai O
e COphrongM Or ,M OF
« C0 chéu dugc xacdinh theo quiic ban tay phi: dit ban tay phi theo chéu
ciia r , sao cho 1dng ban tayrting theoF , chiéu ngon cai dang ra 1a éoi
ciia véct M .
~ Néulyc F truot theo plrong dia n6 thi mémeni@ lyc F ddi véi diém O khong
doi.

D& dang cking minhduoc: néu F = - F+ thi ting mémen ¢a hai lrc F va F-
dbi voi diém O hing khéng. (H.2.4)

A

M

H.2.4

E'/' 00
vM

Il. Pinh luat Newton thi¢ nhat — Dinh luat bao toan véctr dong lwong cia chit
diém
11.1. Pinh luat Newton thir nht
Phét biéu:

Trong nst hé qui chitu quan tinh mit chit diém cd kip, réu ding yén thiding
yén mai, au chuyn dong thi chuygn dong thing deu mai.
Phan tich:

Pinh Iudt Newton thir nhit con @i 1a nguyén ly quan tinh Galilei

Bai vi ndi dung caa dinh luat Newton thr nhat do Galileidua ra hn dau tién
vao ram 1638.

Chuyén dong aia mbt chit diém co kp dugc goi 1a chuyén dong theo quén tinh.
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Nam 1687 Newtordd ciu triic nguyén ly quan tinh Galilei thantbinirong ba
dinh luat co ban caa Co hoc.

~ Newtonda lAy noi dung dia nguyén ly quan tinh Galiledifth luat Newton thir
nhat) lam ey so @€ xay drng k¢ qui chiéu quan tinh.

11.2. Pinh luat bao toandéng lweng ciia mdt chat diém co ap
Phét biéu:
Trong mét hé qui chidu quan tinh véetdong keong p cua chit diém cd kip

-
bao toan: p=mv = const.

Phan tich:
Mot chit diém c6 hp (khéng trong tac i bén ngoai) thilweng chuyn

[,
déng @ cua chit diém khong thaydoi (bao toan): p=mv = const. Suy rachit
diém chuyén dong thing déu.

Nhu vay dinh lut bio toandong lrong aia mt chit diém co Bp vadinh luat
Newton thr nhat co cung Bn chat vat ly.

[ll. Pinh luat Newton thir hai
l1I.1. Phat biéu dinh luat Newton thir hai
Trong ¥ qui chiéu quan tinh véetgia c a cia mpt chit diém t 1¢ thugn i
téng hop ngari luc F tac cung I€n clat diém va 16 nghich wi khdi lwong m cia chit
diem .
Trong k¢ don vi Qubc % (S.1) ta c6 :
F=ma (2-9)

Biéu thic (2-9) la plrong trinh @ ban cia dong luc hoc va ch dugc ap ding
trong trong hop khoi lwgong m a@ia chit diem khong thaydoi .

Tur (2-9) ta suy ra:

F= dv _ d(mv)
a . dt
Hay : dp_g (2-10)

Vay : Trong hé qui chiéu quan tinh dao ham véct déng lweng f) cia chat
diém theo théi gian bing tdng ngaai luc F tac dung Ién cHit diém.

Bicu thirc (2-10) la plrong trinh dng quét éa dong luc hoc, co it 4p ding
trong trong hyp khoi lwvgng m a@ia chit diem khongdoi hay thaydoi .

Tham Khao (doc thém)
1/ Newton,|. (1643-1727): Nha Bae\i dai nguoi Anh, naroi da dat nen moéng cho
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khoa tc tr nhién hén dai, nquoi da sang éip ra o hoc & dién. Newton éing la
nguoi dat co so cho phép tinh vi phan va tich phan.

Nim 1687 Newtowa xuit ban cwn séach @i tieng “Nhing nguyén Iy toandt
cua triet hoc b nhién”. Tac plam chra dz_fng nhzng khai ném @ ban va cé}cdﬁinh lugt
cua co hoc @ dién, vi d nh; kh§1i ném khoi luong, dong keong, kec, gia be, badinh
lugt ciia Newtongdinh lugt hap dan...

Cac sangdo khoa lec cia Newtondong vai trodac biét quan tong trong fch
si phat trien vt ly.

2/ Dang toan lac cia dinh luit Newton tkr hai duwoc Newtorndira ra nam 1687 la cong

thirc ﬁ:%. Tir cOng thic (2-10) trong trong hpp riéng kidi liong m @ia chit

diém khongdai, ta suy ra cong the (2-9): F =ma. Nhe vdy dinh luit Newton tk hai
dwoc trinh bay nguyén ily qua ngt cébng @ toan hvc cao @p : dao ham

3/ Biéu thirc toan e aia dinh luit Newton th hai F :% bao ham & dinh luit

Newton th nhdt. Trong k¢ qui chéu quan tinh: mit chdt diém co lp (F = 0), hay

téng ngai luc tac ding 1&n clit diém hing khong € = 0) thi ﬁ:%:o. Suy ra
-

p=mv =const, déng keong aia chit diém hio toan, tic chit diém dirng yén hay

chuyén déng thing déu trong ¥ qui chiéu quan tinh.

4/ Binh luit Newton tht hai thidt Igp msi quan i toan e giza luc trong tac F va

luong chuyn dong @ duoc dat trung hing véct dong eong p. Theo biu thic

= :%, luc F 1 luong chuyn déng @, ma clit diém nhin vao hay nit di trong
mgt giay trong qua trinhitong tac.

5/ Theo béu thirc (2-9): F =ma, luc F S5 rét lén néu vécw gia tc a rét lén. Nguoi ta
thurong dua nhau hing cach @a sung nedc tré con. Nheng ben cé biét rang tia nwec co

thé cit dit mgt 14 thép day khdng? Cacdn hay tim héu cong ngté cit hing tia reréc
trén mgng. Google: @t bang tia nwdc.

[11.2. Pinh Ii bién thién mémenddng lwong cia chit diém

(C) Mot chat diém M chuyén dong trén q§ dao
cong (C), cdiong luong p vaduoc xacdinh

vi tri bang véct vi tri r d6i voi hé qui chéu
O.

Chét diém M chiu tac ding mot luc F ,
theodinh luit Newton thir hai, ta co:
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. dp
F=2P 1
it (1)

Ta nhan co6 fsng véct r voi hai Vé biéu thic (1).

—

- - d
FrxF=rx

1
!

o

2
" (2)
e« M=rxF:

3)

M |2 mdmen ta ngai luc F tac ding I&n clit diém M ddi véi diém O
d(- Y - = - dp » - - .
—|lrxpl|=vxp+rx— . VI vx p=0, nén:

FRTREES SREY:

dt dt @)
Thé (3) va (4) vao (2), tauoc:

dl I

=M
dt

(2-11)
Bidu thic (2-11) Iadinh Ii bién thién mémenrdong lwong | caa cHit diém M

DPgo ham véar mémendgng lwgng | ciia chit diém M déi véi diém O hing
véck mdmen lrc M déi véi diém O

Trong trdng hop chit diém chuyén dong trén q§ dao tron ban kinh r, theo (2-

5)taco:l = | w. Tir (2-11) ta suy ra:
dl_d o 990, 5
—=—1 == M
at "ol D g T AE
Hay: | B=M

(2-12)
Vi | = mr® |a md-men quén tinhia chit diém M déi véi tm O

Dinh Ii bién thien mémedsng lwong | cia chit diém M 1a ndt dang toan lac
khac @ia dinh lugt Newton thr hai

63



Néu mémen ngai luc tac ding 1én clit diém king khong:M = 0, thi tr (2-11)

.

ta suy ra moémedong krong aia cHit diém bio toan: | =r x p = const,

Nhan xét:
- Phrong trinh | B=M co cang trong duong i ma= F
odl - L dp_ =
- Phrong trmha =M c06 cang trong duong i i F
Phéan tich
Céc \é tinh nhan 40 hay Mit tring chuygn dong chung
@ ) quanh Traidat luén ludn chu tac ding mbt trong fec P ¢

phuong chéu heéng vao tam O wa Trai dat, ttc ngroc

chiéu vai vécto vi tri r .

Cho nén mdémen i@ tong luc P ddi véi tam O trai dit bing khéng:
M =rxP=0. Suy ra momemrong hrong | cia cac ¢ tinh nhan 4o hay Mit trang
bao toan. Vi véat | vudng goc wi mat phing qu dao, nén nat phing quy dao cia cac

vé tinh nhando va Mat trang ding ko toan trong khdng gianyd gitr co dinh trong khéng
gian.

Tuong ty do mémem cia lyc hip din F caa Mgt troi tac ding Ién cac hanh
tinh trong & Mat troi doi voi tam O @a mit troi bang khdng, nén mémetdng rong
| cia cac hanh tinhao toan. Bin dén mit phing qu dao cia cac hanh tinh dich
dinh trong khong gian.

111.3. Chuy én ddng ciia cac \it co khoi lweng thay doi

Trong nhéu trwong hyp chuyn dong aia vt ¢6 khbi lwong thaydoi theo thi
gian. Mot vi du dién hinh la chugn dong aia tén tra ma cac khi nhiénélil thoat ra.
Vi du khac la chugn dong aia giot nugc mua khi khoi luong aia né &ing 1én do hp
thu hoi nuéc, hay lang ti trong cac M ma thandugc do6 Ién no.

Theodinh luat Newton thi hai ta c6:F :%

Suy ra argi tac ding aia ngai luc F , véct dong lrong f) cia \at bién thién
mot luong:d fo: F dt.
Ta lay hé qui chiéu mat dat 1am k¢ qui chéu quan tinh O.

Tai thoi diém t vat c6 khoi luong thayddi M(t) va van toc v. Ta ga thiét trong
khoang thoi gian vi phan dt, kbi lugng aia Vat thaydoi di mét luong la dM, con véet

van t5c caa khbi luong thém vao (hayds di) ddi véi vat 1a u.
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Nhu vay vécts van toc aia khdi luong dM déi véi hé qui chéu quéan tinh it dat
O la v+ u. Khéi lugng dM thém vao haydbdi cia \at Iam cho véat dong krong p cia

vat bién thién ndt lugng: dM (v+u).

Tom ki dudi tac ding dia ngai luc F va sr thay ddi khéi lwong dM dia vat

trong khang thyi gian vi phan dt véotdong hrong b cua vat bién thién ndt luong:

d p= Fdt + dM (v+u)
Chia hai ¥ (1) cho dt tatuoc:

dp_- dM,- -

—=F+——(v+u
dt dt( )
Mat khac ta co:
dp_d =My, y dv
dt dt dt dt

So sanh (2) va (3) targc:

mav _dM -

dt dt

Véi:

(1)

(2)

©3)

(2-13)

(2-14)

« Déivéitén lra T 1a luc ddy coa tén tra do Kidi khi phut ra tac a@ng Ién

tén kra, N6 ngoc chiéu v6i u, vidM < 0

e F langailuc tac ding Ién ténia.
« Biéu thuc (2-12) la plrong trinh Mesherxkiduoc dua ra m 1897.
Biéu thic (2-12) 1a dng toan lac khac ga dinh luit Newton tit hai, &p ding

cho tén#a.

Néu tén fra chuyn dong trong tong tnrong. Bé tén kra di 18n ting e, uc day

T cua tén ira phii 16n hon trong luc P tac ding Ién ténta.

Truong hop ngaii lucF tac ding 1&n ténta khdngdang K so Wi luc day T ciia

tén kra. Tur (2-12) ta suy ra:

Mdv = dMu

Chiéu I&n chéu chuyn dong aia tén tra tadugc :

Mdv = - udM
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Hay : dv. = - u—

Gia sr lGc dau van toc tén fra bking khéng va kbi luong M,, liy tich phan ta
duoc :

v = uln |\I/\|/|o (2-15)

Biéu thirc (2-14) la cong tic Xidncopxki.
Pit Mg = M, + M;, v6i M, & khji lugng nhién gu va M 1a khdi luong thiét bi.
Tir (2-14) suy ra §n toc tén fra khi chay Bt nhién lgu .

_ I\/II -
v = uIn(1+M—t) (2-16)

Phan tich:
Tu (2-15) ta suy ra:

Yo (1...&)3 eu :1+&

u M, .

Thong throng van toc phut khi u = 3km/s, §n toc Vil try cAp | 1a \an toc dé cac
vé tinh chuyn dong trén q§ dao tron chung quanh tréat v, = 7,9 km/s.

c | <

:E: 26 :eﬁ =26 :]_3’5:1+&
3 M

t

Vay: % =125 ¢6 nghadé dua 1kg thét bi 1én qu dao phai tén 12,5 kg nhién
t
ligu. Kho khin nay c6 th vuot qua king cach ding ténirk nhiu ting. Ngroi dau tién
dua ray trong tén tra nheu tang la Nha Bac éc ngroi Nga Xiéncopxki (1857-1935).
Va Mesherxki (1859-1935)iag la Nha Bac éc ngroi Nga.

l1l. 4. Kh 40 sat chuyén déng cia chit diém trong hé qui chiéu khéng quan tinh
Ta codinh luat Newton thir hai aia cHit diém M tronghé qui chiéu quan tinh
O:
F=ma 1)
Néu khao séat cht diém M trong hé qui chiéu khdng quan tinh O chuyén

dong déi véi hé qui chiéu quan tinh O §i gia Bc A . Theo cong tic ting hyp gia e
ta co:

- — N

a=A+a = a=a-A
Nhan hai ¢ cho kibi lugng m @a chit diém, tadwoc:

= ma =ma-mA
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Theo (1) ta cé:

ma = F+F, (2-17)
Trongdo:

« F latng ngai luc trong tac tac dng I&n clit diém

—

¢ F,=-mA (2-18)
. F;t duoc goi la luc quan tinh,dc quan tinh khéng co6 ph luc.

« Luc quéan tinhF,, ciing phrong va ngroc chidu véi gia the cia ke qui chiu
khéng quan tinh.
Nhan xét:
Khi khao sat cht diém M trongh¢ qui chiéu quan tinh Q Phrong trinhdong lec
hoc aia chit diém ladinh luat Newton thir hai c6 dng:
- ma=F
- Véi F 1a tng ngai luc twong tac, tac dng 1&n clit diém M, tuan theatinh
luat Newton thir ba.
Khi khao sét chit dicm M trongh¢ qui khong chéu quan tinh O. Phrong trinh
dong luc hoc caa chiit diém co ding:

- ma =F+F,

- Véi F 1a tng ngai luc tuong tac, tac dng 1&n clit diém M, tuan theatinh
luat Newton thir ba.
- Vi F, =-mA I lyc quan tinh, khong ghla luc trong tac, khéng tuan theo
dinh luat Newton thir ba.
Phan tich:
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Gia sir hé qui chéu O din lién vao nit dat 1a hé qui chiéu quan tinh Mot O-t6
chuyén dong trén nit dat véi gia toc ,A. Trén 6-t6 c6 treo Bt con kc M. Mot quan sat
vién A dung trén nit dat ( hé qui chéu quan tinh O) va ko sat condc. Boi véi quan
sat vién A condc chuyén dong Wi gia tbc A. Theodinh luat Newton thi hai:

F=P+T=mA

Nhu vay tong ngai luc trong tAcF tac cing 18n condc M cé cung phong

chiéu v6i gia A cia O-t6.Dé tdng ngai luc twong tacF tac ding Ién condc M co

cling plrong chiu vsi gia A ciia O-td thi plrong aia con fic phai huéng @ phia sau.

Néu phrong con fic thing dtng hay hréng & phia tréc € khéng tuan theo
dinh luait Newton thir hai.

]

A
i o SN e

Quan sat vién Bitng trén O-to (W qui chéu khong quan tinh @ Doi voi
guan sat vién B comad ding yén ( c6 giadc hing khéng), nirng ©Hng ngai luc

twong tac tac gdng Ién condc M: F =P+T 0 (khac khong). Conit khong tuan theo
dinh Iudt Newton thir hai. Bé giai thich ding hién twong con fic dang yén. Quan séat

vien B phi dua thém mt dai luong hiéu chinh: F, =—-F =-(P+T)=-mA. Hay

F,+P+T=0 (1) : Theo (1) conit M ding yénddi véi B.

bai lvgng héu chinh F;t duoc goi la luc quan tinh. krc quan t|'nh|5qt chi co
khi quan séat cit diém trong I¢ qui chéu khéng quan tinh.

Anh A chy anh B trén xe may. Xe méakang chy thing déu trén nit duong.
Anh Cdangding trén nit dudng. Xe may hdm phanh, anh B “nhi phia teroc”.

Anh C ding trén nat duong (R¢ qui phéu quan tinh O) gi thich hén tugng
anh B “nhti ¥ phia tréc” la do anh B chugn dong theo quan tinh. Con anhoAtrén
xe may (B qui chiéu khéng quan tinh) gi thich hén twong anh B “nhui @ phia
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trudc” la do anh B btac ding mot luc quan tl'nhlfqt =-mA hudng Vé phia tirdc, do

xe may chugn dong chim lai va gia 6c xe mayA huéng  phia sau.
IV. Pinh luat Newton thir ba -Pinh luat bao toanddng lwong cia hé chat diém co
lap
IV.1.Phét biéu dinh luat Newton thit ba

Trong mdt hé qui chiéu quan tinh , éu chit diém M, tc dung |én clat diem M,
mét luc F,, thi ngroc lai chdt diém M, cing tac ding 1&n clat diém My mét luc F, .

Hai luc F, va F, clng plrong ngroc chiéu va ciingis lon .

F,+F,=0 (2-19)
Mlo—> ——————————— —4—-——-—-—-—-———.M2
F, F,

Suy ©ng ra tng mi luc caa Mt hé cd n cht diém bing khong .

F =0 (2-20)

n
i=1

IV.2. Pinh luat bao toandéng lweng aia hé chat diém co Ap

Gia s ta ¢0 1§ hai cHit diém M, va M, c6 Ap.

Theodinh luat Newton thir ba ta co:

F+F, =0 (1)
Theodinh luat Newton thr hai ta c6:

- R :% la lwc chit diém M, tac ding I&n clat diém M, (2)

F, = 9P 13 lyc chit diém M, téc ding Ién clit diém My.(3)
2 dt

Thé (2) va (3) vao (1) tawoc:

d_lsl +_d 62 =
dt dt
. d .-
Hay: a(lol+ p,)=0

69



.

Suyra: |51 + 62 = const (2-21)
Vay tong dong hrong aia ke hai chit diém cé Bp bao toan.
Suy ©ng ra tng dong krong aia mdt hé ¢d kp bao toan

P=3"p =

i=1

m ﬁ/: cons (2-22)

n 00
i=1

Phan tich:

Dinh luat Newton thi hai thiét 1ap mbi quan I gita dinh luat bao toan
dong lhrong cia ke chat diem cé Bp vadinh luit Newton thr ba.

Tu dinh uat bao toandong lrong aia ke chit diém cé Bp, ap ding dinh
luat Newton thr hai, ta suy rafinh luat Newton thr ba va ngoc lai.

binh luait Newton thr hai cang toan lc ﬁ:% lam sang d: dinh luat

bao toandong lrong cia hg chat dieém coé Bp vadinh luat Newton thr ba c6
cung nmdt ban chat vat ly.

—

Theodinh luit Newton thir hai F :%, luc F 14 lugng chuyn dong e, ma

chat diém nhin vao hay rt di trong ot giay trong qua trinhubng tac. Cho nén trong
mot hé chat diém c6 hp M; va M,, néu chat diem M; mat di mot lugng chuyn dong

co F, trong qua trinhuong tac thi cht diém M, s nhan ding Hing lwgng chuyn
dong @ F, = - F, ma M, mét di.
Ap dung:

Ta xét nt hé c6 khbi lwgng (M + m )dang chugn dong Wi van toc \q/lqdéi voi
hé qui cheu O — n&it dat. Chang han @6 la k¢ gom sangdai bac vadan chuyn dong
trénduong ray. Ta ca@ong rong aia he:

|51 =M \71 + m;/l

Gia sr saud6 dai bac kin ngroc chiéu chuyén dong, van toc dan déi véi sing 1a
u tac déi véi mat dat 1a vi+ U , van t6c ciadai bac sau khi fn v, . Dong lrong aia
hé sau khi @&n:

|52 =M \72 + m\71+mﬁ

Theodinh luat bao toandong hrong, ta co:

1
1

=
N

Mv,+mvy = M v, + mvi+mu

M vi = M v, + mu

Suy ra vn téc aiadai bac sau khi n:
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- - mﬂ
Vo =Vi ——U
M

Chiéu lén phrong chBu chuyén dong aia dai bac taduoc:
m
Vo =V, U

Nhu vay sau khi Bn van toc cia dai bac ting va ki lvong aia he giam. bay
chinh 1a hén twong git IUi cua stng sau khidm. Néu ban lién wic thi van tic dai bac
tang lién tic va kidi lugng aia ke giam lién wc. Vay gia Hc aia sting dodc tacdong
cuadan 1én sung khi fn.

V. Pinh luat hap din cia Newton
V.1.Pinh luat hap din cia Newton (Nim 1687)

Hai chit diém c6 ki luvong M va m cach nhau ¢h khaang r. Chit diém M
hat cHit diém m mbt luc Kp din F , ngroc lai m ciing hat M nét luc hap din F . Hai
lucF va F cung phrong ngroc chiéu va cungid lén:

F=F :G@ (2.-23)

Véi G 1a hinh $ hip din dugc xacdinh king thrc nghém:
G = 6,6 71NmM* kg?

M e —>* M H.2.6
F
Tur hinh \& (H.2.6) va (2-23), ta c6:
F=-gMm, (2-24)
r

Trongdo:
* F lahip din cia M tac ding Ién m

e 1 lavéct co gc tai M va ngon tai m

M vam la kfi lugng hip din cia chit diém, khoi luong Hap din cang én
thi luc hap oﬁn, cang én, theong i don gian la khoi lwong. Thec ngheém
da xacdinh khoi lugng quan tinh va ki lugng hap ddn ola cling mit chat
dieém bhang nhau.

V.2. Trong luc
Luc hp din cia Traidit tac ding I&n ndt vat goi Ia trong lecP. Néu ta xem

Trai dat cé cing ciu. Tir (2-24) ta c6 tng lrc tac ding 18n ndt chit diém ¢ phia trén
mat ddt

p=- G@ r (2-25)
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Véi 1 1a véct o dic tai tam Traidat va ngn tai m va M 1a kibi luong Trai
dat .
Trong lec P:
M.m
r2

(2-26)

« CO6 phrong qua tam Tréadat
« Co6 chBu huéng vao tam Trédtit
Phan tich:
1/ CH dugc ap ding cong tirc (2-23) va (2-24)¢ tinh krc hap din trong cac trong hop
sau:
« Hai vat M va m la hai cht diém, trc kich thréc caa hai vit nho khéngdang K
S0 Wi khoang céch r gia hai \at.

* Hai vat M va m la hai kbi cau, véi r 1a khaing cach gia hai tam khi cau.
Trong trong hyp nay khongioi hoi yéu kich thrée hai kioi cau phai qua nho
SO \Oi r.

* Vat M la mot khoi cau va \at m la not chat diém, tirc kich throc cia vt m phii
qgua nld so Wi khoang cach rit mden tam khi cau M.

2/Cong thirc (2-25) ch duoc 4p ding cho clt diem m ¢ vi tri tir mit dat tro 1en.
Khéngduoc &p ding cong tic (2-25) cho chi diém mdat & dudi mat dat.

Ta c6 cong thc tinh tong ec dbi véi chat diém mo dudi mat dat:
M. m

Vi r la khaing cacht chit diém mdén tam Traidat va R 1a ban kinh Tréat.

Cang xéng sau doi mat dat thi trong lyc tac ding Ién clat diém m cang nb.
Tai tdm Traidat trong luc tac ding |én clat diém m king khéng.

~ Nhu vy tai mat dat trong Iec 16n nhat, cang 1én cao éng luc cang nh va cang
Xuong sau aai mat dat trong lec cang ni.

V.3. Trwong hip din

Moi vat thé co khi luong déu gay ra trong khong gian chung quanh ngt m
truong Hap &n. Treong hap din 1a mdt dang VAt chit lan truyén trong khéng glanamg
van tdc aia 4nh sang. Tinh &hco ban aia tnrong Hp din 1a tc dng |én it thé dat
trong trong Mot lec Map din. Treong Hap din cia Traidat goi 1a trong treong.

Tuong tac Ap din gita cac dt dugc thye hién thdng qua trong hp din cia chiing.

Nhu vay twong tac Bp din gitta hai clat diém khéng phi 1a trong tac &rc thoi
Phan tich:

Chung ta tirong noi Traidat tac ding 1&n clit diém m mot trong luc P. Pay 1a

cach noi theo théi quen, mhg khongdung Wi ban chit vat ly. Chinh tong tnrong
cua Traidat méi tac ding tnrc tiep 1€n chat diem m, chir khdng plai Trai dat.
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V.4. Véclr gia toc trong truong g

Ta c6 tong hrc cua traidat tac ding 1&n clat diém m

|5 _ Mm - (1)
r
C6 thé viét lai biéu thirc (1):
P =mg (2)

Néu h¢ qui chiu gin vao Traidat 1a k¢ qui chéu quan tinh. Thedinh luat
Newton thr hai, ta c6:

P =ma (3)

Tu (2) va (3) ta suy ra véegia B¢ tong trong g .

a=a=-f§”; (2-27)

Vay véct gia 6C trong treong g ciia nmbt chit diém trong tong treong co
phrong chéu hedng vao tam Trédat va codo 16n:

GM
=2 (2-28)

Do 16n g aia véct gia He trong tnrong é duoc goi 1a gia B¢ trong trrong.
Ta c6 giadc trong trrong ki mat dat.
g, = GM
0o =R
Trongdé R = 6.370 km |a ban kinh Tréat.

Cac cong thc (2-27) va (2-28§iugc din ra i diéu kién Traidat co cing cu
va ke qui chiéu gin vao Traidat 1a ke qui chéu quéan tinh.

Phan tich:
Thuc € Trai dat cé cing cep rad xich dao. Traidat twr quay chung quanhuic

va chuyn dong chung quanh Bt troi. Do d6 néu doi hoi chinh xac B qui chiu gin
vao Traidat la h¢ qui cheu khéng quan tinh.

(2-29)

Cho nén giadc trong trrong do duoc trong thrc & con phi thude vao ¥ do, do
luc quan tjnh li tdm chi @h . Gia 6c ¢ xich dao nhd nhat g, = 9,78 m/$, & hai dia
cuc 16n nhit g, = 9,83 m/$.

Ngoai ra giadc con phi thuoc vao véct van toc ’\7 cia Vt, do lyc quan
tinh Coriolis chi pbi. Trong tinh toan ngoi ta theong lay gia He trong treong
déu g, = 9,81m/$

Vi ban kinh Traidat R I6n, nén mi chét diém chuyen dong tr do gin mit dat
c6 gia tc g gbng nhau va ing g,.
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Cau hei:
Hay gii thich hén trong thiy triéu
VI. Tr ong lwong

Trong lrong ladai lwong lrc ma vt tAc ding Ién giadd hay day treaié n6
khéng oi thang xwong trong tong trong.

Gia sr ta c6 ndt vat dit trén san thang mayohig hop luc tac ding 1én \at.
f =P+ N
Theodinh ludt Newton thr hai. Ta c6:
ma=P+ N (1)
Trong doé N la phin lyc phap tugn ma san tacwhg 1én \it. Theodinh luat
Newton 11l vt tac ding 1&n san @t luc: Q= -N. VayQ chinh la tong lwong aia VAt

Tu (1) suy ra:
S=ng 3 (2-30)
Néu thang mayiting yén hay chudn dong thingdéu a = 0 . Suy ra;
Q=mg="P
Trong trong hop nay tong hrong é cua Vat bang trong hrc P tac ding |én

vat. Nhung cddiém dit khac nhauP codiém dit trén \at, con Q codidm dat trén
san.

Truong hyp thang may co gidt a huéng I€n.

Chiéu (2-30) lén plrong thing dang hréng xudng. Ta
N dugc: Q =m (g + a )y P . \at ¢ trang thai fing trong .

® Truong hop thang may c6 giabt a huéng xuing.
Chiéu (2-30) lén phong thing dang hréng xubng. Ta
duoc : Q=m(g-axP.\ato trang thai gim
Y trong.

o
o)

Truong hop thang maydi xuéng cé giadc a= g. Suy
ra Q = 0. \at ¢ trang thai khdng wng luong.

VII. L wc lién két
VII.1. L wc cing

Khi tac ding I&n haidau syi day hai trc clng plrong ngroc chéu, i day &
trang thai b cang. Khi i day ¢ trang thai b cang, tai moi dieém trén i day co irc
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cing T, c6dd 16n gibng nhauDo 16n T aia luc cing T bing dé 16n aia luc kéo @ng
tac ding ¢ haidau day.

Tham khao (doc thém): Pa-kng

[ J
i o) Re1
| Re2
[ ] RTl
\
./ Rro
K
F ? M

1/ Trén hinh H-1 & M duoc treo trén hai gi day. i day tac ding Ién it M mpt luc
T hwéng 18n. Traiddt tac ding 18n vit M mpt trong luc P huéng xusng.

Theadinh lujt Newton ti hai ta c6: P+2T = 0. Chidu Ién chéu drong thing
ding heong xwng . Taduoc: P—-2T =0 hay T =P/2
2/ Hinh H-2 1a nét Pa-king gym c6 ndt rong roc & dinh R: va mdt rdng roc tr do R.

Vat M duoc treo o té}m aa rong roc ty do R . Sm da){ dwroC cot vao tém ga
rong foC Co d_inh R réi quan Xwng rong oc tr do R, roi quan Ién rong pc 07 dinh
Rc , roi kéo xuwng diem K. Khi luong aia rong oc va o1 day khdngdang ke va kw

qua. Nu ta tac dng lénddu day K nét luc F, spi day ¢ trang thai b cing. Dé Ion
cua luc aing T bdang dé lén cia luc kéo éng F: T =F.

Tir hinh \& H-2 ta thiy théng qua rongdc tr do R- c6 haiddu day tac dng 1én
vat M. Mdi ddu day tac dng not luc T huéng 1én.

Néu ta tac ding 1éndau day K gt luc F hwéng xung dé gii vat M ding yén
haydi 1én thing deu.

Ap ding dinh lugt Newton th hai cho vit M, ta c6: P+2T =0. Chiu Ién chiu
dwong thuing dirng heong xwng, taduoc: P —2T =0 suyra T =P/2 hay F = P/2.
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Nhe vy, réu luc 1i da cia bgn chi c6 thé nang 1en mit vat c6 kivi luong:
M= 50kq thi thdng qua Pazhg cg’) ndt rong roc @ dinh R va nt rong roc tw do R
ban c6 te nang Ién it vat c6 khvi luwong M = 100Kkg.
3/ Trén hinh H-3 la @t Pa-ling @m hai rong pc & dinh Ry, Ry ndi véi nhau va
hai rong oc tw do Ry, Ryynoi véi nhau.

Vat M duoc treo vao tamzm rong nc Ry, . S)’i daydwac Gt vao tam ga rong
roc @ d‘znh R, r6i quan xwng rong be tir do R4, réi qudn 1én rong pc 00 dinh R,

réi quan xwng rong pc tr do R , réi quén Ién rong oc codinh Ry, , roi kéo xudng
diem K.

Ta thiy théng qua hai rongac tr do R4 va R, ¢ 4dau day tac dng [én it
M. Ta suy ra F = P/4.

Nh vy, réu lyc i da cia gn chi c6 thé nang Ién mit vat c6 khdi luong:
M= L—}Okg thi thdng qua Pait]g co 2 rong oc @ dinh R-va 2 rong oc v do R- ban
c6 the nang Ién mit vit c6 khvi luwong M = 200Kkg.

Truong hpp Pa-king c6 n rdng oc tr do va n rong sc & dinh, ta c6 cong tc
sau:

-P
2n

Néu lyc i da cia bgn chi ¢6 the nang Ién mit vat cé khdi lwong M = 50Kkg thi
ban can Pa-king c6 10 rongdc @ dinh va 10 rongdc tw do d@é nang nat vt co ki
lwvong M =1000kg.

Sinh vién# tim héu nhingng ding khac ga it Iy d@é ché tai nhiing ding a
ma nly n6 cé tle nang nat vat co khi luong lon wi tac dung I1€n ding a: Mot luc
nho.

VII.2. L wc ma sét tnrot
VII.2.1. L wc ma sat nghi

Mat vt A nim yén trén riit phing im ngang B. Tacuhg Ién A mbt lucF
nam ngangsao cho A an con mm yén trén B

Vi tac ding aia trong huc = vat A tdc ding 1én nat B mot luc nén 65 vuong
goc \WGi mat tiép xac A-B.
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Véi tac ding aia lrc F vat A tac ding 1én nit B mot luc f, tiép tuyén véi
mit tiép xuc A-B.
Khi d6 A tac ding lén B nft lyc nén éng hyp S = f, + p,. Theodinh luat

Newton thr ba niit B tac ding Ién A nt phan luc R= - S . Ta phan tichR = N +

- V6i N=- p, lathanh phn phap tugn cia phin lycR

- VA f_=- f, la thanh phn tiép tuyn cia phin luc R duoc gi a luyc ma sat

Nhu vay luc ma sat ngh fs |a thanh phn lyc ma nit B tAc ding 18n it A, co
phuong tiép xuc \6i mit tiép xic A-B, c6 tac dng lam can ing luc, dé giir vat A dang
yén.

Néu ta ting lucF thi .8 ting. Khi A bt ddu chuyn dong lrc ma sat nghdat
gia ti cuc dai f5,. Tur thi ngh&ém xacdinh dugc:
sof= ko N (2-31)
Trongdo:
- ko la ke sb ma séat ngh
- N Ia thanh phn phap tugn cia phin luc R, N king gia ti luc nén vuong
goclénnmtB: N=ps.
Chay:
- Trong twong hop hinh & trén rc F nam ngang, song songsivmit tiép

xuc A-B thi N = P = mg. Nimg trong terdng hop tong quat rc F khong
nam ngang , khéng song songiwnit tiép xic A-B thi N# P = mg.

- Dé vat A truot trén niit B lyc F tAc dng lén \it A phai thoa mandiéu kién:
F> 1:so

VII.2.1. L wc ma satdong
Khi vat A chuyén dong trén nit ngang B thi thanh gh tiép tuyén cia phan luc
R 1a lyc ma sationg f . thuong duoc goi 1 lyc ma sat.

Luc ma satf . la thanh pin lyc ma nat B tc ding 1én vit A, c6 phrong tiép
tuyén v6i mat tiép xac, cé chiu ngroc v6i chiéu chuyén dong aia Vat, cddo 16n duoc
xacdinh kang thxrc nghém:

msf= KN (2-32)
Trongdo:
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- kla he sb ma sationg phi thuoc vao kin chit cua vat va trng thai I8 mat
tiep xdc

- N la thanh phn phap tugn cia phin luc R, N bing gia ti luc nén vudng
goc |én nit B

- NOi chung trc ma sationg f.,s nho hon luc ma sat nghcuc dai f, .

- Néu vat A tac ding Ién nat B mot luc nén éng hoyp S vubng goc i mat
tiép xtic A-B thi lrc ma satf __=0vaR = N.

- N6i chung trc ma sationg fr.s phu thuoe vao in toc v aia chit diem. Tuy
nhién, rku chat diém chuyén dong Wi van toc v nhd thi co tie xem nhr luc

ma saff _. khong phr thujc vao vin tic v.

CONG THUC VAT LY CH UONG 2
1/Mé dau
1) Véch dong leong p cia chit diém ladai luong at Ii do luweng chuyén dong
co cua chit diém:
p=mv (2-1)

2) Véctr mdmendong lugng | cia cHit diém M déi véi hé qui chéu O

- —

= rxp (2-2)

3) Vécto mémendong lrong | cia cHit diém M trong chugn dong tron
I = lw (2-3)
| =mf

4) Vécty mémen da mot luc F déi voi diém O 1a véat M

-

M=rxF (2-4)
2/ Pinh luat Newton thir hai
1) Pinh luat Newton thir hai

- F=ma (2-5)
- dp
- F=—"- 2-6
m (2-6)

2) Dinh Ii bén thién mémerdong luong | cia cHit diém M:
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di _
- =M 2-7
o (2-7)

- Trong trdng hop chit diém chuyén dong trén q§ dao tron

| B=M (2-8)
3) Phrong trinh Mesherxki — Rfong trinhdong lec hoc caa tén tra:

- Ma=T+ F (2-9)
A - dM -
- Lucdayciaténtra: T = Fu (2-10)
4) Phrong trinhdong hrc hoc caa chit diém trong & qui chéu khéng quén tinh O

- N

- ma =F+ F;t (2-11)

- Luc quan t|'nh:|5qt =-mA (2-12)

3/Pinh luat Newton thir ba
1) Binh luat Newton thir ba:

F+F,=0 (2-13)
2) Dbinh luat bao toandong krong aia k& chat diém cd Bp
. n o n . 00
P= z p =D my= cons (2-14)

4/ Pinh luat hap dan aia Newton
1) Dinh luat hip din caa Newton

. F=F —GM (2.-15)

- F=-G—'r (2-16)

- G=6,67.10"N 1t /kg

2) Trong lec
- P=-Gogr (2-17)
- ol (2-18)
3) Véci gia Hc tong trdng g
- g=- (2-19)
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- g= 2 (2-20)
- Gia e trong tnrong tai mat dat .
GM
9, = R (2-21)
5/ Lwc ma sét tnrot
- Luc ma sat nghcuc dai :
fo=koN (2-22)
- Luc ma sationg:
fos = kKN (2-23)
Bai tap 2.1:

~ Hai vat dit trén nt mat phing rim ngang kbi luong m = 4 kg va = 2 kg. Hai t
ndi voi nhau fang mt syi day khéngian 1oi cé khoi lwong khéngdang K. Tac ding l€n it
1 mot lyc F = 12 N Bm ngang. Hai &t truot khdng ma sét. Tinlrd T, ma \at 1 tac dng 1én
vat 2.

Huwéng din gidi
N, N,
ro e
m, + T PR F F_()
;l ; l

Théng qua @ day \at 1 tac ding |én \it 2 nit luc f2 va ngroc lai theodinh Iuat

Newton thir ba \it 2 ding tac a@ng lén it 1 mot lyc T, =T, .
P va P, la tiong lrc cia tréidét tac ding 1én it 1 va it 2.
Nl va NZ la phin luc aia mat ngang tacghg Ién Vit 1 va \at 2.

Viluc ma satf,_ =0 nénR= N
Vi hai Vit dugc ndi véi nhau Bing mt soi day khongdan 1oi. Nén hai vt chuyén
dong cung véat gia ¢ a. Ta béu dén hai \at bing ot chit diém co Kibi luong:

m=m+m. i
N
N
|

Ap dung dinh luit Newton thir hai cho cht diém m:
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f=F+P+N= m%1=( m+ ng)qz (1)
Chiéu (1) 1én chéu deong (+), taduoc:
F+0+0= {mm)a
Suy ra giadc a da VAt my va \at my:
F 12 m

a= = =
m+m 4+2 ¢

Ap dungdinh luit Newton thir hai cho clt diém my:

f =f2+ I52+ NZ: miaz me (2)
Chiéu (2) 1én chéu deong (+), taduoc:
[+0+0= ma
T =ma=42=4N
Bai tap 2.2:
~ Mot xe khbi lugng my = 20 kg c6 th chuyén dong khong ma sét trénznphing
nam ngang trén xdat mot vat A khoi lugng m, = 2 kg. H S0 ma sat gira xe va it A

la k=0,25, tacehg [én Andt luc F =2 N Am ngang. Hay timyc ma sat dgia xe va
vat A. Cho gia éc aia trong tnrong g = 10 m/5.

Hwong din gidi
A

=
——»

Xe

Ta c6 irc ma séat nghcuc dai: fso=kN=kP =kmg=0,25.2.10=5N
Vifso=5N> F=2N nénat A khdng cé chugn dong trrot trén xe. Xe va

vat A chuyén dong cling véet gia B¢ a. Ta xem xe vaat A 1a mot chit diém m =
m +m

Z

R

)
— ——

5
n

=

Ap dungdinh luat Newton thir hai cho clt diém m:

+P+N=ma=(m+ g ¢ (1)

—h
T

\6i:
- P latrong luc cia traidat tac ding 1eén clit diém m.
- N phan lyc dia mit ngang taceng 1én clt diém m.
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- Viluc ma sétf:ns =0 nénR=N
Chiéu (1) 1én chéu deong (+), taduoc:
F+0+0= {mm)a
Suy ra giadc a ¢ia Vit A va xe:

a=_ " = 2 _gogM
m+m 20+2 S

L] @),

f=

—h |
0.
Z
+
T
I
=
il

e (2)

Véi.

- P, latrong luc dia tréidat tac ding 1&n at A

- N phan lyc aia xe tac dng lén it A

Vi lic ma satf,_ =0 nénR= N

- fs la rc ma séat nghma xe tac ghg |én it A

Chiéu (2) 1én chéu deong (+), taduoc:
:1f+0+0+F= ma

Suy ra: J=F-ma=2-20.09= 182N
£=1,82 N

Bai tap 2.3

Mot khi ciu Khdi luong M = 3. 16 kg hit dau bay Xwng voi gia e khongdol

a=1 m/é . Hay xacdinh khdi luong m @ia Vat nang én phai némdi dé truyén cho khi
ciu c6 cung giadc a = 1 m/Snhung bay 18n Bo qua lrc cin aia khéng khi. Cho g = 10

Pap 6 : m =59, 4 kg
Bai tap 2.4

Mot nguoi tho khdi lwgng m = 60 kg duang trén ndt gia treo kidi lwong

M = 20 kg .Gi4 treaiwoc bujc vaodau mot soi day vat qua gt rong ke . Héi nguoi
tho phai Igéo ndt luc F king bao nhiéu vadau i day con &i dé di 1én thang déu ?
Cho gia éc trong trong g = 10 m/s
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Pap $: F = 400N

CAU HOI TRAC NGHIEM CHUONG 2

Cau 1: Do dinh luit vat Iy nao chi pbi dan dén : mit prang qu dao cia Tréi dat
chuyén dong chung quanh B troi luén luén © dinh trong khéng gian:

a) binh luait Newton thr hai
b) Dinh luat bao toandong hrong
c) Dinh luat hip din
d) Dinh luat bao toan mémendong hrong
Cau 2: Ta c6 1§ qui chiéu quan tinh Qtang yén va B qui chéu quéan tinh Ochuyén
dong ddi véi O. Goi a va a' la gia bc cua cHit diém M déi véi O va O. Vay:
a) a = a

b) a # a

-

c) a <a

N -

d a > a
Cau 3 Lyc hip din cia hai clit diém c6 cung kbi lugng mdat cach nhau @t
khoang L 1a f. Tai trung diém duong noi hai chit diém tréndat thém clat diém thr ba
c6 cung kibi lwong m. Lirc Wp dan tac ding Ién hai cht diém ¢ haidau bay gb & la
F bing:

a) F=f

b) F=3f
c) F=4f
d) F=5f

Cau 4: Mot chit diém chu;en dong trén g dao tron chung quanh trdit (tam qy
dao trung \6i tam traldat) va chi chiu tac ding duy nfat bi trong lrc. Vay gia 6c tiép
tuyén a cua chit diém:

a) a=0

b) a>0

c) a<o0

d a#0
Cau 5: Mot chit diém chuyén dong trén q§ dao tron chung quang trédit. Tam qy
dao triing \6i tam Traidat. Néu ban kinh gii dao r ting 1&n 3 én thi gia 6c a @ia chit
diem:

a) atnglén9in

b) agim 9 kn
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c) agam3hn
d) ating 3 &n

Cau 6: Mot chit diém khdi lwong m = 1 kg chugn dong thang c6 phrong trinh
chuyén dong : x = 2t + 3t (m) . \ay Iuc F tacdong Ién clat diém nhan gia ti nao
sau?

a) F=2N
b) F=3N
c) F=4N
d) F=6N

Cau 7: Mot chat diem khoi luong m = 1 kg chugn dong trong ndt phing OXY cé
pheong trinh chugn dong : x =5 sin 2t (m) vay =5 cos 2t (m) .

Vay luc F tacdong I&n clat diém nhin gia ti nao :
a) F=10N
b) F=15N
c) F=20N
d) F=25N
Cau 8: Mot chit diém trugt khdng ma séat »ang mdt mat phing nghiéng rét goca =

30° véi gia tc a. Vay a va bng hop luc F tac ding Ién clit diém hop voi nhau not
gocd bang:

a) ¢ =0

b) ¢ =30
c) ¢ =60
d ¢ = 180

Cau 9: Mot chat diém dang tirot trén ndt mét phing nim ngang. Mt phing tac ang
lén chit diem Mot lyc cd plrong vubng goc & mat .Vay chat diém chuyén dong ?

a) déu

b) nhanh dn

c) cham dan

d) c6 thé nhanh dn hay ctim dan tly theo thi diém khao sat .

Cau 10: Mot luc F tac ding vudng goc §i vécto van toc v caa chit diém. Luc F ¢o
tac ding:

a) lam cho cht diém chuyén dong theo plrong aia lyc.
b) gia ti caa van toc ting

c) gia ti caa van toc giam

d) lam thayddi phuong chugn dong aia chit diém
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Cau 11: Mot lyc F tac ding [én ndt chat diém vudng goc i vécio van toc v. Chit
diém chuyn dong :

a) nhanh dn
b) cham dan
c) thingdéu
d) congdéu
Cau 12: Luc nao sautay la krc quan tinh:
a) luc cing
b) luc ma sat
c) luc litam
d) luc hudng tam

Cau 13: Mot chit diém khdi legng m =1kgdang turot trén ndt mat phang rim ngang
trong tiong treong g = 10m/§3. Vat chiu té}c aing mfat‘luc ma sat fs = 10 N . Khido
chat diem tac ding Ién nat phang mot luc tong hop F kang :

a) F=10N
b) F=14 N
c) F=28N
d) Chuadu dir liéu dé tinh

Cau 14: Mot chat diém khdi lugng m = 1 kg tirot khdng ma séat »ang mit nghiéng
hop v&i mat ngang njt géca = 3. Cho g = 10 m/s Vay tdng hyp ngai luc F tac
dung lén ctt diém:

a) F=10N
b) F=5N

c) F=8,6N
d F=15N
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CHUONG 3: CO NANG

|. Cac khéi niém mé dau
1.1 Pong niing cia chat diém

~ Dong riing & khai ném duoc diingde dic trung choluwgng chuyn déng e cia
chat diem, duoc dinh ngha:

We % V2 (3-1)

Trong k¢ don vi Qudc € (S.1)dong ring Wy codon vi 1a Joule (J)
[.2. Cong aia luc
Céng @a hec 1adai lwong Vat Iy dugc dungdé do do bién thién @a ning rong.

.2.1. Cong &ia mot lwcF khong déi dich chuyén trén mét doan thing ds

g Mot luc F khongddi tac ding lén ndt chat
F diem M. Chat diem M chuyn dong trén not

H.3.1 M/; i doan thing ds.

® >
>

cong dA déa mbt luc F khongddi dich chuyn trén ndt doan thing ds,
dugc dinh ngha:

dA £ . ds (3-2)

Hay: dA = F.ds.cas (3-3)
Cong dA aia mbt lucF 1a dai luong dai 5.
Trongdo:

e o=(F,ds)

e Néu a <g — dA > 0: Cong tadong, ring hrong (Wy) tang

« Néu a >§ — dA <0:Céngn, ning hrong (W) giam

e Néua = g — dA = 0: Ning krong (Wy) khongddi

« Trong k¢ don vi Quc t (S.1)don vi caa cong 1a Joule (J)
1.2.2. Trwong hop téng quat
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Dé xacdinh cong A @a mot lyc F bt ki
dich chugn tir vi tri (1) dén vi tri (2) theo
mot duong cong Bt ki ( C ). Ta chiatuong

1) cong (C) thanh riing doan dich chugn vi

)

phan ds. Trén doan dich chugn vi phan
dsluc F duoc xem nhx khéngddi

Theo (3-2) cong vi phan dAia luc F tréndoan dich chugn vi phands la;
dA=F.ds (@B)
~ Détinh cong A, cia lac F dich chugn tir (1) dén (2) theodusng cong ( C )
bat ki, ta tinh tich phan &u thic (1):
2.
A= [F.ds @
M
1.2.3. Cdng sit
Cong sét 1a cong thre hién trong ndt don Vi thoi gian. Ta co:

P=—"=F.—>=F.v (3-5)

Trong k¢ don vi Quic t (S.I)don vi cia cdng skt 1a Watt (W).

Ngoai & don vi S, trong K thuat nguoi ta con & dung don vi cong sit la
ma lec (CV): 1CV = 736 W

Phéan tich:
Vécto lyc F 1adai luong Vat ly do d@ bién thién @a lirong chuyh dong @, dugc
do thdng qua véotdong krong p: F ==

e

n thiéncua luong chuyn déng
|

Q>

Vécio mémen drc M 1a dai luong \at Iy do dé bi

co, dugc do thdng qua véet mémendong rong | : M =

Q_‘Q—
~—+

Céng A @a lyc F 1adai luong \at Iy vo heéng do dé bién thién @a luong chuyn
dong @, duogc do thong quatai luong vo hréng dong ring (Wg): dA = dW

[I. Pinh li dong nang
1.1. Phat biéu dinh Ii déng niang
a . Dang tich phan
Cong A, ciia Bng ngai luc F tac ding 1&n clit diém M trong dch chugn tir

vi tri (1) d&n Vi tri (2) c6 gia tr bing d6 bién thiéndong ring Wy cia cHit diém trén
doan duong (1 — 2).
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@. . 1,
A= IF. s = Emv2 -
M

mv, (3-6)

N
N

b. Dang vi phan

Trong dch chuyn vi phénofs dinh lidong ning c6 ang:
dA W, (3-7)
[1.2. Chwng minh dinh |i dong nang

()

Taco: A,= jlz.cfs (1)
- )

Theodinh luit Newton thir hai:

ﬁ:mézmotlj—t va ds=vd  (2)

@ . .
Thé (2) vao (1) tatugc: Ajp = j mvd v
@
Theo toan hc: vdv=vdy

(2 (2) 1
Vay : A = jmvdv = jd(—m\ﬁ)
@ @ 2

Asp= S mi - my @pcm)

Dinh lidong ming la ¥t dang toan lac khac @a dinh lugt Newton th hai.

Cau héi:

1) Hay gai thich dinh li dong rang la ndt dang toan kc khac da dinh luat

Newton thr hai

2) Hay néu it ca nhirng dang toan bc khac @a dinh luit Newton thir hai.
lI. Tr wong luc thé
l1I.1. Pinh nghia trwang lrc thé

_ Truong lyc the |a treong luc ma cong ta luc thé Ay, chi phy thuoe vao v
tri dau (1) va v tri cwi (2) caa chuyn doi ma khdng ph thujc vaodusong cong
chuyén doi (1 — 2).
[11.2. Tinh ch 4t caa truong lec thé

Mot chit diém M chuyn dong trong

M
a . r
(1) -~ » truong lec the tor vi tri (1) dén vi tri (2)
theoduong cong (a) & ki. Ta c6 cong ia
H.3.3 £
luc the:
M

@ _
b (2) A= [ F.ds (1)
()
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Tuong tr ta c6 cdng wa lrc thé khi dich chun chit diem tir vi tri (1) dén vi tri
(2) theoduong cong (b) bt ki:

@, .
A= [ F.ds ()
@

Tr(l)va(2)tasuyra: #=Aim = Alao—Ai=0
Do doi dau tredc cong phi d6i chiéu dich chuyn.
Néntacod: Ao+tAp=0 = Ajon=0
Hay : A= [Fds=0 (3-8)
©
Vay codng aia lec thé dich chuyén theodwrong cong kin (c) it ki bing khéng
Biéu thirc (3-8) la béu thirc toan loc dién ta tinh cHit thé cua trrong fuc thé .

Phan tich: Nhu vay trong \at Iy phan ra hai lai luc: lyc thé va krc khoéng phi luc
thé.

Luc tuan theo (3-8) lart thé. Luc khéng tuan theo (3-8) khdngapha luc thé.
Luc hap din, luc inhdién la krc thé. Luc ma satdc tir khong phi 1a luc thé
111.3. Th é niang

Thé ning aia mbt chit diém tai vi tri (1) trong trong lec thé (W, ) c6 gia ti
bang céng da hrc thé dich chuy:n chit diém tir vi tri (1) dén vi tri O chon trude tuy .
Vi tri O goi 1a gbe thé nang co thé nang bing khong.

© .
= [F.ds (3-9)
1)

Trong k¢ don vi Quic t (S.I)don Vi caa thé nang Joule (J)
l1l.4. Pinh Ii thé ning
l11.4.1. Phat biéu dinh li thé nang
a/ Dang tich phan

Cong aia lyc the khi dich chugn chit diém tir vi tri (1) dén vi tri (2) theoduong
cong (C) fat ki bangdd giam the nang tr (1) dén (2) .

@
Ap = IF ds = Wy - We (3-10)
M

b/ Dang vi phan

Trong dch chugn vi phands dinh i thé nang c6 dng:
= _dw (3-11)
111.4.2. Chi¥ng minh dinh Ii thé niang

Ta c6 haidiém (1) va (2) trong trong hec thé.
Chon diém O tuy y lam §c thé ning.
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M Theo (3-9) ta c6 thning ti (1) va thé ning

tai (2):
(1) ©
2 Wy = Ap= ({)F.ds (1)
" ©
We = Ap= [F.ds (2)

(2)
Vi céng @ia hrc thé khéng phu thudc duong di. Nén ta co:
A12= Arnz = Ao t+ Aoz
Vi d6i dau truge cong thidoi chiéu dich chugn. Nén:
Az = Ao— Az
Theo (1) va (2) ta suy ra:
A= Wy - W (dpcm )
111.5. Th é ning cia mdt chat diém trong trwong
111.5.1. Chi¥ng minh treng trwong |a treong lwc thé
Mot chat diém m chugn dong tr vi tri (1) d&én vi tri (2) theo mit duong cong (
C ) hit ki trong tong trong aia Traidat. Ta cé cong @a trong  lec P tac ding 1&n
chat diem m trong dch chuyn trén .

@ .
Az = [P.ds 1)
@

Mm -

. V(’ri:|5:—Gr3r 2)

« Trong dch chugn vi phan theo (1-9):
ds = dr (3)
(1)

(2)

H.3.5

Thé (2) va (3) vao (1), tduoc:
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A, = - GMmIrfsr (4)
Theo toan be: r.dr = rdr (5)
Thé (5) vao (4) , taluoc:
~ Par % (1
Ao = —GMm!r—z—GMm!d[Fj

Tinh tich phan, tdwogc cong @a tong e, khi dch chugn chit diém m tr vi
tri (1) den vi tri (2) trong tong teong theodwong cong lat ky:
GM GM
A= m_ GMm
r2 I’l

(3-12)

Vi duong cong ( C ) Bt ki, nén cong A chi phu thudc vao 5 var, .

Vay trong trrdng 1a trong lee thé. Suy Bng ra teong hip din [a twong hec
thé.
111.5.2. Thé ning cia mdt chit diém trong trong truong
Theodinh Ii thé ning (3-10) vau (3-12) ta co:
GM GM GM GM
Do = (250 - (=) = W - W
r.2 r.1 1 r.2
Suy ra th nang i (1) va ti (2):
GM
W= -=—1

A =

+C (6)

Wp= - +C (7)

_Nhu vay thé nang i mot diém trong tong trong duoc xéacdinh sai khac ing
mot hang $ C. Hang $ C nay phla thuoc vao cach abn vi tri goc thé nang O.

_GMm
r

W, = + C (8)

Néu ta clon goc thé ning O v cling ) thi tr (8) ta suyra: C=0

~ Nhu vay, réu ta clon goc thé nang ¢ vO cling ) thi thé nang aia mjt chat
diem m trong tong trong cach tam tratat mot khaang r, dugc tinh theo cong tit
sau:
~ GMm
r

Wt = (3‘13)

Néu ta clon goc thé nang & mit dat r = R (ban kinh Tratat) thi tr (8) ta suy ra:
GMm

cC=—"—""
R
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Nhu vy, réu ta clon goc the nang ¢ mit dat, thi thé nang aia ot chat diém m
trong tiong trong cach tam tratat mot khoang r,duoc tinh theo cong tit sau:
GMm GMm r-RrR

= - = GMm
W R r ( rR

j:GMm

h

=GMM ——— 3-14
w m R(R* (3-14)

Véih=r—-R l&dd cao ¢a m tinh & mat dat .

Néu h<<R: R+h ~ R.

GM
R2
W= mgh (3-15)
GM

RZ

W= mh = mgh

Véi: g = la gia b¢ trong trong ki mat dat.

Biéu thirc (3-15) la thk ning aia cHit diém m trong tong trrong déu.
Phan tich:
Trong béu thic(3-15):
 Néu lay goc thé nang ti vi tri chit diégn m, thih =0
 Néu lay goc thé nang ti vi tri dudi chat diém m, thih > 0
« Néu lay gbc thé nang ti vi tri trén clat dién m, thih <0
IV. Co nang
IV.1. Pinh nghia
Co nang cia mdt chit diém trong ndt truong hec thé 1a mot dai lwong VAt
ly dugc dinh ngha:
W =W, +W, =%m\/2 W, (3-16)

Trong k¢ don vi Qudc & (S.I)don vi cua @ ning 1a Joule (J).

Ngoai & don vi Quic # (S.I) trong K thuat ngroi ta con dinglon vi nang krong
kWh:

1 kwh = 3600 kJbon vi kWh throng dung trongtién ning.
IV.2. Cong acia lec ma sat trong tnrong luc thé

Mot chat diém m chugn dong trong ndt truong hrc thé. Ngoai cliu tac ding
cia lyc thé F, con chu tac ding nhing lec khong phi luc thé, vi du luc ma satF,. .
Ta c6 dng hyp luc tac ding Ién clit diém: F = F,+F,_

Ta c6 cong A cia Bng ngai lyc F khi chit diém chuyén dong tr vi tri 1dén
vi tri 2 trong terong hec the:
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@ @ _ @

A, = IIE.&S: J'Ft.ofs+ IF;S.&S
o &) )

Suy ra congita luc ma sat:

@ ., @, .
Au, = [Freds= A, = [F.ds (1)
® (&Y
Theodinh lidgong ning: A= Wy - Wy (2)
@ .
Theodinh li thé nang: [ F.ds=W, - W, (3)

@
Thé (2) va (3) vao (1):

@ . . @_ .
A= [Frgds= A, = [Fuds= Wi - W + Wi - Wy
® @

@ _
Ans = _[Fms'dsz (Wdz +Vvtz ) - (Wdl +Wd1)
@

@ _
A\ns = J-Fms'dS:WZ _Vvl (3-17)
@

Vi cong @a lyc ma sat la cong am (A< 0). Nén o nang i 2 nho hon o
nang ti 1: W, < Wy, Nhu vy dudi tac ding aia lyc ma sat ¢ nang aia chit diem
giam. Co nang da bin thanh nhit nang.

IV.3. Pinh luat bao toan ar nang

Mot chat diem chuyn dong trong trong luc the, néu chi chiu tac ding duy
nhat boi luc the ( khéng corc ma séat hayic can) thi:

A=W —W; =0
Suyra: VW= W,
Phat biéu: Mgt chat diém chuyén dgng trong treong luc thé, néu chi chiu tac deng
duy nhat béi luc thé thi co nang aia chat diém hio toan.

W% mv? +W, = const (3-18)

Bai tap 3.1:

Mot vat c6 khbi lugng m = 1 kg tirgt khong vin toc dau xuong dbc cao h = 5
m. Cho g = 10mfs Van tic aia Vit tai chan dc v = 8 m/s. Tim cdng ua lyc ma sat.
Bai tap 3.2:

‘ Dé do van toc viéndan ngroi ta dung conéc thir dan, d6 1a mdt bi cét treod
dau i day. Khi viéndan xuyén vao bi cat, nd4u lai trong bi cat valugc nang lén
d6 cao h=0,8m. Timan toc cia viéndan. Cho ki lugng viéndan m = 100g,
khéi lwong bi cat M = 3 kg, giadt trong trdng g = 10m/s.
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Pap & : v =124 m/s
V. Chuyén déng trong trwang hap dan
V.1.Van téc vii tru cAp mot

Van toc Vi try cap mot 1a van toc aia it vat dang
\Zl chuyén dong trén gg dao tron chung quanh Tréat .

Do trong luc P 1a luc haedng tam vudng goécar quy
dao, nén giadc trong trrong g ciing hréng tam
vudng goc i quy dao. Vay gia B¢ trong tnrong g

bing gia 6c phap tugn a, .

g=a,=— (1)

Véii g=— )

So sanh (1) va (2) ta suydaoc van toc vii try cip mot v;:

v, =ygr = GTM (3-19)
Truong hyp Vit & gin mat dét : g, = 9,81m/é, R = 6370 km .
v, =9,R = 7,9 km/s
cha y:

Biéu thic (3-19)duoc mo rong ap aing cho moi thién thé: Mit trang, cac hanh
tinh, Mat troi...

V.2. VAn téc vii tru cap hai

" R) ()

~Van tc vii try cap hai 1a in toc bandau cia VAt duoc bin di dé n6 thoat kb
luc hap dan cia Tréidat .

Vit duoc bin di tir vi tri ( R') cAch tam traiat mot doan r, Wi tri vat thoat kfi
luc hiat aia traidat [a (oo )

Theodinh luat bao toan © niang. Ta co :

WR :Woo
Co nang i vi tri bin:
Wg = Wyg + Wig = %mvnz _%‘”
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Co nang tai vi tri (oo ) thoat kidi luc hap din Traidat:
Woo = Wdoo + Vvtoo =0

Suy ra:

lmvuz—%n = Wdoo +\/\/too =0

2 r

Hay: v, = ZG—M =V, V2 (3-20)

Néu vat duoc bin & gan mat dat:
v, = V, V2 =792 =112km/s
Cha y:
Biéu thic (3-20)dwgc mo rong ap aing cho noi thién the: Mit trang , cac hanh
tinh, Mat troi...
Bai tap 3.3:
Mit tring chuyn dong trén q§ dao tron chung quanh tréit. Khoang cach i

trai dat den mat tring r = 60R, i R = 6370 km la ban kinh tréit. Cho gia éc trong
truong i mat dat go = 10 m/$. Tinh \an téc v aia mit trang.

Pap $: v~ 1 km/s
Bai tap 3.4

Tréi dat chuyén dong chung quanh #ntrdi trén iy dao tron ban kinh r = 150.10
km, Wi van toc v = 30 km/s. Hay tinh Kinlugng M aia nit troi.

Cho hing $ hap din vii tru G = 6,67.10" N.m?/kg?
pap 6 : M= 2.10%kg
Bai tap 3.5
Mot vat chuyén dong trén g dao tron chung quanh trét, 1y goc thé nang
& vO cung. \at co the nang W, = - 6400 J. Time nang W aia vat

Pap 9 : W =-3200J

Tham khao (doc thém)
Hay néu nhing hinh dang quj dgo phé bién ciia it trong tw nhién:
Mgt Vit diroc budng ra trong tng treong. it &8 roi xusng trénquy dao thing (H.1).
Mgt vit diroc ném nghiéng trén ghdat trong trong treong. Vit s¢ chuyen déng

trénquy dgo parabol(H.1).
®

ThangY

arabol
H.1 P
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Ter vi tri H cAch tam O #a Tréi dat mpt khaing OH = r, mt Vit duoc bin di Vo

vécb vin ¢ v vudng goc &i OH:

- Néuv=vy, = 1/G7M trongdo M = 5,98.16" kg 1a Kl luong aia Trai ddt va

G = 6,67.10™ N.nf/ke? 1a hing  hdp din i tru . Vit &8 chuyén déng trén

quyj dao tron chung quanh Tréddt. Toc do v, thuong quen gi la van e wi

trucap | (H.2)

GM
r

trén quy dao parabol Toc dé v, thuong quen gi la véin toc vi try cdp 11 (H.2)

H

e Néuv=v,=.]2=— wits chuy¥ndgng thoat ra kidi sizc hat ¢ia Trai dat

V

hyperbol

parabol

elip

. Né’u Vi <V <V Vdt &8 chuyéh déng trénquy dao elipchung quanh Trai
dat (H.2)

« Néu v >w : Vit & chuyn dong thoat ra kidi sirc hat aia Trai dat trén
quy dao hyperbol.(H.2)

Mot vong tron tam Qiang kn trén ndt mat phang ngang (vong tron quay va
tam O chugn dong i vai van toc v, mit phing vong tron ludn ludnam trong cuing
mot mat phang thang dang). Biém M trén vong tron & chuyén dong trénquy dao la
dwong cong cycloidH.1.3).

Mot vong tron tam Qiang quay quanhuc A caa vong tron va tam O chéry

dong du véi van téc v theo plrong aia tuc A. Biém M trén vong tron &chuyen
dong trénquy dao la dwong cong xa@n oc 10 xo (H.1.4)
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VI. Va cham
VI.1. Va cham dan hoi xuyén tam

Trong va chm dan i xuyén tam gia hai \at . Hé tuan theatinh luit bao toan
dong lrong va @ nang. Ta hy gbc thé nang i vi tri mit ngang va cim. Nén trong va
cham dan i xuyén tamdong raing aia h¢ bao toan.

my m m m
@_fl \;2‘_@ : ; v, : ;vﬂz

Goi v,,v, la véct van toc caa vat (1) va (2) tede va chim , v, , v, la véct
van téc sau va cm.

Theodinh luat bao toandong hrgng ta co:

my, + My, = omy + my,
Chon chiéu duong la chéu chuyén dong aia vat 1
Chiéu lén chéu chuyén dong aia vat (1) taduoc:
My +my= my+ m)
m(y =) = m(y- Y
Trongdd: v, > 0, conv, ,v, ,v, nhan gia ti dai so.
Theodinh luat bao toan © nang (d6ng rang) ta co:
%m%+%®€=%m?+ém§
m(¥{ - v)=m(V¥- 9
m(y =W+ W= m(y= Y ¥+ Y
L4y (2) chia (1) theo &taduoc:
(v + V) = (%, + W)
Nhan hai ¢ (3) wi m,tadugc:

MY+ my= my+ my
Lay (4) trr (1) theo ¢ taduoc:

97

(1)

(2)

3)

4)



v, = (m -my)v, +2m,v, (3-21)
m +m,
Nhan hai ¢ (3) wi m; tadugc:
My + my= my+ my (5)
L4y (5) odng (1) theo ¥ taduoc :
v, = (m, —m)v, +2mv, (3-22)
m, +m,

Truong hop my = my: suy ra 'y =\, va W = v; hai \at traodéi vén toc.

Truonghpp mpy>>mvaw =0:suyra y=v;vaw = 0.
VI1.2.Va cham mém

Trong va chm mém gjfra hai \at, hé chi tuan theatinh luat bao toandong hrong,
co nang aia ke giam, vi the nang king khéng , nériong ning aia k¢ giam. Sau va

cham hai \at dinh vao nhau chéy dong ciing véat van tic v .
Theodinh luat bao toandong hrong ta co:

m,v,+m, v, = (m, +m,)v
Chon chiéu duong 1a chéu chuyn dong aia VAt 1
Chiéu I&n chéu chuyén dong aia VAt (1) taduoc:
My, + My, =(m + mp)v
y= MY+ MV, ) (3-23)
m +m,
Trongdé: v, > 0, cOn v va ¥nhan gia ti dai sb.

Ta cbdo giam dong ning aia hé sau va chm:
DEg=Yamv’ + Yamvy’ - Yo (m+ )V

_lrnlmZ _ 2 _
= () (3-24)

Do giam dong ning aia k& ¢o gid ti bing cdng lam in dang ke haydo ting mi
nang aia re.

CONG THUC VAT LY CHUONG 3
1/Pong ring aia cHit diém

W:%mf (3-1)

2/ Cong da mot lucF khongddi dich chugn trén nét doan thing ds

dA =F . ds (3-2)
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dA = F.ds.cas (3-3)
3/ Tredong hop tong quét

2,
A= [F.ds (3)
@
4/ Cong sht
p=0f_f &gy (3-5)
dt dt

5/Dbinh lidong ring
a/ Dang tich phan
) 1

A= J'Izds = Emvf - %mvl2 (3-6)
@

b/ Dang vi phan
dA = dw (3-7)
6/ Tinh ctat caa tnrong hrc thé
A = [ﬁﬁ.ds:o (3-8)
©
7/ TH ning
Thé nang aia mbt chit diém tai vi tri (1) trong teedng hre thé

(o
W: = Ap= IF-dS (3-9)
)

8/ binh Ii thé nang
a/ Dang tich phan

@
A = IF-dS = Wy - We (3-10)
®

b/ Dang vi phan
dA = - dw 3-11)
9/ Thé nang aia mbt chat diém trong tong trrong
a/ Gc thé nang & vo cling

w= - (3-12)
b/ Goc thé nang & mat dat
h
=GM 3-13
w m R(R* T (3-13)
c/ Voih<<R
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W= mgh . (3-14)
10/ Co nang

W =W, +W, :%mvz W, (3-15)

11/ Céng 6a lyc ma sat hayuc cin trong trong hec thé

@ _
A\ﬂs = J-Fms'dS:WZ _Vvl (3-16)
@

12/ binh luat bao toan o nang
W = % miv+ W, = const (3-17)
13/ Van tbc vii try cip mot

v =yar =27 (319)

14/ Van toc vii tru cip hai

v, =‘/2GT'VI v, 42 (3-18)

15/ Va cham dan hoi xuyén tam

a/ Van toc vat 1 sau va cfm : v,
v, = (m -my)v, +2m,v, (3-19)

m, +m,

b/ Van toc vt 2 sau va cm : v,

v, = (m, —m)v, +2my, (3-20)
m, +m,
16/ Va chm mém
(rnlvl + m2v2 )
m +m,

V=

CAU HOI TRAC NGHIEM CHUONG 3
Cau 1 Chon phat btu diing & céng @a trong hre theo ndt duong cong kin:
a) phu thuoc vao hinh dng duong cong kin.
b) phu thuoc vao kich tixdc duong cong kin
c) khong phu thusc vao hinh dng va kich tixéc duong cong kin
d) phu thuoc vao tong huc

Cau 2: Mot vat c6 khdi lugng m = 1 kg chugn dong trénduong thing van toc v = 4
m/s. Chu té}c aing Mot luc ma sat khéngoi F di dugc doan duong x = 4 m thiding
lai. Vay F ang :
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a) F=1N
b) F=2N
c) F=3N
d F=4N

Cau 3: Mot chat diem chuyen dong trén q dao tron chung quanh tréat. Goi W la
co nang aia chit diem va W la thé naing aia chit diem. Lay goc thé nang ¢ v6 cung.
Hay chon phrong andung:

a) W=2W
b) W=-2W,
c) W;=2W
d) W,=-2W

Cau 4: Mot chat diem chuyen dong trén qg dao tron chung quanh tréat. Goi W la
co nang aia chat diem va W, la dong ning aia chat diem. Lay goc thé nang ¢ vo cung.
Hay chon phrong andung:

a) W=2W,
b) W =- W,
c) Wyg=W

d) Wyq=-2W

Cau 5: Mot chit diem chuyn dong trén qg dao tron chung quanh tréit. Goi Wy la
dong ning aia chit diem va W la the nang aia chit diém. Lay goc thé nang ¢ vo cung
Hay chon phrong andung:

a) Wyg= W,
b) Wqy=-W,
c) W;=2W;
d) W, = - 2W,

Cau 6: Mot chat diém khdi lugng m = 1 kg chugn dong wi van toc v = 10 m/s. Cht
diém chiu tac ding not luc ma sat khéngoi va dirng lai. Vay cong A @a luc ma sat :

a) A=-5]

b) A=-50J
c) A=-100J
d) A=-150J

Cau 7: Tai vi tri O trén njt dat nguoi ta ném ndt vat thang ding Ién trong tng
truongdéu g = 10m/§ véi téc dau Vo = 10 m/s, dy goc the ndang tai O . Tai vi tri dong
nang king the nang vat ¢ d6 cao h lang :

a) h=2m
b) h=25m
c) h=3m
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d) h=35m

Cau 8: Tai vi tri O trén njt dat nguoi ta ném ndt vat thing dang Ién trong tong
truong. déu g = 10m/$, vai tde dau v, = 14 m/s ,4y gbc thé nang ti O . Tai vi tri dong
nang king thé nang Vat ¢ \an téc v kang :

a) v=7m/s
b) v=8ml/s
c) v=10m/s
d v=12m/s

Cau 9: Tai vi trf O trén nat dat nguoi ta ném not vat khéi luong m = 1kg vi goc
nghiénga = 60 trong tong trong déu g , Wi van toc dau v, = 4m/s . Cong A wa
trong luc khi vat di tir O dén dinh S @a quy dao bang :

a) A= -5J
b) A= -6J
c) A= 5J
d) A= 6J

Cau 10: Hai vat (1) va (2) c6 cung ldi luong chugn dong trén cung t duong
thang, ngroc chéu nhau cé §n toc v; va w. Sau va ciim dan i xuyén tam coé §n
tbcv; vaw. Vay:

a)vi =0vay =v;
b) vi =-vyvaw = -V
C) Vi =W vaw =V
d vi =-w,vaw =-v

Cau 11: Hai vat (1) va (2) c6 cung K luvong chugn dong trén nét duong thing
nguoc chiéu nhau, ¥t (1) chuyn dong theo chiu duong quy dao, cé gia tr van t6c vy
=2m/svait(2)céntic v, = - 4 m/s. Sau va @m mém hai \at dinh vao nhau c6
van toc v. Vay:

a) v=-1m/s

b) v=1m/s
c) v=3m/s
d) v=-4mls

Cau 12: Hai vat (1) va (2) c6 cung K lugng chuygn dong trén nét duong thing
cung chéu nhau,’ co dn toc v; =5 m/s va y= 3 m/s. Sau va a@m mém hai \at dinh
vao nhau coan toc v. Vay:

a) v=-1m/s

b) v=-2m/s
c) v=3m/s
d) v=4m/s
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CHUONG 4: CO HQC HE CHAT PIEM VA V AT RAN

|. Chuyén déng tinh tién va chuyén dong quay aia hé chit diém va vt rin
1.1 Hé chat diém va vat rian

Co hé 1a ip hop nhiéu chit diém, trongdo vi tri hay chugn dong aia mbi chat
diém phu thudc vao \i tri va chugn dong aia cac cht diém khac.

He Mat troi la mot vi du dién hinh \& co hg, trongdé cac thién té lién két véi
nhau loi lyc hat trong o gitra ching.

Néu trong &ip hop cac clt diém khong cé nit lyc trong tac nao, thixp hop d6
khéng ko thanh o hé (chang han, tip hop cac may bagang bay trén du troi).

Trong @ hoc chiing ta chkhao sat 1§ chit diém la @ hé.

Vat ran 1a g chat diem, ma céc cit diem cia kg c6 lién Kt cimg. Vi da: khoi
nudce long la ¢ chat diem, con ki nudc da la \at ran.
1.2 Chuyén déng tinh tién caa vat ran

H.4.1

Chuyén dong aia mt vat rin duoc goi 1a chuyén dong tinh tién, khi mdt véco
AB gin I&n \at ludn ludn chugn dong song songdi chinh n6 (H.4.1).

~ Quy dao cia VAt ran trong chugn dong tinh tién c6 the thing hay cong. Mi
diem trén \at ran trong chugn dong tinh tién c6 qy dao hoan toan ghng nhau. Nu
chap lai chung hoan toan trung khit Ién nhau.

Xét mot vécb AB gan trén vt ran, ddi véi hé qui chéu O,dé xacdinh diém A ta
diing véat vi tri r, , dé xacdinhdiém B ta diing véctvi tri r, , tr Hinh & (H.4.1) taco:
r,=r,+AB
L4y dao ham theo thi gian:

dr, _dr, , dAB

. Suyra: v.=v. 1
at  dt | dt yra. Ve =y (1)

Vi: %‘ = 0, do véat AB c6do I6n va phrong chiu khongdéi.

DPao ham biu thic (1) theo thi gian , tadugc :
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dy, _dy,
dt dt
Nher vdy, khi mgt vt rdn chuyén dgng tinh tién, thi mpi diém trén Gt rin co

Hay: a; = eiA

véch vin técv va véck gia bc a biang nhau.

Bai nhitng Ii do trén ma @t vat chuyén dong tinh tién duoc biéu dién bing mot
chat diem M dai dién cho \at.

1.3 Chuyén déng quay aia hé chat diém va vat rin

%
M;

Al
Chuyén dong nhanh an

Chuyen dong aia mbt vat duoc goi la chuyén dong quay quanh ot truc A. Khi
moi diém trén \at chuyén dong trén q§ dao tron co tam &m trén tuc A, hinh (H.4.2).

Khong thé biéu dién mét vidt chuyén déng quay ling khai nigm chit diém.
Cho nén phat bu mot chdt diém quayla phat biu sai.

Khi vat ran chuyn dong quay, trong khing thoi gian dt noi chit diém caa vat
ran déu quay nét géc ® gibng nhau, nétrong chuyén déng quay mpi diém trén \Gt

rén co véck vian téc goc w va véc gia téc goc B gidng nhau.
Khi mot hé chit diém chuyn dong quay, thimei diém trén Gt ran cé vécr
v@n téc géc w va véct gia thc goc B, khac nhau.
. Kh i tm cta hé chat diém
11.1. Pinh nghia khéi tam ciia hé chat diém

|\‘/|1 |\./|2
o : - H.4.3
my MlG MZG mo

~ Taco It hai ctit diem 1 va 2, cht diém 1 c6 kkbi lvgng myvaé vi tri My, chit
diém 2 c6 ki luong mp va o vi tri M.
Khdi tam aia ke chit haidiém 1 va 2 1adiém G. N6& vi tri sao cho tha man
hé thirc sau:

(R -
mMG+mM,G = 0
- M-
Suy ra: MlG:—%MZG
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o - -

Vay hai véct M,G vaM,G cung phrong va ngoc chigu.

Vay diém khoi thm G plai ndm ¢ giira va trénduong nbi My va M,. Biem khoi
tam G am gan ve phia cfat diem c6 ki luong I6n. Neu khoi luong hai clat diem
bang nhau (m= my,) thidiém khoi tdm G ram ¢ chinh gita M; va M,.

~ Tasuy éng ra: Kfbi tam aia h¢ chat diem My, My, Mz . . . M, lan luot c6
khoi lwong my, my, ms . . . myladiém G sao cho:

n .

> mMG=0 (4-1)

i=1

11.2. Vi tri ¢ tia khéi tam trong hé toa d OXYZ

H.4.4

v

Goi R, la véct vi tri xacdinh Vi tri khéi tim G @a ke chit diém trong I qui chéu O .
Tur hinh \& (H.4.4). Ta c6:

. . -
R =r+M,G
Nhan hai ¢ véi m; va Ky téng taduoc:

n = n = n m -
dYMR;=>Ymr+> mMG
i=1 i=1 i=1

(M.

Theo (4-1):Zn:m M.,G =0 ta suy ra:
i=1

SMR =Y mr,
i=1 i=1
oxmn
Hay:  Ry=-=— = 2> mr (4-2)
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Véi: M = >'m lakhoi lugng aia h¢ chat diem
i=1

Chiéu (4-2) 1én céac trc toadd OX, OY, OZ , ta c6 to do cua khdi tm G trong
hé toado OXYZ.

_13 oy =iy my oz =L | -
_M;mxi ’ YG M;m yl ’ ZG M;mzl (4 3)

l1l. Véct o tong ddng lweng cia hé chit diém

~ Véclo tong dong hrong [5cﬁa ke chit diém , con gi la véct dong hrong aia ke chit
diém, dugc dinh nghia kaing tong véct dong rong aia cac cht diem aia ke chat diem:

P=>my (4-4)
i=1
bao ham (4-2) theo th gian, taduoc :
dR, _» _1 & dr, 18 - _ P
_=V - —_ ! = i =
t ¢ M Z:‘m dt M 21:”1 ' M
Hay: P =MV, (4-5)

Véi: MV, la véct dong lrong aia khdi tam G aa .
Vay véct dong rong aia he chat diém hing véctr dong lrong khoi tdm aia te.

Nhu vy véi khai niém khoi tam chiing taid chugn bai toan phc tap khao sat
chuyen dong ke chat diém ve bai toan ko sat chugn dong aia khoi tam.

Chuyén dgng aia khoi tm trong dwong Wi chuyn dgng aia mpt chat diém
mang toan b khoi luong M aia hé.

Chuyén ddng cia khéi tam cia hé dwec goi la chuyén dong toan b hé.

Phan tich:

Vi du: Mot h¢ chit diém chuyén dong quay quanh ot truc A di qua kfbi tam G
cua k¢ va khoi tam G @ia ¢ dirng yéndoi voi hé qui chieu O. Khido ta noi toan & hé
dtng yénddi véi hé qui chéu O,V, =0, P=MV, =0. Nhu viy vécb dong krong P
cua hg chit diém chi do phan lirong chuyn dong @ cua chugn dong toan b hé, ma

khongdo phan luong chuyn déng @ caa chugn dong quay éa ke quanh tac A di
qua kidi tam G a@a kg.

IV. Vécto mdmenddng lwong cia hé chit diém

~ Khi mot hé chat diém chuyen dong quay quanhdc A co dinh, thi ndi chat
diem cua Fe s chuyen dong trén q§ dao tron c6 tam am trén toc A. Ta xéet not chat
diem M; cia ke chuyen dong trén gy dao tron tam @ (H.4.5).

Theo (2-5) ta c6 véatmdmendong lrong |, cua cHit didm M1 1. = | @
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Dé do lweng chuyen dong o cia hé chit diém trong chuyn dgng quay quanh
truc A, nguoi ta diing khai ngm véctr mémendgng lwong L ciia he chit didm déi
Véi truc A, thuong goi don gian 1a véct mémendong lugng L ciia he chét diém.

Vécto mémendong lwong L caa ke chit diém duoc dinh nghia king Hng véct

moémendong hrong |, cia cac cht diém.

= 3ha (4-6)

Hay: L=1w (4-7)
Véi: 1= Y mr? (4-8)
| & mémen quan tinhua VAt ran dbi voi truc A. NO dic trung cho quéan tinh

cua Vit ran trong chugn dong quay.
Trong k& don vi Quic € (S.1), don vi mémen quan tinh lv@ ke chit diém Ia

kg.nt
V. Mémen quan tinh
1/ Mémen quén tinhi@ mpt sb vat d6i véi truc A di qua kibi tam G @a vat

Thanh thing Vvong tron hay hinh trrong
A
A
G M
L |
G
L M R
I =LML (4-9)
12 Il =MR? (4-10)
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Pia tron hay hinh trdic Qua du
A

R
M G, -

s =%MR2 (4-11) 5 .
s =gMR2 (4-12)

2/ binh li Huyghens — Steiner

H.4.6

Xem hinh & (H.4.6). Clat diém M, cua VAt ran c6 kidi luong m . Truc Z di qua O va
truc A di qua kibi tam G song song nhau, cach nhait kinaing d . Tr hinh \& ta c6:

Q=R+ = R=d-i = R’=’+d’-2dr

Nhan hai ¢ cho mva By téng:
YmRI=Ymrt+Ymd -2dYmr,
i=1 i=1 i=1 i=1

b = k + Md (4-13)

* lo= > 'mR? :Momen quan tinhi@ Vit rin ddi véi truc Z

« Ig = >mr?:Mdmen quan tinhi@ Vit rin déi véi truc A di qua kidi tam

« M= >Ym :Khiluong Vit rin

« Theo (4-1): Ymr =0
i=1
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VI. Péng niang ciaa Vat ran
DPong ring aia VAt ran king ©Hng dong ring aia cac cht diém cia VAt rin .
W, = Z my? (4-14)
i 2
VI.1. Péng ning cia Vat ran trong chuyén déng tinh tién
Trong chugn dong tinh tién moi diém trén \it rin chuyén dong cling ¥n toc v.

Nén:
] ] 1,Q
WdZZEm v' o= ZEMVZ = EVZZWH
i=1 i=1 i=1
W, = % M V2 (4-15)

Véi: M =>'m : Khéi lugng vat rin

i=1
VI.2. Péng ning cia vat rin trong chuyén déng quay

Mot vat rin chuyn dong quay chung quanhgntryc A b dinh. Trong chugn
dong quay moi diém trén \at rin chuyén dong trén qg dao tron. CHt diém m trén \at
ran cO \an toc: v = wr; (1-21)

n n

Wd=zl2mvi2 = %Z mrizwz =%w2imfi2
=

i=1 i=1

W, = % | o (4-16)

n
Véi: I = > 'mr?® 1a mdmen quén tinhia VAt ran doi véi truc A

i=1
VI.3. Péng ning cia vt ran trong chuyén dong bt ki

Chuyen dong kit ki ciia VAt rin 1a sy tong hyp aia hai chugn dong: chugn
quay @ia Vit ran quanh tic A di qua khoi tam G @ia vat ran va chugn dong toan th
cua Vat ran (chuyn dong aia khoi tam aia Vat ran):

Wy = M2+ 1o (4-17)
2 2
VIl. Mémen | wc trong chuyén déng quay

VII.1. L we tAcddng trong chuyén ddng quay aia VAt rin
Mot vat rin quay quanhtic A .

Mot luc F tac ding 18n \at rin tai diém M. T M ta V& mot dudng tron c6 tam O
nam trén toc A. Mit phang vong tron vuéng gocov truc quayA. Nhu vy truc A 1a
truc caaduong tron. Ta phan tich:

F=F +F, (1)
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H47 /

Thanh plin F, song song i truc A, thanh phn F, vudng goc i truc A .

Ta lai phan tich |52 ;

]
+

(2)

N
-
=

Trongdo:
« F tiép tuyén véi vong tron
. |5n vubng goc @i vong tron

Thé (2) vao (1) tatuoc:

!

-

lE = IE1 + t + n
Trongdo:
* F,c6 tac dngddy diém M truot theo tnc A
 F, cbtac ang kéodiém M ra xa tnc A
« RG rang chcd thanh pin lyc F, tiép tuyén v6i duong tron néi co tac
dung gay thayléi trang thai chugn dong quay aa \at rin quanh tc A.

VII.2.M8men lwc F déi véi truc A

Tur thuc # cho tHy: khi ta tac dng 1én ngt canh &a mot luc F, cang @n truc

quay, thi cang khé thagoi trang thai chugn dong quay @a canh @a. Nhr vay s
thay ddi luong chuygn dong quay @a canh ¢a phu thusc vao hai $u t: luc F, va

khoang cachr tir luc F, dén truc quay. Hay néi cach khae shayddi luong chugn

dong quay @a ot vat rin phu thudc vao ndt dai lvong i la véct mémen trc M .
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Ta c6 ndt luc F va mt truc A duoc chon trude. Tir diém dat M cia licF ta &
mot vong tron, sao cho hphing aia vong tron vudng gocov truc A va tam O ga
vong tron am trén tuc A. Xem hinh € (H.4.8).

Ta phan tichic F thanh cac thanh gh: F=F, +F, +F,

—

F

H48 |

Véctr momenM ciia luc F ddi véi truc A, duoc dinh nghia bing moémen ¢a

thanh pln lyc tiép tuyén F, ddi véi diém O.

1

M =T x (4-18)

-

Vécto momenM caa luc F ddi véi truc A:
e COdoloN:M=r1.R (4-19)
« CoOdiémdattai O
« CO6 phrong ram theo toc A
« C6 chiu duoc xacdinh theo quiic ban tay phi: dit ban tay phi theo chéu
cia r , sao cho long ban tayrting theoF:, chiéu aia ngén céi dang ra la
chiéu coa véct M .
Néu luc F va tuc A ddng phing thi mdmen &a luc F déi véi truc A bing
khong .
VIII. Ph wong trinh @dng lwc hoc cia hé chat diém trong chuyén dong toan bh hé
Ta xét ndt hé cé n clit diém, dinh Iuit Newton thir hai déi véi chat diém M,

thuoc hé.
dp _c. :
—L=F+f 1
dt I 1 ( )
Trongdo:

« F latng ngai luc ngoai I§ tac ding 1&n clt diém M,
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« f latdng mi luc caa cac cht diém trong I tac ding 1én clit diém

L Z -

L4y tong blé thre (1) taduoc:

T =F (4-20)

Vay: apP_ ﬂ( dVs “Ma.=F
dt dt dt
Hay: M a; =F (4-21)
Véi:

« Y =0:tong mi luc bing khong.
=)

 a, lagiatc cia khdi tam G @a ke chit diém
Biéu thic (4-20) ladinh Ii bién thién véat dong rong aia ke chat diém.
Nhan xét:
Biéu thirc (4-20) va (4-21) |a 6t dang toan loc khac @adinh luat Newton thir
hai. Haydinh luat Newton thr hai 4p dng cho 1 chat diem.

: ‘ . dp

a) Biéu thic d_P =F tuongddng V6i biéu thic e F cia cHit diém

b) Biéu thic M a, = F twong ddng Wi biéu thic F =ma cua cHit diém

IX. Phwong trinh ddng luc hoc aia hé chat diém trong chuyén déng quay

IX.1. Phwong trinh ddng lwc hoc cia hé chit diém trong chuyén déng quay quanh
truc A
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Ta xét ndt hé n chit diém chuyn dong quay quanh i truc 65 dinh A. Moi
chat diém cia k¢ déu chuyn dong trén qg dao tron, co tam &m trén tpc A. Ta co
dinh li bién thién mémemong hrong aia chit diém M; cua ke chat diem:

—=M; +m (1)
Trongdo:

« M, la véct mémen da Hng ngai luc ngoai 18 tac ding 1&n clit diém M..

—

« m la vécb mdmen @a tong mi lyc cia cac cht diem cia ke tac
dung Ién clit diém M.
L4y tong biéu thic (1) tadugc:

ndl no_ no_
NS
i=1 dt i=1 i=1
d <& - no . n
OSi=3M + 3
i=1 i=1 i=1
dﬂ_ -
=M (4-22)

. Zrﬁ =0: Tong véctr mémen @a i lyc bing khong.
i=1
* Biéu thrc (4-22) ladinh Ii bién thién véat mémendong lrong aia ke
chat diem trong chugn dong quay quanhic A.
IX.2. Phwong trinh dgng luc hec aia Vit rin trong chuyén déng quay quanh nt
truc o dinh A

Truong hop hé chit didm 13 \at rin thi L = | w, ta co:

dE:dU@zldw
dt ~ dt dt

<.

:|IE:

| B=M (4-23)
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Biéu thic (4-23) la plrong trinh @ bén cia vat ran trong chugn dong quay
quanh ndt truc @ dinh A.
Nhan xét:

Biéu thic (4-22) va (4-23) laahg toan bc khac @adinh luat Newton thir hai.
Hay la ding toan oc khac @adinh luat Newton thir haiap ding vao 1§ chat diem hay
vat ran trong chugn dong quay quanh i truc o dinh A.

a) Biéu thic %: M tuongddng Wi bidu thic dp_g

—Y=F cua chit diém
dt
b) Bidu thic | =M tuongddng Wi biéu theic F =ma caa cHit diém
IX.3. Pinh luat bao toan mémendong lwong
Néu tdng moémen nggi luc M tac ding lén & bing khéng thi dng mdmen
dong hrong L coa ke bao toan .

dL_d &, -
Thyuc Vay : —=— g =0
IC VAy i Zl‘,af
- n o n . o
Suyra: L=>1=>1,@= const (4-24 )
i=1 i=1
Néu h¢ 14 vat ran, ta co:
. ~ 0 0=
L =1w= const (4-25)

Ta thiy doi voi vat ran khi véctr mdmendong lrong aia Vit ran bio toan
phuong aia truc quay ludn luérinh hréng © dinh trong khéng gian.

Tham khao (doc thém)

1/ Binh luit bdo toan véet mémendgng keong aia Vit ran dwoc g ding trong K
thugt lam con quay éi chuyen (Gyroscope)

Con quay hi chuyn c6 th dwoc sk dung @é lam la ban con quay, éosung
hogc thay tf# la ban tr (trén tau, may bay va phi th&rykhong gian)dé ho tro tinhon
dinh (kinh thién &m Hubble, xefap, xe may va tau thdg, may bay tec thing diroc
diéu khién bang tin hiu radia haic may bay khéng mgi lai)... haic dwoc st dung
lam ph,dn aia hé dan dwong quan tinh, nla dungdé dinh heéng trong khai thac
mg, ham 10..

2/ Cac lan Sinh vién tim lu thém ¥ con quay o] chu;én trén mung (tai liéu rat
phong phi va c¢6 phim mintpd rat hap dan). Google: Ung d:ng con quay bi
chuyen.

Céc lun Sinh vién co thviét tiéu lugn vé dé tai: Con quay Bi chuyén
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CONG THUC VAT LY CH UONG 4
1/ Khéi tam adia hé chit diém

.

>'mM,G =0
i=1
2/ Vi tri oaa khbi tdm trong k& toa do OXY
XM L.
Ro=E = Ly
i=1
>m

i=1

2)

P=M\V,

4/ Véco mdmendong luongL cia ke chit didm
L=1 = Yl
i=1 i=1
5/ Néu hé chit diém la \at ran.

L=l w

6/ Mémen quan tinh i@ VAt ran di véi truc A.

| = Zn:mriz
=

7/ M6bmen quan tinh
1

a/ Thanh thng: | =—ML?
g ¢ 1

b/ Vong tron hay hinhrrong: 1, =MR?

c/ bia tron hay hinh trdac: le :%MR2
LA 2 52
d/ Qui cau: ls ZEMR

e/binh li Huyghens — Stene
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(4-4)

(4-5)

(4-6)

(4-7)

(4-8)

(4-9)

(4-10)

(4-11)

(4-12)



b = k + Md (4-13)
8/.Pong ning aia At ran trong chugn dong tinh tién

Wy = %2 MV (4-14)
9/ Pong ring aia VAt ran trong chugn dong quay
Wy = % 1o ( 4-15)

10/Pong ring aia VAt ran trong chugn dong kit ki

W, :%MVGZ+ %mz (4-16)

11/ Mémenic F dbi véitrucA: M =r1 xF, (4-17)

12/ Phrong trinhdong lec hoc cia ke chat diém trong chugn dong toan b hé.
dP__

—=F 4'18

ot (4-18)

Hay: M a, = F (4-19)
13/ Phrong trinhdong hrc hoc caa ke chit diém trong chugn dong quay quanh dc
A.

dL _ -

— =M 4-20

ot (4-20)

14/ Phrong trinhdong hrc hoc caa VAt rin trong chugn dong quay quanh 6 truc
dinh A

| B=M (4-21)
15/ binh luat bao toan mémeddong hrong
R n o n R 00
L=>1,=>1,@= const (4-22)
i=1 i=1
, , . . 0 0-
boivaivatran: L = | w = const (4-23)

Bai tap 4.1 Mt dia tronduoc tha lan khong trret xudng tr mot dinh gc cao h =
7,5m. Cho giadc trong trong g =10m/s. Hay tinhan tdc aia tAmdia tai chan dc.

Pap 6 : Vg =10 m/s

Bai tip 4.2Mot dia tron va mit ngudi c6 cung kibi luong (xem ngoi 1& mot chat
diém) Khi nguoi dieng & mépdia hé quay quanh trc dia v6i van toc gocuy = 20 vong
/phat. Neu ngroi vao ding ¢ tam dia thi & quay quanh trc dia Wi van t6c gocw
bang bao nhiéu?

Pap $: o = 60 vong/phut
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CAU HOI TRAC NGHIEM CHUONG 4

Cau 1: Mot dia tron ¢6 kbi lugng M va béan kinh Rih khong trrot tir dinh dbc cao h
xubng chan dc. Van toc Vg caa tAmdia o chan dc phy thuoe vao ?

a) M
b) R
c) h
d m, R, h

Cau 2: Mot khéi 1ap phrong tirot khong ma satitdinh ddc cao h xdng i chan dc
cO Van toc v. MQt dia tron d¢ing duoc tha lan khéng twrot tir dinh dbc trén xwng ti
chan dc c6 \an toc cia tamdia la v . Vay :

a) Vi=
b) vi< v,
C) Vi> Vs
d) chradu dit liéu dé so sanh

Cau 3: Mot dia tronduoc tha 1an khong trrot tir dinh ddc cao h xdng ti chan dc c6
van toc aia tamdia v Mot vong trQn @ng duogc tha lan khdéng twrot tr dinh doc trén
xudng tai chan dc c6 vin tc caa khbi tam [a v . Vay :

a) Vi=
b) vi< v,
C) Vi> Vs
d) chradu dit liéu dé so sanh

Cau 4: Mot dia tron c6 ki lugng M va béan kinh Rah khéng trrot tir dinh dbc cao h
xubng chan dc. bong ning aiadiad chan dc ph thupe vao:

a) Mvah
b) MvaR
c) Rvah
d M,R,h
Cau 5: Mot dia tron kn khong trot ti s gitta dong ning quay vadong ring toan
W .
phan qu bang:

d

a) 1/4
b) 1/3
c) 1/2
d) 3/4
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Cau 6: Hai dia tron c6 cling ki luong . Dia tron 2 ¢6 ban kintvh gip hai bn dia 1 .
Hai dia cungdugc tha lan khoéng trrot tir dinh dSc’ cao h xang chéan dc . Giv,vaw
lan hrot la vin toc cia tAmdia 1 vadia 26 chan dc. Vay :

a) Vo=V,
b) vo< vy
C) Vo = 2V1

d) chradu dir liéu dé so sanh
Cau 7: Hai dia tron c6 cling ban kintbia tron 2 ¢6 kbi luong lon gip hai bn dia 1 .
Hai dai cungdugc tha lan khéng trrot tir dinh dSc’ cao h xang chéan dc . Giv,vaw
lan hrot la vin toc cia tdmdia 1 vadia 26 chan dc . Vay :

a) Vo=V,
b) vo< v,
C) Vo = 2V1

d) chradu dir liéu dé so sanh
Cau 8: Hai dia tron c6 ciing ki lugng . Dia tron 2 ¢6 ban kintvh gip hai bn dia 1 .
Hai dia cungduoc tha lan khéng trrot tir dinh dbc cao h xong chan dc . Goi Ly va L,
lan hrot la mémendong rong aiadia 1 vadia 26 chan dc Vay :

a) Lro=1L,

b) L,=2L
c) L,=4L
d) L,=8L,

Cau 9: Goi I, va | ln leot & mdmen quéan tinhua mdt thanh thing déi véi truc
vubng goc vi thanhdi qua khoi tdm G va qua mép thanhay':

a) =2l
b) 1=3l,
c) |=4l,
d) | =5l,

Cau 10: Mot vong tron kii lugng M ban kinh R. @n 1én vong tron it qui cau c6
cung khi lugng M. Vay mémen quan tinh lva h¢ doi vai truc vong tron (xem gu
cau la chit diem):

a) l= MR
b) | =2 MR
c) |=3MR?
d) I =4 MR

Cau 11 Tim phat béu sai trong cac phatdi drdi day v chuyen dong quay a vt
ran quanh nt truc @ dinh:
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a) moi diém cua vat ran c6 \an toc gécm gidng nhau
b) moi diém caa VAt rin ¢6 \vin tbc dai v gbng nhau

c) moi diém cua VAt ran c6 gia éc gocp gibng nhau

d) moi diém cua vat ran c6 gy dao hinh tron

Cau 12:H¢ ba qlﬁt diém m, = 3 kg va = ms = 1 kg , clt diém m, dat tai géc O dia
truc OX. Chit diém my dat tai A va my dat tai B. Vi OA= 0B = 1m

my mp ms X

L 2 @ *———p

A O B

Khéi tam G @ia k¢ cé badd Xg:
a) Xg=-0.8m

b) Xg=-0.4m
C) X¢=0.4m
d) Xc=0.8m

Cau 13: Chon phat béu sai \& chuyén dong tinh tién cia Vat ran
a) moi diém trén \at rin c6 vin thc v gibng nhau
b) moi diém trén \it rin co gia éc a gbng nhau
c) moi diém trén \it rin c6 gy dao hoan toan ging nhau
d) c6 qu dao luén ludn thing

Cau 14: Mot con Bc don dai | = 1 m. Kidi lugng qui ning m = 1 kg. Cho g = 10 nils
Khi con kc hop V6i phuong thing ditng Mt goca = 3. Mdmen @a trong luc tac
dung Ién qu nang doi voi diém treo co gia ir

a) M =5 nf.kg.s?

b) M =7 nfkg.s

c) M =9 nfkg.s?

d) M =11 nf.kg.s®
Cau 15: Mot cai qut maydang quay cim dan. Néu gin hé qui chéu O vao kibi tam
G dia qut thi Bngdong krong P caa qut ddi véi O:

a) P=0

b) P=const

c) Pting

d) P giam
Cau 16: Mot nguoi dang @i xe dap xudng dic . VAy tdng dong krong P ciia banh xe

dap ddi v6i nguoi coi xe:
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I
o

o

= const

o

ting

P giam
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CHUONG 5: DAO PONG VA SONG CO

|. Dao dong oo diéu hoa
l.1. Dao ddng tuan hoan — H dao dong — Daoddng riéng

Néu trong n§t qua trinh dadiong naodd cé bt dai lugng x(t) bén thién theo
thoi gian, ma & sau ngt khoang thvi gian T xacdinh x(t) ts ve gia ti cii, daodong
d6 duoc goi la daodong tuan hoan, Tduoc goi la chu ki daaiong. Ta co:

X(t) =x(t+T)
Khi d6 biéu thic x(t) duoc goi la phrong trinh daatong.
S5 daodong thrc hién trong ndt don vi thoi gian goi 1a tin 5 daodong.

f=c (5-1)

Trong & don vi Qudc ¥ (S.1)don vi tan $ 14 Hz.

Mot hé ¢6 khi nang thec hien daodong i la hé daodong. Dao éng aia mbt
hé duoc duy tri Wi noi luc dugc goi la daodong riéng, n & twong tng @i 1a tan
daodong riéng.

1.2. Phwong trinh dao dong oo diéu hoa
Ta c6 plrong trinh chugn dong aia mdt chit diém daodong diéu hoa:
X =Acos wt+¢) (5-2)
Hay: y =bsinft+¢)
Trongdo
e x,Yylalido: d léch ra kibi vi tri can ting, don vi (m).

A >0, b >0 labiérto: do léch arc dai ra khoi vi tri can fing, don vi
(m).
(wt+¢) 1a phadadong i thoi diém t,don vi rad.

w la &n s goc,don vi rad/s

¢ 14 pha bardau, don vi rad.

Daodong dicu hoa la da@iong don gian nhat. Bat cr mot daodong tuan hoan
nao @ing co tké phan tich hayong hyp tir cac daaiong dieu hoa .

1.3. Phurong trinh vi phan cia daodéng oo diéu hoa
Tu (5-2) suy ra:
X' =—2X:—Aw2cos(a)t+¢ )

Hay : X" =— X
X" +w’x=0 (5-3)

Biéu thic (5-3) la plrong trinh vi phan @a daodong diéu hoa . Nghim
phuong trinh (5-3) la ptiong trinh (5-2).
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l.4. Chu ki va tin sb cia daodéng oo diéu hoa
Tir phrong trinh (5-2) ta thy ci sau nét khaang thyi gian:
2n

7= (5-4)
w

« Thi gia ti caa x(t) t® vé gia ti cii.
« Vay T la chu ki éa daodong diéu hoa.

Tan $ cia daodongdiéu hoa:
1

f = = 5-5

= (5-5)

O
2T
Bai tap 5.1 Mot vat daodong diéu hoa cé phong trinh x =4 cos fit +172) (cm).
T im chu ki daa@éng T aia vat.

PapH: T=2s

Bai tap 5.2 Mot vat daodong diéu hoa co phong trinh x = 4 cos fit +12) (cm).
T im tin $ daodong f aia Vat.

Pap H: f=05H

Bai tap 5.3 Mot vat daodong diéu hoa cé ptong trinh x =4 cos it +12) (cm)
. Xacdinh khaing thyi gian t, vat di tir vi tri can fang ra \i tri bién.

Pap $H: t,=05s

Bai tap 5.4 Mot vt daodong diéu hoa co ptiong trinh X = 4 cos {1t +12) (cm).
Xacdinh khaing thyi gian t, vat di tir vi tri can fang O ti vi tri X = 2 cm theo chu drong .
Pap H: t,=1/6 s

Bai tap 5.5 Mot vat daodongdiéu hoa co phiong trinh x = 4 cosfit +172) (cm) . Xac
dinh khaing thyi gian t vat di tir vi tri x = 2cm &i vi tri bién x = 4 cm theo ohi drong.
Pap H: t.=1/3s

1.5.Van téc aia vat trong dao dong diéu hoa :

% :%:—a)Asin(a)t+¢ )
dt
vV =—wAsin(wt+¢ ) (5-6)
Bai tap 5.6 Mot vat daodong dieu hoa: x = 5 cos 10t (cm). T inavtoc v aia vat
khi di qua \ tri x = 4 cm theo cku drong.
Pap $: v=30cm/s
1.6. Gia téc aia vat trong dao dong diéu hoa
d

a :d—\t/:—a)z Acos (wt+ ¢ )
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a=-w” Acos(wt+¢ )
a = -wx (5-7)
Cau hei:
7 2 N 2 - I4 -
Mot chat diem M daodong dieu hoa trén g dao thang OX. Vécb gia Hc a
00
cua chit diém M luén luén ciing clu véi OX ?Puang hay sai? Gi thich.
1.7. Luc tAc ddng trong daodéng diéu hoa
Theodinh Iuit Newton tr hai, ta co:

F=ma=-mx
Hay: F =-kx (5-8)
Trongdé: k = o (5-9)

Véi k 1a he sb luc hoi phuc
Lyc tacdong trong daaiong dieu hoa lakc hoi phuc. Khix =0thi F=04 ¢
vi tri can fang.

Ta c6 &n $ goc dia daodong @ diéu hoa:
w = K (5-10)

1.8. Co niing cia vat trong dao déng diéu hoa

Taco: W =W+ W

Suy radong ning aia \at:

W, = W-W (1)

Mit khac: W :%mvz :%mAzwzsinz(oqu)) (5-11)
V\é:%kAz[l—coé(qu))]
W:%kAz-l/zkAzcos’(th))

1 2 1 2
= Lyaz o Ly 2
W= 2?2 @
So sanh (1) va (2) suy ra:
:lkAz'l'Cl
2

W:%kXZ‘FCZ

Trongdé ¢, va ¢ la cac ling .
Véi qui udc:
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- Khivat khéng daaiong A=0thiE=0
- Valay gbc thé nang ¢ vi tri can ing O: x = 0, E= 0.
- Tasuyra:¢c=0vaeg=0.

Vay biéu thirc oo nang aia vat trong daatong diéu hoa:

W = % kA2 = const (5-12)
Thé nang aia vat trong daaiong diéu hoa:

W :% k2 (5-13)
Ta thy co ning daodong diéu hoa khongtoi va ty 1é vai binh phrong biéndo dao

dong

Bai tap 5.7: Mot chat diem M daodong diéu hoa c6 phong trinh x = 4cos 10 t (cm).
Tai vi tri ddng ning kang tre nang van toc cia chit diem M bang bao nhiéu ?

Pap & v =28,28 m/s

Bai tip 5.8 Mot chit diém M daodong diéu hoa: x = 4 cos10t (cm). @hdiem M c6
dong ning kang the nang tai vi tri x kang bao nhiéu ?

Pap 6: x=2,8cm

Bai tap 5.9 Mot chit diém M c6 kibi lwgng m = 1kg daaiong diéu hoa co6 phong
trinh: x = 4cos 2 t (m). Congia luc hi phuc khi vat di tir vi tri can Bing O ra v tri
bién king bao nhi éu ?

Pap H: A=-32J
1.9. Biéu dién daoddng diéu hoa hing véc quay

C6 thé bidu dién mot daodong diéu hoa x = A cos @t + ¢ ) bing véct quay A.
- m -

Trén tuc OX, tai gbc O dat mot véct A hop Vai truc OX mot gocd biang pha
bandau cia daodong, codo dai king biénd¢ cua daodong, véct A quay theo clu
duong ( ngroc chieu kimdong ho ) véi van toc goc tang tin  goc @ia daodongdieu
hoaw.

-

Khi d6 hinh chéu cia véct A xung truc OX c6 cing: X = A cos @t +¢)
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1.10. Téng hop hai daodéng diéu hoa ciing phrong cung én sb

Xét mot vat M tham giadong thdi hai dao
dong dieu hoa cung piong cung in S,
nhung biéndo va pha barau khac nhau.

% =A;cos (wt+¢;)
% =A,cos (wt+¢,)

Chuyén dong aia M € la tng hyp hai dao
X dongdiéu hoa trén.

T X =%+ %=

=Acos (Wt+¢;) + Aycos (wt+¢,)
Dé xacdinh chugn dong aia M ta c6 th dung plrong phéap hinh éc.

Biéu dién daodong x bing véct A va dao dng %, bing véct A, .

Daodong 6ng hyp aia M duoc biéu dién bing véct a.

Vi A=A+ A

Vi A va ,&Z cung quay chung quanh O cungnudc w . Nén A ciing quay
chung quanh Oéi van toc gocw. Vay daodong g hop caa M la ndt daodong diéu
hoa c6 4n  bang tin © cua cac da@ong thanh phn:

X = Acos wt+¢)

CO biéndo:

A= A +A+2AACOSDS ) (5-14)
Véi: A = (. — 1) la hiéu pha da hai daaiong .
C6 pha bardau:

LR vy s (519

Néu hai daaiong cuing phaA¢ =2 k. (5-16)
Vé6i: k=0, +1, £2, £3, ...

A=A+A
Néu hai daaiong ngroc pha: Ap = (2k + 1 )t (5-17)

A =|A1- A

ll. Dao ddng tit dan
[I.1. Hi én twong

Trong thrc t, khi khao sat dagaiéng aa hg, khQng th bo qua céc@c ma sat. Do
d6é namg lrong aia k¢ khong phi la hang $ ma gam dan theo thi gian. Ket qua biéndo
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giam dan theo thi gian. Daodong cé biénio giam din theo thi gian i 1a daodong it
dan.

1.2. Phwong trinh cia daoddng tit dan
Chi xét trong hop luc can caa méi tirong phu thuoc van toc .
F=-1v = - rx
Trongdo r la k¢ sb can cia méi trdng .
Téng hop lec tac ding lén 1§

F = -kx—rx
Theodinh ludit Newton thr hai ta c6:
ma = -kx - rx

mx = -kx - rx

mx+ rx +kx = 0

r K
X'+—x+—x =0
m m

X+ 2BX + w¥x =0 (5-18)
Trongdé 2B =r/ m vaw?® = k/m.
Biéu thic (5-18 ) 1a plrong trinh vi phan &a daodong it dan.
Dé giai phuong trinh (5-18) tatit:

X = u(t) & (1)
L4y dao ham x theo thi gian:
x=ueP'-pBueP! (2)
X =ueP-2BueP+p*uebf! (3)
Th (1), (2) , (3) vao (5-18) tdugc:
u + (o -p°)u=0 (4)
Néu luc cin cia moi tizong nho r << k hayw® > B?. Khi d6 tadat:
Q? = of - B2
Biéu thic (4) duoc viét lai.
u + Qu=20 (5)

Nghiém cia phrong trinh (5) c6 ang:

u= Acos(Qt+¢)
Vay theo (1) plrong trinh @ia daodong it dan c6 ding :

x = AePlcos (Qt+¢) ( 5-19)
Chu ki @ia daodong it dan:

T=2-__ R (5-20)
Q a)Z _’82
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Chu ki @ia daodong tit dan I6n hon chu ki @a daodong diéu hoa.
Biéndo cua daodong tit dan:

A= A eP! (5-21)
Bién do daodong tit dan giam theo thi gian theo qui lat ham nii .

A

A

./\v/\\/\ ',

Bai tap 5.1Q Sau thi gian 2s biéni¢ daodong tit dan giam di 2 lan . Vay sau tii
gian 6s biéro daodong at dan giam di may lan ?

Pap &: giam 8 hn
Bai tap 5.11 Mot daodong &t din cé phrong trinh daaiong : x = Ae " ?'cosat .

Khi biéndo daodong bing Ae® hé da thrc hién miy chu ki daaiong tr thoi diém t =
0.

Pap &: 3 chu ki
[ll. Dao dong arong birc
[11.1 Hi én twgng

Daodong ma & thuc hién dudi tac ding aia ngai luc tuin hoan @i la dao
dong arong hrc.

[11.2. Phwong trinh cia daodgng aréng birc

Ngaai lyc tuan hoan: F = H cosQ t

Téng hop lec tac ding lén
F=-kx-rx+ HcosQt

Theodinh ludit Newton thr hai ta c6:
ma = -kx - rx+ HcosQ't
mx = -kx - rx + HcosQt
mx + kx+ rx - HcosQt = 0

X+ Bx+ w2x -hcosQt = 0 (5-22)
Trongdc'):z,é’:L , a)Z:E , h:ﬂ
m m m

Biéu thic (5-22) la plrong trinh vi phan ¢a daodong ardng brc. Khi dao
dong arong hrc ¢ on dinh nghém cia phrong trinh (5.22) cé g¢hg:

X = AcosQt+¢) (5-23)
Bién do va pha bariu cia daodong ardng hic dugc xacdinh nhr sau:
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op = -2 (5-24)

A= h (5-25)

\/(af -Q?) +4p7%Q°

Ta tHiy biéndd cua daodong ardng hic phy thuse vao én £ cia ngai luc tian
hoan.

[11.3. Sw cong hwéng

Tadst: aA=h
v

Véi Y = [« - Q2 +4p%0?
Bién do daodong ardng hirc A dat gia ti cuc dai khi Y dat gié ti cuc tiéu.
L4y dao ham Y theoQ:

1
j—;=%—4(w2—QZ)Q+8,6’ZQ].[(a)2—Qz)2+4,82§22]_2 =0 1)
Biéu thic (1) thod mén khi:

Q. = @ -2 (5-26)
Khi d6 : h (5-27)

Anax B e
28Ja? - B

Tan $ xacdinh theo (5-26)tugc goi 14 tin & cdng hrong.

Hién tegng dng hrong la hén trong biénd@ daodong ardng hrc dat gia ti
cuc dai khi tan © cia ngai luc tuan hoan Bng tin $ cong hrong.

Néu hé sb can aia méi trrdng nkd hién twong &ng hrong xay ra khi in $ caa
ngaai luyc tuan hoan Bng tn $ riéngw cua ke.

Khi hé s can caa méi trdng B nho ta c6 éng hrang nton, con khip 16n ta c6
cong hrong tu.

Cau hoi:
1) Tan $ caa daodong ardng hic c6 quan & véi tin $ cua ngai luc tuin hoan
nhu thé nao?

2) Bién do A cua daodong ardng hrc c6 quan & véi nhiing dai lugng nao aa
ngaai luyc tuan hoan?

3) Khi hé s can cia méi tirdng nko thi Bin 5 cong hrang king dai lugng nao?
IV. S6ng ar
IV.1.M 6t so khai niém vé song
IV.1.1. Qua trinh séng
Séng la qua trinh lan tréy daodong aia phin tir moi trrong dan Koi trong
khéng gian theo i gian. Nhr vay qua trinh séng la qué trinh lan téayning hrong.
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Trong qua tri‘nh séng cac phtir moi treong khéng lan trugn theo séng. Séngoc
khong lan trugn trong chan khéng.
Tham khao (doc thém)

Thi nghém khio sat & lan truyén daodgng
Dung mdt spi chi' ¢jt cang ngang qua haﬁém A va
B. Trér] g1 chi AB @t hai 91 chi thong xWng \a
bujc dau con ki vao hai \it nhv M; va M, , tgo
thanh ha@ condc don cé te dao dong. Khvi dong
cho con &c M; daodgng theo pirong vudng goc éi
mgt phang hinh ¥. Sau mt luc & thay con kic M,
daodong theo.

AO— e B

M]_ Mz

IV.1.2. S6ng ngang

Song ngang la séng coying daodong aia ptﬁn tr moi tnerong vuong goc i
phuong truyén séng. Séngecngang chced the lan truyén trong moi teong rén.

M

IV.1.3. Séng dc¢
. Song @c la séng co ping daodong aia phin tir mai treong doc theo plrong
truyen song. Songdat co tre lan truyén trong méi teong ran, long hay khi.

M -
® \'

IV.1.4. Mit song

Mit song la gt tich aia nhing diém trong khéng gian cé cac it daodong
cung pha.

Néu mit séng la it ciu ta @i séng au.

Néu mit s6ng la mit phing ta @i song pling.
IV.1.5. Biéndg va chu ki song

Biéndd a chu ki T vadn & f cua song la biéro, chu ki vain 5 daodong
cta phan tr moi treong.
IV.1.6. Van toc séng

Van toc song la khang duong song trugn di duoc trong ndt don vj thoi
gian.Van t6c séng ph thuoc vao tan chit cha mai tirong.
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Trongda $ cac trong hop van tbc lan truyn song trong méi g rn lon
hon trong mai teong long va vin toc lan trugn song trong mdi tdng long 16n hon
trong mai trong khi.

Trong méi trdng rn van tdc séng dc 16n hon séng ngang.
IV.1.7. Buwéc song
Budc songh caa song la khing duong séng trugn di duoc trong ndt chu ki.
A=v.T (5-28)
1
f

A= (5-29)

V. Ham séng
Ham song la Bu thic toan lc dién ta qué trinh séng.

Xét qua trinh song lan trég theo toc %X.
X

@
O X

Goi W 1add léch ra ktbi vi tri can Bing aia phin tir méi tredng. Ga sr phan tir
tai O daodong theo plrong trinh.

P = Acoswt
Goi M la diém bat ki c6 ta do x. Daodong aia pHin tir tai M c6 dang .
P = Acoswt (1)
Thoi gian séng trugn tr Odén M la: T, = x/v, Wi v 1a van téc séng.
Suy ra:
t=t-To =t -x\v
T (1) suy ra:

Y = Acoswt
Y = Acoswt—x/v) (5-30)
¢ =Acos (wt- % ) (5-31)

Biéu thic (5-30) va (5-31) 1a ham song hayuphg trinh séng.

Tur pheong trinh (5-31) ta thy moi diém rdm trén nit phing vuong goc ¥i
phurong truyén séngdéu cling pha. Nén &il thirc (5-31) |a ham séng phg.

Néu song trugn theo chiu am @a truc OX thi phrong trinh séng coahg.

¢ =Acos (a)t+% ) (5-32)
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VI. Phwong trinh vi phéan song
Tu (5-31) ta suy ra:

9° af
— 1)
X V
Y
= WY 2
e (2)
T (1) va (2) suy ra:
0’y 1 90°¥
- =0 -38
x> v® ot? €8)

Biéu thic (5-33) la plrong trinh vi phan song. Ngém aia (5-33) la phrong
trinh séng (5-31)

VII. N ang lwong song

Khi mot song lan trugn dén thé tich AV s& lam cho céac pin tir trong tré tich

AV daodong. Ta bét ning rong daodong aia mdt phan tir khéi lwong m a4 E = ¥
2n2
wA“

Khéi luong méi trong trong th tich AV 1a m = pAV. Véi p la khbi luong
riéng aia moi trong.

Nguoi ta chrng minhduoc ning krong séng trugn dén thé tichAV c6 dang:

AE = pAVW’A? sirf (wt - X v ) (5-34)
Suy ra nit d6 nang legng song:
wo = AE pAzwzsinz(a)t—ﬂ() ( 5-35)
AV %
Mat d6 nang hrong trung binh séng
_ T
W:1 = '[Wdt
T O
— 1 2
wo = E,oafA (5-36)
VIIl. S6ng am

VIII.1. Séng am

Vi nghia Hng séng am l1a séngod lan truyn trong mdi teong rén, long hay
khi .

Vi nghia thong trong séng am la songod lan truyn trong méi teong khong khi
ma tai ngroi co thé ngheduoc voi tan $ nam trong khéng 20Hzdén 20.000Hz.
S6ng am céanh $ nhd hon 20Hzdwoc goi la ha am.

S6ng am céan $H 16n hon 20.000Hztwgc goi 1a siéu am.
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Van téc séng am lan tréy trong khdng khé 20°C 1a v = 343m/s , trongudic
théng throng ¢ 20°C la v = 1482m/s con trong thép la v = 5941m/s.

VIII.2. Hi éu wng Dopler

Hi¢u tng Dopler la hin twong tin

‘ $H am ma may thu ghi ih duoc khac i
tan 5 &m ma ngbn am phat ra.

Dé don gian ta xét teong hop khong khi dng yénddi véi mat dat. Nguon am
va may thu cuing chién dong trén cung Bt duong thing.

q Gol Vo la van goc cia amddi véi mat dat
chuyén dong aia ngwbn am.

Goi f, 1& tin $ caa ngwn am:

. N6 khéng ph thuoc vao tang thai

f 1 \Y} \Y}

- = = Y% = Yo

= = Yo 5-37
° T Tv, A ( )

[0]

Véi A, la bréc song &m khi nghn amdang yén.
Goi f 14 tin $5 Am ma may thu ghi éh duoc:

\
= (5-38)
~Trongdd v la \an toc amdoi véi may thu A 1a bréc séng am khi ngin am
chuyén dong.
A, A, >
T H T
Dé& dang thy rang:
A=Ay - T (5-39)
V6i vy, 1 vin tc caa ngwn amddi véi mat dat, véi qui véce:
Vi >0 : réu ngwbn &m chugn dong lai gin may thu .
Vi< 0 : néu ngubn &m chugn dong ra xa may thu .
Theo cdng thc tng hyp van toc ta c6 :
=y 4y (5-40)

Trongdo v; la Vvan tbc may thuddi véi mat dat, véi qui udc:
y> 0 : néu may thu chugn dong lai gan ngbn am.

Vo < 0 : néu may thu chugn dong ra xa ngéin am.
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AL V. VY, _ VYV, _ vty 1
Vay: f = — = = = =
A A=vT vT =V, T (v=v,)T
V+yV
f = L1,
V-V,

Néu ngbn Am va may thdang yén: f = §

Néu ngwbn Am va may thu chégp dong lai gan nhau: & f,
Néu ngwbn Am va may thu chép dong ra xa nhau: € f,
Hiéu ung Doplerdugc tng ding dé ché tao stngdo thc do

CONG THUC VAT LY CHUONG 5
1/ Phrong trinh daatong @ diéu hoa
X =Acos (wt+¢) (5-1)
2/ Chu ki vain $) cia daodong a diéu hoa

1= 2 (5-2)
w
1 «

f = —=— 5-3
T 2 -3)

3/ Van tc aia vat trong daaiong diéu hoa
dx .
=— =-wAsin (wt+
% it wAsiIn (wt+ ¢ )
vV =—wAsin(wt+¢ ) (5-4)

4/ Gia Hc cua \at trong daaiong diéu hoa

a = -wX (5-5)
5/ Luc tAcdong trong daaongdiéu hoa

F=-kx (5-6)

k = mo’ (5-7)

Véi k 1a he s luc hdi phuc

6/ Co nang aia Vat trong dao @ngdiéu hoa

W :% kA? = const

7/ Thé nang aia vat trong daalong diéu hoa
W :% o2 (5-9)

8/ Tong hpp hai daatdong diéu hoa cuing piong cung én &

a/ Biéndd daodong Hng hop
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A= [N+~ +2AACOSDS ) (5-10)
b/ Vé6i A = (d, — ¢, ) la hEu pha @a hai daaiong
¢/ Cung pha
NG =2 Kkt (5-11)
Voi: k=0,+1, £2, 3, ...
d/ Ngroc pha:
A = (2K + DT (5-12)
9/ Daodong tit dan
a/ phrong trinh @a daodong tit dan co ding:
x = AePlcos (Qt+¢) (5-13)
b/Chu ki @ia daodong tit dan

27 27
7=L- T 5-14
o o5 ( )
c/Biéndo cua daodong it dan
A= AeP! (5-15)
10/ Budc séng
A=vVv.T (5-16)
A = % (5-17)

11/ Ham sbéng

¢ = Acos (wt—% ) (5-18)

12/ Phrong trinh vi phan song
2 2
0*W _ 10°W _

=% r_ 5-19
x> v? ot? ( )
13/ Mat d6 nang lrong trung binh sng
w = % PP A (5-20)
14/ Higu tng Dopler
fo= YVig (5-21)
V-V,

n

CAU HOI TRAC NGHIEM CHUONG 5

Cau 1: Mot vat daodong dicu hoa c6 phong trinh x = 4 cos fit +72) (cm). &n
s6 daodong f aaa vat nhan gia ti nao sau :
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a) f=0,2H,
b) f=0,3H
c) f=04H
d f=05H,

Cau 2: Mot vat daodongdiéu hoa co phong trinh x =4 cosftt +1w2 ) (cm) . Xac
dinh khaing thyi gian t, vat di tur vi tri can fang ra v tri bién.

a) t,=0,3s
b) t,=0,4s
c) t,=0,5s
d t,=0,6s

Cau 3: Mot vat daodongdiéu hoa co phong trinh x =4 cos ftt +1w2 ) (cm) . Xac
dinh khaing thyi gian §, vat di tur vi tri can lang O i vi tri x = 2 cm theo cku drong.

a) t,=1/6 s
b) t,=1/5s
c) t,=1/4s
d) t,=1/3s

Cau 4: Mot vat daodong diéu hoa c6 phong trinh x = 4 cos fit + 172 ) (cm). Xac
dinh khaing thoi gian ¢ vat di tr vi tri x = 2cm &i vi tri bién x = 4 cm theo céu
duong .

a) t.=1/6s
b) t.=1/5s
c) t.=1/4s
d) t.=1/3s

Cau 5: Mot vat daodong diéu hoa: x = 5 cos10t (cm).ay van toc cia Vit khi di qua
vi tri X = 4 cm theo cku drong:

a) v=15cm/s
b) v=20cm/s
c) v=25cm/s
d) v=30cm/s

Cau 6: Mot vat daodong diéu hoa co ptiong trinh x = 4cos 10 t (cm)aflvi tri dong
nang king the nang van toc aia Vit coé gia ti:

a) v=10cm/s
b) v= 20,8 cm/s
c) v=28,28 cm/s
d) v=40cm/s
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Céu’7: Mot vat daodong diéu hoa co phong trinh x = 4cos 2 t (m).aT vi tri bién
gia c a @ia vat co gia tr :

a)a=0

b) a=8m/é

c) a=10m/$

d) a=16 m/é

Cau 8: Goi W, , W, va Ws theo thir ty an luot Ia ning rong daodong dieu hoa a
vat tai vi tri can fang O, ti vi tri bién A va i vi tri B la trungdiem cia O va A . Hay
chon phrong andung:

a) Wy = W =W,
b) W,< Wg < W,
c) Wy >Wg >W,
d) W,=0va W, <W,

Céau 9: Mot vat co kl’ﬁl lwong m = 1 kg dadong diéu hoa c6 ptiong trinh @ x = 4cos 2 t
(m). Cong da hec hoi phuc khi vat di tur vi tri can lang ra v tri bién kang:

a) A= -321J
b) A= -16J
c) A= 161J
d A= 3217

Cau 10: Phrong trinh lido va phrong trinh \an toc cia Vit daodong diéu hoa co
do léch pha:

a) Ap=0
b) A =12
Cc) Ap=mt
d) Ap = 32

Cau 11: Mot chit diém daodong dieu hda: x = 4 cos10t (cm). @hdiem c6 dong
nang king the nang tai vi tri:

a) x=2cm

b) x=2,5cm

c) x=2,8cm

d) x=3,2cm
Cau 12: Trong daadong diéu hoa lido x va gia éc a @a vat léch pha nhau 6t goc
Ad:

a) Ap =0

b) Ad = T2

c) Ap =Tt
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d) Ad =32
Cau 13: Biéndo daodong tHng hop cia hai daatongdiéu hoa cling plrong:
X, = 2 cos(10@t + 172) (cm) va X= 2 c0s10@t (cm)
a)a=0
b) a=2cm
c) a=2,8cm
d) a=4cm
Cau 14: Chon phat béu dang ¢ chu ki T ¢ia daodong it dan.
a) T khdng ph thuoc vao thvi gian
b) T tang theo tki gian
c) T giam theo tlyi gian
d) T nho hon chu ki daatong diéu hoa trongtng aia e

Cau 15: Sau thi gian 2s biénio daodc}ng‘diéu hoa gim di 2 1an . Vay sau tlyi gian
6s biéndo daodongdieu hoa gim di may lan ?

a) 4 lan
b) 6 lin
c) 8lan
d) 16 ln

Cau 16: Mot daodong tit dan c6 phrong trinh daafong : x = A€“cos2t . Chu ki T
cua daodong tit dan nhan gia ti nao sau ?

a) T=1s
b) T=2s
c) T=3s
d) T=4s

Cau 17:Mét daodong tit dan co phrong trinh daaiong : x = A€“Cos2t . Khi bién
d6 daodong hing A.e® hé da thrc hien miy chu ki daaiong tr thoi diémt=0 .

a) 1 chu ki
b) 2 chu ki
c) 3 chuki
d) 4 chu ki
Cau 18: Chon phéat béu sai \& daodong ardng bic .
a) daodong ardng hirc 1a dacdong diéu hoa
b) tin g5 daodong ardng hrc bing &in $ caa ngai luc tuin hoan
c) biénds daodong ardng birc phu thusc vao &n s cia ngai luc tudn hoan
d) ning lrong daodong ardng hic khong ph thupe vao &n s cia ngai luc
tuan hoan
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Cau 19: Daodong i haidiém cach nhau 6t khoang d =A nam theo plrong truyén
séng cado léch phaAd bang:

a) Ap =174
b) A =12
c) Ap =Tt

d) Adb =27

Cau 20: Séng ngang la séng coyng daodong aia phin tr méi tredng:
a) nim ngang
b) thangding
c) vudng goc i phuong truyén séng
d) trung Wi phuong truyén séng
Cau 21: Séng ngang c6 élan truyén trong méi teong:
a) khi
b) long
c) ran
d) ran, long, khi
Cau 22: Song dc 1a séng cé plong daocdong aia phin tir moi trrong:
a) nim ngang
b) thangding
c) vuéng goc i phuong truyén séng
d) trung Wi phuong truyén séng
Cau 23 So6ng @c ca tké lan truyén trong méi teong :
a) khi
b) bng
c) én
d) &n, long, khi
Cau 24:Tai ngroi c6 the nghedugc séng am céh & ¢ khaang nao :
a) tr20 H,dén 200 H
b) tir 20 H, dén 2.000 H
c) tir 20 H, &n 20.000 H
d) tr20 H, &n 200.000 H
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CHUONG 6: CO HOC TUONG POI EINSTEIN

|. Phép bién déi Galilei

Y a Y a

xV

Phép bén doi Galilei la phep tin doi khong gian va thi gian tr h¢ qui chéu
quan tinh O(x,y,z.t) sang lyui chéu quan tinh Gx ,y ,z,t).

Hé O’ chuyén dong thing déu déi véi O véi van tbe v .

Sao cho hai tic OX va OX truot [én nhau.

Hai tryc OY va OY song song

Hai truyc OZ va OZ song song

Tu hinh (H.6.1) ta co:

=00+

Hay: F=vi+r (1)

|

Theo @ hoc Newton:
t=t (2)
Cac béu thic (1) va (2) 1a phép Bn déi Galilei
Theo phép I8 d6i Galilei khaing khéng gian L va khmg thoi gian
At = t, — t trén céc B qui chéu quan tinh khac nhau larg nhau.
Chiéu (1) céac tac toa d6 taduoc:

X = X+ vt
y=y
z2= 12 ( (3)
t=t )
Hay: X= X—Vvt )
y=y (4)
z=12 ’
t=1
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Nhan xét:
DPao ham theo thi gian béu thic (1) ta § dan ra cong thc cdng vécw van toc:
U= v+ v
Trongdo:

0=9"" Vecw van toc cia chit diém M ddi véi hé qui chéu quén tinh O

v Vécih van téc dia he qui chéu quan tinh Odéi véi he qui chiéu quan tinh O

v :dd—I: Vécivo van téc caa chit diém M déi véi hé qui chéu quéan tinh O

Nhu vay phép bén d6i Galilei bao ham cong ttt adng véct van toc

Il. Nguyén ly twong déi Galilei

Phat biéu 1: Cacdinh luit co hoc xay ra gbng nhau trén cacéhqui chiéu quéan
tinh khac nhau.

Phéat biéu 22 Cac plrong trinh © hoc bit bién dbi véi phép bén doi
Galilel.

Tham khao (doc thém)

1/ Chiing minh dinh lugt bdo toandgng lweng trong va clam dan héi gia hai vit 1a
bét bién qua phép hén dai Galilei

Ta xétdinh luit bao toandgng krong aia hé hai wit my, va m va ctum dan hi.
Déi véi hé qui chidu quan tinh O it dat ta co:
mu+muy=m¥ mYy 1)
Trongdo:
e U \au, :lavéct van tic cia m, va m déi véi hé qui chidu quan tinh O
trwoc va clum
e V, \aV, :lavéct van tic aia m va m déi véi hé qui chiéu quan tinh O
sau va clam
Ta@i:
e Goi: u \va U : la véct van tic cia m va m déi véi hé qui chiéu quan
tinh O trwdc va clum. Hé qui chéu quan tinh Ochuyn ddng thing déu
déi véi O V6i véch vdn ¢ v
« V, VAV, :lavéct vin téc aia m va m doi véi hé qui chiéu quan tinh O
sau va clem. Hé qui chiéu quan tinh Ochuyén déng thing déu déi véi O

Véi Véc vdn tic v
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Theo phép Bh dsi Galilei hay phép éng véct vin toc ta co :
TR T Y )

© OV EVHV 8 V= 3)

Tk (2) va (3) vao (1) tawoc:

MU+ Y+ m(u+ Y= nf ¥ W onf ¥ )
Trién khai taduoc:

mu+mu=my+ my 4)
Nhe vdy dzng toan lac aia dinh ludt bdo todn dong lkeong trong 1 qui chiu

quan tinh O (1) vadhg toan lrc cia dinh luit bao toandong leong trong & qui
chieu quan tinh O(4) giong nhau ( bt bien qua phép lgn doi Galilei)

2/ Ching minh phwong trinh séngdién tir 1a khéng kit bién qua phép bén do
Galilei

Sinh vién tham kio sacho thur vién truong- Vit ly hién dai- Ronald Gautreau
- William Savin- Nha xit ban Giao dic —Nim 1996-Baidp 1.10 - trang 14.

l1l. Thuy ét twong ddi hep cia Einstein
l1I.1. Tién dé 1: Nguyén ly ttongddi Einstein:

Cécdinh luat vat Iy xay ra gbng nhau trén cacéhqui chéu quan tinh khac
nhau. Suy ra cacéhqui chéu quan tinhitong duwong nhau.

Phép bén d6i Galilei khéng phu bip vai tién dé 1.
Phan tich:
1) Nguyén li trong déi Einstein bao hamacnguyén li tong déi Gallilei

2) Phép bén dbi Galilei chi dungding trong phm vi co hoc va khéng dung
dung trong toandvat ly.

3) Cac 1§ qui chiu quéan tinh latong duong nhau, vi cadinh luat vat Iy xay
ra giong nhau.

4) Vay can phai xay drng mbt phép bén dbi khéng gian va thi gian msi dung
dang trong toan dvat ly

1.2.Tién dé 2

Van tf_')c anh sang trong chan khong c6 gigténg nhau (c = 3.1n/s ) trén céac
hé qui chiéu quan tinh khac nhau.

Phép bin doi Galilei khdng phi bip voi tién dé 2.
Phan tich:

1) Van toc &nh séang trong chan khong c6 gidgibng nhau ( ¢ = 3.fen/s ) trén
cac k& qui chéu quan tinh khac nhau.éKqua nay laduoc do king thrc
nghiém.
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2) Phép bén déi Galilei hay phép éng véct van toc:u = v+v khéng gii thich

duoc ket gua thuc nghém nay.

IV. Phép bién ddi Lorentz
Phép bén doi Lorentzduoc xay drng sao cho né bao ham phéprbidi Galilei

va phu fyp véi hai tiénde caa ly thuyét teong doi.

~ Ta c6 phép I8h doi Lorent gita hai [ qui chéu quan tinh O(x,y,z.t) va

O(x,y,z,t)

al  O(X,y,z,t)— O(xy,zt)

= X + vt

y=y

z=2 (6-1)
VX

t-t i

b/ O(xy,zt— O(X,y,z,t)

X‘ - X—vt

y =y

z=12 2p-
VX

t = e

Khi v << ¢ phép bén d6i Lorentz t& thanh phép Bn dbi Galilei.

Néu v > ¢ khong gian va thi gian la dai lwong 40. Nhw vay theo ly thuyét
twong doi van toc aia mgt vat khéng thé Ién hon van toc aia &nh sang trong chan
khong.

Phép bén d6i Lorentz phil bp véi hai tiéndé caa Einstein.

Tham khao (doc thém)

1. Xay deng phép bén dai Lorentz

Theo phép Igh doi Galilei thi phép bén déi Lorentz c6 th Ia :
X= a(xX+vt) (a)
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2= 27

Hay: X= B(x-vt) (b)
y=y
z=72

Biéu thirc (a) va (b)duoc viet theo quandiém aia ngroi dirng trong I# qui chéu quan
tinh Oding yén va Bqui chidu quan tinh Ochuyn dng Wi O V6i véch vdn t4c v .

Theo tiéndé 1 : Cacdinh ludt vit ly xay ra glong nhau trén cacéqui chéu quan
tinh khac nhau. Haihqui chéu quan tinh O va Quong dirong nhau.

Déi Véi nguoi dieng trén B O thi O ding yén thanh O. Con O chitydong doi
Véi O V6i véch van téc ngeoc lgi - v va O thanh O

Cho néndoi VoI nguoi diing trén K O thi hai béu thic (a) va (b)duwoc viét bang
cach thay x> X , X > X, t—>t ,t >t v—-V.

Biéu thic (@)— X = a(x-vt)va (by» x= (X +vt)

Nher vdy tr tiéndé 1 aia ly thuyt twong doi ta suy ra:a = 8

Vay:  x= a(x +vt) 1)
y=y
z= 2
Hay: X= a(x—vt) (2)
y=y
z=z
Theo tiéu#é 2 aia ly thuyt trong doi ta c6 :
X = ct (3)
X = ct (4)
Vay: X.x= % tt (5)

Nhan (1) va (2) theody
XX =a®(x— vi).(x+ v't)=az[ XX+ XvE vbe ¥ 't] (6)
Thé (3), (4), va (5) vao (6) tawoc:
c’tt' =a®[ c’tt'+ cvtt - cvtt~ Vi
c?=qa? [cz - vz]
Suyra: a= 1 - (7)

-V
C

Thé (7) vao (1) va (2) tauoc:

[\S}
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X + vt (8)

X= >
V
ar
X' - X—vt (9)
V2
ar
Thé (3) va (4) vao (8) ta suy ra:
f+lgx
t=—== . (10)
pr

Thé (3) va (4) vao (9) ta suy ra:

R VAR
t+5X

—_
1
(@]

(11)

2. Phwong trinh songdién tir 14 bét bién qua phép bén doi Lorentz

Sinh vién tham kio sacho thur vién truong- Vit ly hién dai- Ronald Gautreau
- William Savin- Nha xit ban Giado dic —Nam 1996-Baidp 6.23 - trang 55.

V. Pong hoc twong doi
V.1.Téng hep van toc

Ta co:
_dx _dy dz
X 4. ’ vV, =— ) z T T,
dt Yo dt dt
_dx . dy _dz
Vy=— , V,=F—~ , V,=—
dt Yoodt dt

Tir phép bén d6i Lorentz (6-1) ta co:

' . dt.+vdx'
e
{ \Y { \Y
1_? 1_?
dy = dy , dz=dz
__dx_ dx+ vdt
Suyra: v, gt vdx
df+7?f
Chia tr va miu cho dttaduoc:v, =2V (@)
LAY
CZ
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V =—=
Yoodt vdx
C
2
5 , Vy 1_\%
Chia tr va miu cho dt v, =——% (b)
V.V,
1+ 2
2
v, 1—\/—2
Tuong tr ta cOv, =——5— (c)
V.V,
1+ 2

Nhu vy tir phép bén doi Lorentz (6-1) ta &@h raduoc cong tirc oyng van toc
theo li thuyt terong doi nhu sau:

. \% V
V. +V Vy 1-= V=3
V=t oy =— 2% y=1_° (6-3)
1+ % 1+ % 1+ %
C C C

Vv Vv
v —v VoA [l-— VA 1=—
= VS V= (6-4)
V.V, y V.V, V.V,
1-— 1-— 1-—
c C c

Chuay:

Cac béu thrc (6-3)dugc ap ding cho trong hop: chov,, v, v, tim v, , v, , v,. Con
nguoc lai dung cac cong it (6-4)
Bai tdp 6.1 :

Trong & qui chiu quan tinh O anh sang tinydoc theo thc OX €O \n t6¢ vy =

c = 3.1 m/s. Hay tinh §n t6c v caa anh sang trongehqui chiu quéan tinh O Hé
qui chiu quan tinh Ochuyén dong déi véi hé O v6i van toc v

Phwong phap gii
Tacoy=c,y=0vay=0

2 2
/ v / v
Vy 1_7 VZ 1_7
Theov,=——%  v,=—"_C tasuyrav,=0,v,=
V.V, V.V, Y
1-— 1--—
C C
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. vV, -V C-v _C-Vv_Ec(CV
Theo v, = va == c=
1-—x 1-— 1-- ¢V
C Cc Cc

Vay van tbc 4nh sang trongeho
V= v+ v2 = @+0+0=c

v=c=3.10 m/s
Nhu vay van téc anh sanh trén caé quan tinh khac nhau ladgig nhau

Phép bin doi Lorentz 1a phu bp véi tién dé 2 aia li thuyét trong doi

Bai tap 6.2
Trong k& qui chiéu quan tinh O anh sang ténydoc theo tnc OY ¢ \an toc Vy
=c=3.16 m/s. Hay tinh §n tbc v cia anh sang trongetqui chéu quan tinh O Hé

qui chiéu quéan tinh Ochuyén dong i véi hé O wGi van e v.

V.2.Tinh twong d6i cia khoang khéng gian

Ta c6 hai B qui chéu quan tinh OX va X .
Hé O X chuyén dong trot 1én OX Wi van toc v
Mét thanh c6 cliu dai ¢ dit dang yén dc theo toc OX :
[ =% —X
Dé xacdinh chéu dai @a thanh trong® O X ma n6 chu§n dong: ¢ = x
Quan sat vién tronghO X phdi xac dinh Vi tri dau va cui cia thanh &i cling

2 T X

mgt thoi diém t.
Tir phép bén doi Lorentz (6-1) ta co:

W<
+
<
—~

(a)

=<
I
T
OI\J‘<I\J

X, + vt (b)

ke
1
T
o‘<
N N

Tu (a) va (b) ta suy ra:
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%X = —
o
. Va
Hay: 0=/ 1—? (6-5)
2
Vi: 1-2 <1
C
Nén : </

Chiéu dai aia thanhdo dwect trong hé qui chdu ma né chusn déng ngin hon
chieu dai aia thanhdo dwroc ¢ trong k¢ qui chieu ma nédirng yén.

S co ngi'n ch xay ra theo plrong chuyn déng. Con plrong vubéng goc &
phuong chuyn dongbinh twong(khdng co).

Ghi nhe:
a/ Bé dan ra béu thirc (6-5) quan sat vién trong IO phai xac dinh diém dau vadiém
cudi cia thanh i cing nét thoi diém: t, =t, =t
b/Chiéu dai @a thanhdugc do trong toong hop: ngroi do va thanhtiang yénddi voi
nhau,dugc goi la chieu dai riéng va ki Bu la 7, .

, Chiéu dai @a thanhdugc do trong trong hpp: ngroi do va thanh chudn dong
doi véi nhau dugc goi la chieu daidong va ki h¢u la 7.

Theo |i thugt twong dbi ta c6 quan & giita chéu dai riéng/, va chéu daidong

0
V2
4 =£o1/1_?
Chiéu dai riéng dai én chiéu daidong: ¢, > ¢
Chu y:

2

. N&uv:Q6cmLh—§~:03
2

. mwv:OBCmnh%5:05

Bai tap 6.3 H¢ qui chiu quan tinh OXding yén. H qui chiéu quan tinh X" song
song \6i OX va chuyn dong doi vai OX vai van toc v = 0,8c. Mt thanhcjét doc theo
truc OX. Boi voi nguoi dung trong i OX thanh c6 chiu dai ¢ = 1m.Doi véi nguoi
dang trong 8 O X thanh c6 cléudai ¢ bang bao nhiéu?

PapsH: ¢ =06m

Bai tap 6.4 Hé qui chéu quan tinh OXiing yén. k qui chéu quan tinh &X' song song
vai OX va chugn dong doi vaoi OX véi van toc v = 0,6¢. Mt thanhdat hop voi truc OX
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mot goc a = 45. Doi Vvéi nguoi dung trong & OX thanh c6 clu dai ¢ = 1m.Déi voi
nguoi ding trong & OX thanh c6 cliu dai ¢ bing bao nhiéu?

PapH: ¢ =09m
V.3.Tinh twong déi cia khoang thoi gian

v—l x

O X

Gia sr & diém A toa do x, trong i OX ma Adung yén. CO6 &y ra ndt bién b
kéo dai trong khing thoi gian : At=t, -t

Hay xacdinh khaing thyi gian xy ra bén 65 d6 At = t, —t. trong ¢ O X chuyén
dong ddi véi A.
Tir phép bén d6i Lorentz (6-2) ta co:

(a)
(b)
Tu (a) va (b) ta suy ra:
(1-t)= =2
1- \éz
2
Hay: At = At 1—% (6-6)
V2

Vi: J1-5 <1 nénAt < At
Vay khaing thvi gian xiy ra @ia mgt bién o doi véi hé ma néding yéna t |a
nhs hon khaing thyi gian At cia bién o doi véi hé ma né chugn dong.
Ghi nhe:

Khoang thyi gian aia bén & dugc do trong trong hyp: ngroi do va bén &
dung yéndoi voi nhau duoc goi la khaang thoi gian riéng va ki Bu la At, .

Khoang thyi gian @ia bién o dugc do trong trong hyp: ngrdi do va bén o
chuyén dong doi véi nhau,duoc goi la khaang thoi twrong doi va ki hiéu la At. Theo li
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thuyét twong déi ta c6 quan & giira khaing thyi gian riéngt. va khaing thyi gian
twong ddi At:

V2

At, = Aty|1-—
C

Khoing thyi gian riéng ngn hon khaing thyi gian trong ddi: At, < At
Céau hei:

Truong hyp bién ¢ xay ra ti vi tri x, trong K& qui chiéu quan tinh O Hay din ra
biéu thirc todn loc the hién tinh trong doi cia khaing thoi gian theo Ii thugt twong
doi.

Bai tip 6.5
Hé qui chiéu quan tinh OXdung yén. K qui chéu quan tinh X' song song

v6i OX va phuﬁn dong doi vai OX vai van toc v = 0,8c. Mt bien oo xay ra ti A trén
hé OX . Doi véi nguoi dung trong B OX bien o xay ra trong khang thyi gian At =
10s.Doi vai nguoi dang trong & O X bien o xay ra trong khéng thoi gian At bang
bao nhiéu?
Pap &H: At =65
V.4.Tinh twong d6i cia ar dong thoi

~ Gia sir trong ¢ OX c6 hai bén 60 A va B¢ toa do Xa va X, Xay ra ti thoi
diem ty va k.

~ Theo phép ln doi Lorentz (6-2) quan sat viéhing trong # OX' chuyén dong
doi véi hai bien @ A va B Wi van toc v € ghi nhin hai bén @ A va B »ay ra ti thoi

diém :
VX
t, - %
t, _ A C2

h 2
1_V%2

A

(tA _tB)+ (XB - XA)yz

Suyra: t, -t = ¢ (6-7)
1- V72
c

Theo (6-7) &u bién o A va B xy ra ti hai diém khac nhau : x# xg. Quan sét
vién dung trén & OX thay dong thoi: ta = tg thi quan sat viéding trong & O X thay
khoéngdong thyi : t, #t,.

VI. Pong luc hoc twong ddi
VI.1.Kh 6i lweng
Theo ly thust twong déi khéi lvong quén tinh mi@ not vat phu thuse vao n e v:
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m=—1 (6-8)

Trongdo:
- mola khdi lugmg khi v = Oduoc goi 1a khdi lwgng nghi cua hat.
- m lakhbi lvong dong aia hat. Khdi lwgng dong aia hat 1a ham @a van toc v.
Khi van toc v tang khoi lvong dong m ing
Nhan xét:

Theo (6-8) Au v > c thi kibi lwvong m ladai luong 40. Cho nén v > ¢ khéngn
tai trong tr nhién.

Néu khdi lugng nghi cia hat mg # 0 thivan téc caa hat v < ¢ = 3.18 m/s.
Cau héi:
Trong tr nhién c6 ht nao c6 4n tic v = ¢ =3.16 m/s khéng? Gi thich
Bai tap 6.6
Tinh \an t6c v aia mot hat khi m = 2m.
pap $: v=259.18 m/s

VI1.2.Dong lweng
Pong lrong aia Vit theo ly thut tuong doi:

-

p=my=—2Y (6-9)
V
-

c

VI1.3.Phwong trinh déng luc hoc oo ban caa Vvat theo Iy thuyét twong ddi

- db
F=dP 6-10
m (6-10)
ﬁ:ﬂ:ﬂ(m(,)zﬂnw maV (6-11)
t dt dt dt

VII. N ing lwong theo ly thuyét twong déi
Theodinh ly dong ning ta co:

dA= Fds =dWw,
Suyra:  dW,=F.ds= F vd (1)
s - dp_d, -
Mat khac theo ( 6-11 )F -E-a(m V) (2)

Tk (2) vao (1) tatugc:
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dW, = vd my= ¢ dm¥ mdy v vdm mv.

dW, = Vdm- mvd- (3
Theo toan bc: v.dv = vdv (4)
Tk (4) vao (3) tatuoc:
dw, =v*dm+ mvdv (5)
Theo (6-8) ta co:
2
m=—_b - m=_ 5
V2 1- v
1_§ CZ
Hay : ém? — vVVm? = myc? = const (6)

L4y vi phan (6) tatuoc:
2 ém.dm — 2 rfiv.dv — 2 Vm.dm = 0
= mvdv=( é- \7) dn (7)
Thé (7) vao (5) tatuoc:
dW, = ¢dm (8)
Khi van toc v =0 thi kidi lvong chit diém m, vadong ring W; = 0. Khi \van toc
cua vat bang v thi khi lugng chit diem m vadong ning W; .
Wi m
Ly tich phan (8):  [dw, =c? [dm
0 My

Taduwoc déng ning theo ly thugt tirong doi:
W, :(m_ ”3) ¢ (6-12)

ol 1
_V2
1 % ,
Theo (6-12 ) tacod: MW mcé — mc?
Hay: mc= W, + mc
Taditt E=mé

Hay : W, =m,c -1 (6-13)

Vay: E=W+E

Khi vat dang yén: W = 0

Suyra: E = E=mc? ( 6-14)
Véi E, duoc goi la nang lergng nghi caa \at.
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Khi vat chuyén dong ring Iu:c,m‘g aia Vit cong thémdong ning vao fang hrong
nghi dugc goi la ning hrong toan phn E

\Ay ta c6 ring hrong toan phAn caa vat theo |i thugt trong déi

m,c?

2
-V

E= W+E, = mé&= (6-15)

Cau hei:
Hay chirng minh khi v<< ¢ thi tr biéu thirc dong ning theo Ii thugt twong
d6i W, = m &( 1y,
V2
o

Ta € dan raduoc biéu thirc dong ring @ dién: W, :%movz

Bai tap 6.7

Mot hat nhan nguyénit A dang yén cé khi luong ngh mys, phét ra tia phong
xa o ¢cO khbi lwong ngh m_va van t6¢ v,. Sau phong x hat nhan A bén thanh hat
nhan B c6 khi lugng ngh m g va \an toc ve.

Hay chirng minh theo li thudt trongddi: moa > m, + My
Bai tap 6.8

Tinh \an téc v cia hat khi dong ning W, bang ring lrong nghi E,
Pap $: v=259.18

CONG THUC VAT LY CHUONG 6
1/ Phép kin d6i Lorentz

:x' +vt Lo Xt
V2 V2
1_? 1—§
y=y y=y
z=7 (6-1) z=z (6-2)
VX VX
t+72 t_7
t= c t = c
V2 '
1_? 1_?

2/ Cdng thrc cong van toc

2 2
V V
V. +V Yy 1-= V1=
vy e, e ©-3)
1+ % 1+ % 1+ %
C Cc C
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\Y; Vv
V. =V Vy 1_7 Vz 1_7
v, =X v =—Y C v, =1 C (6-4)
V.V, y V.V, V.V,
1- 2 1- 2 1- 2
C C c

3/ Tinh trong d6i cua khaing khéng gian

2
v=0, 1—% (6-5)

4/ Tinh trong d6i cua khaing thyi gian

2
= At /1—% (6-6)

5/ Tinh trong d6i cua sr dong thyi
) e x) Y
t, —t, = (6-7)
-V
-V

6/ Khoi lugng trong doi

m=—11 (6-8)

p=my=_b (6-9)

F=2p (6-10)
F=dp_d 5 =9m, ndv (6-11)
dt dt dt dt
9/Ning hrong theo Ii thugt trong déi
a/bong ning:
W, = &(m- m) (6-12)
b/ Nang krong ngh:
E = mg (6-13)
¢/ Nang hrgng toan phn:
E= W+E = mc (6-14)
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CAU HOI TRAC NGHIEM CHUONG 6
Cau 1: Nha Bé&c bc Eineteindd dwa ra |i thugt trong ddi hep vao mm nao?
a) 1900
b) 1905
c) 1910
d) 1915

Cau 2 Goi N 1a o hoc Newton va E lae hoc twong doi. Hay chon phéat béu ding
nhat:

a) E va N hoan toadoc lap nhau
b) E phidinh N

c) E chinh xac bn N

d) E bao ham&N

Cau 3: Goi G la nguyeén litong déi Galilei va E la nguyén liong déi Einstein. Hay
chon phat béu ding nhit:

a) E va G hoan toadoc lap nhau
b) E phidinh G
c) E chinh xac bn G
d) E bao ham&«G
Cau 4: Goi G la phép hin doi Galilei va L 1a phép I#in doi Lorentz. Hay chn phat
biéu dang nlat:
a) L va G hoan toadoc lap nhau
b) L phadinh G
c) L chinh xac bn G
d) L baohamé&G
Cau 5: Cho hai nénh & (MP):
MP1: “Cécdinh luat vat ly gidng nhau trén wi hé qui chéu quéan tinh”
MD2: “CAc ¢ qui chéu quan tinhittong duong nhau”
a) Mb1 sai MD2 dung va cétong quan
b) MP1 dung Mb2 dung va khdong carong quan
c) Mb1duang Mb2 dung va cottong quan
d) Mb1 sai MP2 sai va khéng carbng quan
Cau 6: Cho hai nénh & (MP):
MP1: “Van téc anh sdng ghg nhau trén wi hé qui chiéu quan tinh”
MD2: “Thoi gian trén cac &iqui chéu quan tinh khac nhau la khac nhau”
a) Mb1 sai MD2 dung va cétong quan
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b) MP1 dung Mb2 sai va khdng cartyng quan
c) Mb1duang Mb2 dung va cotong quan
d) Mb1 dang Mb2 dang va khéng carong quan

Cau7 : Theo © hoc trong ddi Einsteindai lvgng nao saday khdng ph thuoc vao 1
qui chiu quan tinh:

a) Khéi luong m

b) Thoi gian t

c) Van tbc &nh sang c

d) bong ning Wy
Cau 8: Doi voi hé qui chiu gan lien voi hat Mezonp thi thoi gian $ng aia hat 1a T,
=2,4.10° s. Hat Mezonp chuyén dong doi véi mat dat véi van toc v = 0,8 ¢, vi ¢ =
3.10 m/s. Vay khaang duong d ma ht Mezonp di duoc di véi mat dat dén khi phan
ra la:

a) d=576m

b) d =960 m

c) d=470m

d) d=1.000 m

Cau & Mot hat c6 khdi lwong nghi m, = 6.10™ kg , chugn dong wi van toc v = 0,8
c, Wi ¢ = 3.10 m/s. \Ay dong ring W, cua hat bang:

a) Wy=361J

b) Wg=360J

c) Wy =3.600J
d) Wy =36.000J

Cau 10 Mét hat c6 khbi luong nghi m, = 6.10' kg , chugn dong wsi van toc v = 0,8
c, Wi ¢ = 3.1¢ m/s. \Ay nang lugng toan phn aia hat bang:

a) E=9J

b) E=90J
c) E =900J
d) E = 9000 J
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CHUONG 7: NHIET HQC

|. CAc khai niém mé dau
1.1 Chuyén déng nhiét

Chuyn dong nhét 1a chuyén dong bn loan khéng ngng aia cac phanit hay
nguyeén t.

Phan Tich:

Chuyen dong nhgt 1a chuygn dong hon loan khong ngng aia cac phanit
trong ndt tip hop cd $ phan tr rat 1on.

, Gia sr trong ndt the tich V ch chira c6 n§t phan & khi thiday khong phi 1a
doi tuong nghién @¢u chuyn dong nhét caa chi dé nay.

1.2. Nhiét do

Nhiét do T la dai luong vat Ii do ning lrong chuyn dong nhét trung binh aa
cac phanit hay nguyénit. Theo li thugt dong hoc phan & khi thi nhét @6 T caa khi

li twong 1 18 voi dong ning tinh tién trung binh ga phani khi: T = gW, = ,8% my .
Pon vi caa thang nhit d6 tuyét d6i T 1a K (nhiét giai Kelvin), don vi cia thang

nhiét do bach phan t I&C ( nhit giai Celsius ).Ta c6 quare lyiita thang nhit do
tuyét doi T va thang nhit o bach phan t.

T =t + 273,15 (7-1)
Cau hei:
1) Nhiét @6 tuyét ¢6i T c6 thé bing 0 va Am khong? &ithich
2) Nhiét d6 bach phan t c6 éhbang 0 va am khong?
3) Nhiét d6 bach phan t c6 giitgiéi han nh nhit baing bao nhiéu?
4) Khi nhiét do caa mdt khéi khi ting thi ¢ do caa phani khi thé nao?

1.3. Ap suit
Ap st p 1a dai luong lyc tAc ding vudng goc Ién a1 don vi dién tich.
F
= _n 7—2
p = (7-2)

Trong Fe don vi Quic t (S.1)don vi &p sét la N/nf ( Pa).
Ta c6 quan &iN/m? véi nhitng don vi 4p siét khac ngoai & (S.1) :

1 mmHg = 133,322N'm = 1 Tor (Torricelli)
latm = 10,1325.{0/m* = 760 mmHg .
lat = 9, 81.20N/nY = 736 mmHg .

Ap suit dong hoc oia cHit khi do cac phanatkhi chugn dong va chm vao
thanh binh gay ra.
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Cau hoi:

Trong “giac hi” nguoi ta ho ndng b thay tinh, ©Bi Gp 1&n krng ngroi, da kng
phong 1én trongd thay tinh. Gai thich, &i sao \ay?

Tham khao (doc thém)
Torricelli (1608-1647) - Ngoi Y

~ Bvangelista_Torricelli, ngoi duwoc xem lada phat minh ra 4péd da xay dmg
ap ke thuy ngan dau tién vao am 1643

Sau khidat duwoc két quad tdi wu ¢ truong dong Faenza, Torricellién Roma dé theo
hoc cac mén khoadt ¢ truong dai hoc Sapienza. di day, 6ng la bc tro aia Galileo
Galilei, 6ngda bién san ngt tiéu lugn cho ung: qw dgo chuyn déng aia not vat
ném xién la Mt dwong cong parabol.

Nam 1641, éngdi Florence duwoc nhin lam the ky kiém to ly cho Galilei Itc
bdy gio da bi mu. Sau céi dft ciia Galilei, Torricelli dwoc bé nhiém lam Gido s toan
¢ Florence. Nm 1644, dngdy ong thus tinh c6 bit kin mot dau, dai 1 mét, sau kias
day thw ngan (Hg), dung ngén tayittchit dau he 6ng, cho vao cfu chra day thw
ngan. Git thuy ngan trongong cao khéng 760 milimet tinhit mat thup ngan trong
chau .

1 atm = 760 mmHg 1a &p sucia oit khi quyn ngang nit rwséc bién
[.4. kmol

kmol 1a krong chit chra $ phant hay nguyénit bing $ Avogadro:

N=6,02.16
Ta c6 ki lvong aia ot kmol aia ot 5 chit :
H: u=2kg
H: un=4kg
N: un=28kg
©: U= 32kg
COQ u=44kg

Cau hoi:
1) Mét phani khi N, c6 kibi luong bao nhiéu?
2) S6 phan mée (H0) trong 1g ndc ?

[I. Phwong trinh tr ang thai khi li twéng

[.1. Khi li twong

Khi Ii txong 1a clat khi ma khi nghiéni c6 th bo qua s trong tac gka cac phan
tr, chliing chtwong tac wi nhau khi va cim .

Srva clam gita cac phanitva gira phan it véi thanh binh tuan theo thg qui It
cua va clam dan foi.

Khi Ii tuong 1& mé hinhia ot chit khi ax thé ¢ diéu kién loding — ap dinthap.
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[.2. Pinh luat Boyle — Mariotte

Boyle (1627 — 1681) ngi Anh, Mariotte (1620 — 1684) ngi Phapbinh Iuit Boyle —
Mariotte do Boyledua ra aim 1662 va Mariottetua ra am 1679.

Qua trinhding nhit 1a qua trinh nén hay dan d&hkhi va gir nhiét do
khong doi (T = const).

Phat biéu:
~ Trong qué trinh nén hay daing nhit mot khoi khi Ii twong c6 kidi luong khongdoi,
khoi khi tuan theainh Iuat Boyle — Mariotte:
pV = const <3)
Biéu thic (7-3) ladinh ILat Boyle — Mariotte

A
Y
~Trén I truc OpV qué trinhdang nhét
bicu dén hing duong cong hyperbol
duoc i la duong dang nhét .
O o Y
Nhan xét:

1) Trong qué trinhding nhét thé tich V va ap sit p aia khdi khi ti I¢
nghich.Trong qua trinh néding nhét khi Ii trong. Neu thé tich V giam di 2
lan thi &p sét p ting Ién 2 in.Trong qua trinh dading nhit khi 1i trong. Neu
thé tich V ting 1én 2 4n thi ap sét p giam xuéng 2 An.

2) Bét cu chit khi nao cla trong binh: B N, O, ....ma tuan thedinh luit Boyle

— Mariotte (7-3) thduoc goi la khi Ii rong. Nhr vay khi i trong la nt trang

thai aia chit khi, ¢ diéu kién lodng, ap sit thap, cac phanit khéng trong tac

nhau.
3) Cac clat khi ¢ diéu kién: cac phanit & gan nhau, tong tac Wi nhau, ap sit
cao, khong tuan thedinh [uat Boyle-Mariotte (7-3)dugc goi la khi thrc. Nhr

vay khi li twong hay khi tiec 1a hai tang thai @¢ia chit khi c6 thrc cu thé: H,,

Ny, O ...

Phan tich:

Theo thugt dong hoc phan & khi nhigt do T cua khoi khi cang bn thi ¢
d6 caa phan i khi cang én. Toc d6 phan & khi cang &én khi va clam vai thanh
binh € tac ding Ién thanh binh &t luc cang én.

Trong qua trinkiang nhgt nhigt 4 T khdngdodi, dan dén toc do trung binh
cac phant khi khongdai, dan dén luc phan ¢ khi tac ding 1én thanh binh khi va
cham khongdoi.

Khi néndang nhgt, vi dy thé tich V aia khoi khi giam di 2 lan thi mit do
phan tr khi: np = n/V ting 1&€n 2 &n, din den lyc coa cac phanut khi tac ding lén
mot don vi dién tich thanh binhihg 1€n 2 &n, din dén ap sdt p ting 1é€n 2 &n.
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Cau heéi:

1/ Sosanhnktdo T,va T,

2/ So sanh nlgt @0 T, va T3

[1.3. Pinh luat Gay - Lussac
Gay Lussac (1778 — 1850)wg Phap
binh luat Gay Lussac do Gay Lussdca ra riam 1802.

~ Quéatrinhiang &p la qua trinhchnéng hay lamahh khbi khi va git 4p sit khong
doi (p = const).

Phat biéu:
Trong qué trinh & néng hay lamanh dang 4p nét khéi khi Ii tusng c6 kibi
lwrgng khéngdoi. Khoi khi tuan theaiinh ludt Gay Lussac:

V
— =const 7— 4
- (7-4)

Biéu thirc (7-4) ladinh ludt Gay Lussac.

Trén I¢ tryc OpV qua trinhiang 4p béu dién bing doan thing song song Gi
truc OV, duoc goi la duong dang ap.

A
P T, T,
.......................... *—<+—>—0
L
O e i H >
V1 Vo

Nhan xét:

1) Trén hinh € nhiét @ T, nho hon nhit do T,

2) Trong qué trinkiing &p tié tich V aia khbi khi ti 1¢ thuan véi nhiét do T

3) Khéi khi tuan theatinh lat Gay Lusacc l1a khi lung
Cau hei:

Hay dung Ii thugt dong hoc phan & khi, gii thich &i sao trong qué trintidng

ap khi nhét do T khdi khi ting 1én 2 4n ma &p sit p khdi khi lai khdngddi.
[1.4. Pinh luat Charles

Qua trinhiang tich la qua trinhdh néng hay lamanh khbi khi va gir the tich
khéngdoi (V = const).

Phat biéu:
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Trong qua trinh & néng hay lamanh dang tich ndt khoi khi I teong c6 kibi
lurong khéngdoi. Khoi khi tuan theatinh luat Charles:

P_
= t 7-5
cons ( )

Biéu thirc (7-5) ladinh luat Charles

Trén t¢ tryc OpV qua trinhdang tichduoc biéu dién bing doan thing song
song Vi truc Op,duoc goi la duong dang tich.

p A
p2 ...................................... T2
pl ...................................... Tl
A
O . L

Nhan xét:
1) Trén hinh € nhiét @6 T, nho hon nhit do T,
2) Trong qua trinktang tich ap sit p aia khoi khi ti 18 thuan véi nhigt &6 T
3) Khéi khi tuan theatinh lat Charles la khi litong
Cau hoi:
Hay dung Ii thugt dong hoc phan & khi, gii thich i sao trong qué trinliang

tich khi nhét d6 T khdi khi ting I&n 2 4n thi &p sht p aia khbi khi ciing ting 1én 2
lan.

[1.5. Phwong trinh tr ang thai khi li twéng

A

P1

P2

»
»

o
O Vi \'Z \Y,

~ Cho dan khi khi Ii twong tir trang thai (1)dén trang thai (1) theo qua trinh
dang nhét ¢ nhiét @6 T,. Tur dinh luat Boyle - Mariotte, ta c6:
191 = p Vs (1)
Ho néng kidi khi tir trang thai (1) nhiét do T, dén trang thai (2) nhit do T
theo qua trinkiang tich.
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Tu dinh [uat Charles, ta co:

T 2)
Thé (2) vao (1) ta suy rals = P22
T T,
Vay: pTV = R=const

Trongdé R la ling © khi Ii trong dugc xacdinh bing thrc nghém .

T thuc nghém, Trong & don vi Qudc € (S.1),ddi vai mot kmol khi Ii rong, ta xac
dinh duoc.

R = 8,31310kmol.K
Suy ra: pV = RT (7—- 6)
Biéu thirc (7-6) la plxong trinh tang thaiddi véi mét kmol khi i twéng.

D& dang suy ra ptong trinh tang thai khi Ii téng déi véi mot khoi khi cé
khoi lwong m Lt Ki.

pv ="RT (7-7)
U
Trongdo p 1a khji lwong aia 1 kmol khi
pit: R =k N, (7-8)
Suy ra: k=" = 8,31.10 =1,38.10°J K

N, 6,02.16°
k = 1,38 4W/K: 14 hing $ Boltzmann.
Biéu thic (7-7)dugc viét lai:
pV = nkT (7-9)
Véi n la £ phan & khi co trong binh.
Nhan xét:

Moi chat khi khac nhau: B N, O, ..., néu c6 cung th tich Vv, &p sat
p, va nhét d6 T thi theo (7-9) & c6 cung & phan & khi n.

Cha y:
1) Trong béu thac (7-7)
- Pon vj 4p xuit p: N/n. Sinh vién hay saidly don vi at
- Pon vi thé tich V: n. Sinh vién hay saidly don vi it
- Pon vi khéi lugng m: kg. Sinh vién hay saiy don gam (g)
- Pon vi nhiét @6 T: K. Sinh vién hay saidly don vi °C
2) Trong béu thac (7-9) sinh vién hay sai:ogn la  mol.
Cau hei:
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Hay trinh bay cachZh tr biéu thirc (7-7) ra béu thac (7-9).
Bai tap 7.1

Cé hai binh A va Bdugc néi véi nhau bing mot dng nho cé khéa va
chira cung lai khi Ii tuong. Binh A c6 tk tich Vi, ap sat p; = 5.1¢ N/m?
va nhit d6 T, = 300K. Binh B c6 thtich V, = 4V, ap siét p, = 100 N/m?
va nhiét d6 T, = 400K.

Mo khéa, khi can dng duoc thiét 1ap, ching cé cung &p sy nhung
nhiét d6 moi binh van gitrt nguyén gia trbandau. Ap suit p cia k¢ bang bao
nhiéu?

Pap 9: p = 2.16 N/m?

~ Hwdng din: Ap dung phrong trinh tang thai khi Ii tténg va nks ring
khoi luvgng aia hé trudc va sau my khoa ling nhau.

[ll. N §i nang khi li twéng
[11.1. N ¢i nang khi li twéng

No6i ning khi Ii tréng bing tong ning lrong chuyn dong nhit hdn
loan ciaa cac phantt khi.

[11.2. Sé bac tw do cia phan tir
[11.2.1. Pinh nghia

S6 bac ty do i aia phan t 1a s toa d6 can thiét ¢é xacdinh vi tri cua
phan tr trong khéng gian .

[11.2.2. Phan ti¥ mgt ngyén tir: He

Do6i véi phan & mot nguyén & duoc biéu dién bing mjt chat diém chi
cO chuy¥n dong tinh tien. bé xac dinh vi tri trong khdng gianan 3 ta 46 :
X, VY, Z

Vay phan &t mot nguyént c6 $ bac tw do: i =i, =3

[11.2.3. Phan t& hai nguyén tir:H,, Ny, O,...

Phantt hai nguyén duoc biéu dién bing k¢ hai chit diem. Phan
vira ¢6 chugn dong tinh tien trong khdng gian, wa c6 chugn dong quay .
bé xacdinh chuyn dong tinh tien trong khong gianin 3 ta do (X, y , z).
bé xacdinh chuy¥n dong quay quanh cacuc (1) va (2) én 2 tam d6 goc
(o, 9).

Vay phan tr hai nguyént c6 $ bac ty do: i = 5.
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Trong d6: Chuyn dong tinh tién iy = 3 va chugn dong quay j = 2

l11.2.4. Phan tir cé ba nguyénir hay nhiéu hon: CO, ...

Phanit c6 ba nguy@nithay nhéu hon dugc biéu dién king k¢ ba ctat diém. Co
sbbactrdoi = 6. Trongid c6 ba Bc tr do (X, y, z) xadinh Vi tri cho chugn
dong tinh tién trong khéng gian . Baab tr do (@, @, 0 ) xacdinh chuyn dong quay
quanh cac trc (1) , (2) va (3).

Trongdd: Chuyén dong tinh tién i, = 3 va chugn dong quay j = 3
111.3. Pinh luat phan bd déu niang lwong theo céac Kc tw do
111.3.1 Phat biéu:

Ning keong chuyn déng nhit trung binh @a phan & khi Ii teeng diroc phan
bé déu cho cac bc tr do. Mji bdc tr do c6 ing keong trong iing hing % KT.

Ta c6 ring lrong chuyn dong nhét trung binh déa cac phanit

W o= kT (7-10)

i
2

Trongdé: k = 1,38.13% J/K & ting $ Boltzmann.
Nhan xét:

Ning lrong chuyn dong nhét trung binh aa phant khi khéng ph thusc vao
khdi legng aia phant khi.

111.3. 2.Bi éu thirc ndi niang khi li twéng
Tu (7-10) ta suy radi nang aia mjt kmol khi li trong:
— i [
U=NW = N,—KkT = —RT
ATT A 2 2

Hay: U= 2 RT (7-11)
D& dang suy radi ning déi vai mot khdi khi bat ki c6 ki lwong m:
= DLlRT (7-12)
M2

bon vi cia rHi nang la Joule (J)
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Noi nang khi li trong con @i la nhiét nang.

Bai tap 7.2
Mot khdi khi Ii tuong bién doi theo chu trinh 12341 mhhinh \&.
Pl o 2 e par
1- 2 :Qué trinntang ap
2 -3 :Qua trinhiing tich
e 3 3.4 :Qua trinhtang ap
i ', 4-1:Quatrinhdang tich
O \

1) Hay \& lai chu trinh 12341 trong &t phing pT
2) Hay & lai chu trinh 12341 trong #t phang VT
3) Hay & lai chu trinh 12341 trong #ih phang UV
4) Hay & lai chu trinh 12341 trong #h phing Up
IV. Cac qua trinh nhiét
IV.1. H¢ nhiét dong

~ Hé nhiét dong la ndt tap hop chit duoc gioi han trong ndt khoang khong gian

nhat dinh. Vi du: mét khoi khi li tuéng chra trong nét binh co tié tich V.
IV.2. Trang thai can hing

Doi véi he la khoi khi I twong thi tang thai can Bng la tang thai cé th tich
(V), ap sut (p) hay nhit do (T) khdngdoi theo thyi gian.

Tréndd thi OpV trang thai can bng duoc biéu dién bing mdt diém.
4
] A

M P

V
Oc —> O

v

IV.3. Qua trinh can bang
Qua trinh caning 1a ndt chubi lién tiép nhing trng thai can bng.

Tréndo thi OpV dugc biéu dién bing mdt dudng cong. Qué trinh caraibg &
mot qua trinh li téng.

Trong thrc & cAc qua trinh nén, dang Inéng, 1am dnh At chim duoc xem 1
qua trinh §n dlng Wi qua tinh can ing .

IV.4. Qua trinh thuan nghich va khdng thuan nghich

Qua trinh than ngtich la qua trinh &di ti trang thai (1)dén trang thai (2). Khidi
nguoc lai tr (2) dén (1) ke di qua it ca cac tang thai trung giani@a qua trinh (& 2).

Qua trinh than ngtich @t yéu phii 1a qué trinh canang.
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‘Qué trinh khéng thn nghich la qué trinh ma khiéhdi ngugc lai hé khéongdi
quaday du cac tang thai trung giani@ qua trinh than. Cac qua trinh thc xiy ra
trong tr nhiéndéu la qua trinh khéng thin nghch.

V. Cong va nhigt
V.1. Nang lwgng cia hé

Néu hé 1a khéi khi Ii twong thi ring lwong cia hé 1a moi naing U. Noi
nang U la npt hz‘glm tang thai,& moi trang thai chi c6 mjt gia ti ndi nang. Khi
trang thai thaydoi thi noi nang thaydoi . Khi h¢ thuc hién theomgt chu trinh
thi @6 bien thién i nang king khéng:AU =0.

Hay: [du=0 (7 = 13)

(c)
‘ Biéu thic (7-13) dén ta U 1& ham trang thai va vi phan dU |a vi phan toan

phan .
Phan tich:

Theo toan hc néu mot ham Z c¢6 vi phan dZ #m man: [ dz=0 thi dZ Ia vi

©
phan toan pin

Theo nhét dong hoc nfu mot ham Z ¢6 vi phan dZ da mén:j dz =0 thi ham
(c)
Z la ham tang thai.

V.2. Cong
V.2.1. Cong vi phan

Coéng A la plrong thrc ma & traoddi nang hrong Wi bén ngoai théng quarsién hay dan
piston.

Coéng A ladai luong do d6 bién thién @a mi nang aia k. Bon vi caa cong 1a (J)
Nguoi ta quiudc:

Ccéng A ma khi khi nhan vao la céngdong: A > 0

Co6ng ma khi khi sinh ra Ala cong am: A< 0

Vi(1)------ > <«----d/
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Ta c6 cong vi phaA ma kibi khi nhan vao khi nén pittdng (pistordj mot doan

ds.
A = Fdv
Vi qua trinh can ing, nén:
F=pS
V6i S 1a din tich piston va p 1a ap &uchit khi:
. A = pSd/ = pdV

Véi: dV = Sd/ 1a thé tich vi phan .

Vi thé tich V ladai lugng bén thién. Nénio bién thién d@a té tich V: dV = \, —
Vi

Vi. A> 0 va dV< 0:Quatrinh nén¥ V;
My A = - pdV (7-14)

Cha y: Khdng dugc viét ky hiéu cong vi phan ing dA ma phi viét ky higu cong vi
phan lingdA. Vi cong A la ham qua trinh khénggoiham tang thai, cdng vi phamdA
khéng phi 1a vi phan toan pdn. C6 nglta:

[oAz0
(©)
V.2.2 Cong trong qua trinh can king

~ Neu piston dch chugn mot daan dai tr (1) dén (2) thi cdng trong qué tring can
bang (1— 2) duoc tinh theo:

()
A=~ [ pdv (75)1

()

V.2.3. Ching minh c6ng trong qué trinh (1-2) c6 gia tr bang dién tich duoi
dwong cong qua trinh (1-2)

D& dang clirng minhdugc cong trong qud trinh cararg (1 2 ) c6 gia tr
bang din tich drdi duong cong qua trinh (& 2).

A

(1)

©
v

S

v

<
->
<
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Ta chia phn dién tich dréi duong cong qua trinh :2) thanh nitng O nko.
Ta c6 dén tich nmot O nh: dS = p dV.
Suy ra dén tich droi duong cong qua trinh (> 2).

S= [ pdv (a)

So sénh (a) i (7-15) tacod: S FA,|

Do d6 céng A sinh ra trong qué trinh {2 2) bing va trai du véi cong A nfin
vao ding trong qué trinh  1).

A =A (7 — 16)

V.2.4.Chirng minh cong la ham qua trinh

Dé dang clirng minhdugc céng la ham qua trinh

Ta c6 hai tang thai (1) va (2).

Néu he di tir trang thai (1)dén trang thai (2) theo qua trinding nhét thi gia ti
cbng A, dugc dien ta bang dén tich plan gach thang dang.

Néu he di tr trang thai (1) d&én trang. thai (2) theo qua trlncﬁang tich (1-3) va
qua trinhding ap (3-2) thi cong A, duoc dién t bang dién tich pln gach ngang.

Nhu vy di tir trang thai (1)dén trang thai (2) theo qua trinh khac nhau c6 gia
tri cong khac nhau. 8y céng la ham qua trinh.

A

o G

Oe é
V.2.5. Cong theo chu trinh
Chu trinh la Mt qua trinh khép kin.

A

p A <0

1)

@ -L-LA 1.
v

[
@ -7----1-
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Gia tii ciia céng khi B di tir trang thai (1)dén trang thai (2):|A,|= dién tich
phan gach thing diing va | sinh céng, cdng am :,A< 0

Gia ti ciia cong khi B di tir trang thai (2)dén trang thai (1):|A,|= dién tich
phan gach ngang vad nhan céng, cong gong; Ay > 0

Coéng theo chu trinh A; = A;, + Ayq va gia tf cia cong theo chu trinh:

|AL|=|AJ—|A ,| = dién tich gii han boi chu trinh.

Néu chu trinh theo cBi kim dong h, hé sinh cong, cong am: A 0

Néu chu trinh ngoc chiéu kimdéng b, ¢ nhin céng, céng ebng: A > 0
V.3. Nhiét lwgng

Nhiét lugng Q la nét pheong thrc ma R trao ddi nang hrong VGi bén ngoai
thdng qua s chuyén dong hon loan aia phani. Bang cachdun nong hay lanahh g.

Nhiét luong Qduoc goi tat 1 nht.

Trong k¢ don vi Quic t (S.1) don vi caa nhét Q 1a (J).

Ngoai I¢ Sl, ngroi ta con dungion vi calo (cal): 1 cal = 4,186 J

Nhiét Q ladai lwongdo dé bién thién i ning U aia Fe.

Ngudi ta quivdc nhist ma ke ninvao laQ >0 vanBiimatetoarala Q< 0.
Nhiét cung ép cho 1kg cht ting I&n 1Kdwoc goi la nhiét dung riéng c:

- R _
c= e (7-17)
Hay: Q = cmdT (7- 18)

Nhiét lvgng cung &p cho 1kmol cht ting [én 1Kduoc goi 1a nhiét dung phan
tar.
€puc (7 -19)
Trongdoé u khdi lugng aia 1kmol chat .

Vay: ¢D=C%JT (70)2

VI. Nguyén Ii thi nhit cia nhiét déng hec
VI.1. Phat biéu :

Trong mdt qué trinh bén doi do bién thién @i ndng AU cua hé bang 6ng aia
cong A va nkdt Q ma g nhgn vao trong qua trinlaé.

AU = A+ Q (7 -21)
Trong qua trinh vi phan:
dUSA + 3Q (7 —22)

Ban chit vat I caa nguyén Ii thr nhat nhiét dong hoc 1adinh luat bao toan ng
luong gita @y ning va nhét nang.
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Bai tap7.3 Mot hé nhiét dong la mdt khdi khi Ii twong thrc hién theo nét chu trinh
(12341) nix hinh \&

A > ? ’

Pl Qua trinhding p L 2 c6 ap sit p, = 4.1 N/n?
Qua trinhding tich 2. 3 c6 tré tich \V, = 6 it
Qua trinhiing &p 3- 4 c6 &p sit p;, = 2.1 N/t

4 3 Qua trinhdang tich 4- 1 ¢ tte tich V; = 3 lit
o Ly Hay tinh nhét trong chu trinh (12341)
O v
Pap 9: Q=61

Hurdng din: Cong @a chu trinh bng ©ng cdng @a cac qué trinh va aping
nguyén li thr nhat caa nhét déong hoc.

VI.2 . H¢ qua
VI.2.1. Nhiét la ham qua trinh

1) Ta xét hai tang thai (1) va (2).
(@) Ap dung nguyén Ii th nhat cho qua trinh (1a 2):
AU=U,-U = A+Q
Ap dung nguyén Ii tir nhit cho qua trinh (1 b 2):
(b) @ AU=U,—U = Ap+Q
SuyraAU=U, - U = A+ Q= A+ Q

Vi A, # Ay (do cdng la ham qua trinh), nén ®
Qp. Vay nhiét Q aing la ham qua trinh.

VI.2.2. Nhiét theo qué trinh

1 Ap dung nguyeén Ii thr nhit cho qué trinh (1 2):
AU = Uy — Uy = A+ Quo
Ap dung nguyeén Ii thr nhit cho qué trinh (21):
2 AUz = U= U= An + Q
Suy raiAUz; = -AUpp = Apn+ Q1 =- A — Qr2
Ta suy ra:
a) A1 =- A

- Néu A, >0 K nhan cdng thi A; <0 I sinh cdng va ngoc lai

- Cong trén cung Bt qué trinh (- 2) va (2-1) c6 cungio 1on va traidiu
b) @=-Qw

- Néu Q;; >0 K nhan nhiét thi Q; < 0 I toa nhit va ngroc lai
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- Nhiét trén cuing rit qué trinh (- 2) va (2-1) ¢ cungio 16n va traidau
VI.2.3.. Néu hé thuc hién theo mbt chu trinh
Hé thyc hién theo chu trinhAU =0
\ay theo nguyén i th nhit ta co:
A+Q=AU=0
Tasuyra: A =-Q hay Q = - A (7-23a)
Céng nkin vao king nhit téa ra hay nhét nhin vao laing cdng sinh ra.
VI1.2.4. Néu hé thwc hién theo qua trinh dang nhiét
Trong qua trinkiang nhét: AT = 0

vay: AU ="lraT=0
M2

Theo nguyén li thnht ta co:
A+Q=AU=20
Tasuyra:. A =-Q hay Q = - A (7-23b)
Céng nkin vao king nhit téa ra hay nhét nhin vao laing cdng sinh ra.
VI.3. Ung dung nguyén li thr nhat

Trong phin nay ching téng ding nguyén Ii th nhat dé xacdinh cdng va nigt
trong cac qud trinh caramyg.

VI.3.1. Qué trinh ding tich
1/ Qué trinh ding tich

Qua tri,nhdéng tich la qua trinhdnéng hay lamanh
mot khoi khi trong ndt binh co tié tich khongdoi

V = consl

2/ Cong trong qua trinhdang tich
Trong qué trinftang tich dv = 0
SuyradA = -pdv=0
Viy trong qué trinkdang tich céng #nh khéng.
3/ Nhiét trong qué trinh ding tich
Theo nguyén Ii th nhat (7-21) ta c6 nkéit Q trong qué trinkiang tich .
AU=A+Q
Vi trong qua trinkting tich cong A = 0
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Nen: Q =AU = DRraT (7-24)
M2
Suy ra nhét dungding tich:

i
¢= IR 7{25)

Nhigt dungdang tich 1a nht lugng cung @p cho 1kmol khi li#sng dé tang
Ién 1K trong qua trinkdang tich.

VI.3.2.. Qua trinh diang ap
1/ Qua trinh ding ap

I Qua tri,nhdéng ap la qua trinhcnong hay lamanh
mot khoi khi trong nét binh cé piston Ién xang tr

p = const do dé ap xuit khéngdai.

2/ Cong trong qua trinh dang ap
Ta c6 cdng trong qua trirdang ap.

(V) (V)
A, = - [pdv = -pfdv =p(V-V5)

() ()
A, =pM-V2) (7-)26
Ap = - pAv (7-27)

3/ Nhiét trong qué trinh diang ap
T nguyén i th nht ta c6 nhét Q trong qua trinktang ap:

Q AU-A = M1 paT + v (1)
M2
Tu pheong trinh tang thai khi li trong: pV :% RT.

Pdi voi qua trinhdang ap ta co: pdV =% RAT (2)
Thé (2) vao (1), tatuoc:

Q :g(_; +1)RAT (7- 28)
Suy ra nhét dungdiang ap:

G = (i_z +1)R 7-29)

Nhiét dungdang ap la nhit lugng cung @p cho 1kmol khi litong dé tang
Ién 1K trong qua trinkdang ap.

VI1.3.3 Qua trinh ding nhiét
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1/ Qué trinh ding nhiét

I Qua trinhdang nhét 1a qué trinh nén hay danoirkhdi
_ khi trong ndt binh co piston va ginhiét 0 T khoéng
T = const déi

2/ Cdng trong qué trinh diang nhiét
Ta c6 cbng trong qué tridgng nhét:
(Vo)
A= - IpdV 1)

(V1)
Tu pheong trinh tang thai khi li trong: pV :% RT

Ta suy ra: p W RT (2)
7Y}
Thé (2) vao (1) tatuoc:
(v2)
1,9\ = —ERT '[d_v
Ho @V
L4y tich phan tatugc:

Vi

A = %RTﬁn (B0)

2

Theodinh luat Boyle — Mariotte: Vp; = Vop,

Vay: A, = PRTinP2 (BL)
H Py
3/ Nhiét trong qua trinh dang nhiét

Trong qué trinkitang nhét ta co: AT = 0
vay: au ="LraT=0

U2
Theo nguyén Ii th nhit caa nhit dong hoc:

AU =A + Q =0
Suy ra nhét trong qua trinkdang nhét.

Vo 2 MprpnPe (8 — 32)

Q=-A="RrTm
vV, u P,

VI.3.4. Qua trinh doan nhiét
1/ Qua trinh doan nhiét:
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2/ Cong trong qua trinh doan nhiét
Theo nguyén li thnhit: AU = A + Q

Trong qua trintidoan nhit Q =0

Q=0

Suy ra cdng trong qua tridban nhit :

A =AU = Mlgat
M2

Nhan xét:

3/

1) Qua trinh némoan nhiét A > 0 suy raAT > 0: Nhét do hé T tang
2) Quatrinh dan dm nhit A< 0 suyraAT < 0: Nhiét dé hé T giam

Phrong trinh doan nhiét

Theo (7 —14) va (7 — 3336i voi qua trinh vi phan, ta c6:

U

T'E RAT = - pdV

Tu pheong trinh tang thai khi li tténg suy ra:

Chia hai ¥ chi nhétdo T
i_Rd_T + Rd—v =0
2 T V

Vi cV:i—ZR @ R =C-G

Suy ra: QO_'r—T ¥ (cp—c;,)o\'/—v - 0

Chia hai ¥ cho G,

(1)

2)

I Qua trinhdoan nhiét 14 qué trinh nén hay danoirkhdi
khi trong ndt binh hoan toan cach @hi

Nhu vay trong qué trinhdoan nhiét hé khéng traodoi
nang hrong Wi bén ngoai dai dang nhét:

(8 — 33)



-0 = o ©

Trongdé: y= <,
' o

L4y tich phan (3) tduoc:

INT + {—1)InV = const
Hay: Tv¥Y  =const (7 - 34)
Biéu thirc (7-34) |a plrong trinhdoan nhit.

Bai tap 7.4 : Mot binh cach nist duoc chia ra lam hai gim bing bt vach ngn.

Phan 1 c6 tig tich V; chia khi Ii réng, & nhiét @6 T,. PHin 2 ¢6 ti tich V, ¢ trang

thai chan khong. 30 mot 15 nho trén vach nan, khi Ii rong € dén @ tr phén 1 sang
phan 2. Xacdinh nhét do T caa khdi khi khi can Bing.

Pap 6: T=T,
VII. Pong oo nhiét va may lanh
VII.1 Pong oo nhiét

Ta c6 & d6 dong @ nhiét.

T .
Ql ......... w‘ v Ql Béng CD
3 Qyz A’
T, i

DPong @ nhiét 1a mat hé bién déi nhiét Q thanh céng A
Trongdong @ nhiét gom co:

- Ngudn néng T cung ép nhiét Q,

- Ngudn lanh T, nhan nhiét Q,

- Téac nhan hat dong theo chu trinh ciing ¢hi kim dong hd nhan nhigt Q; tir
nguwn nong T, sinh cong Ava tai nhiét Q, cho ngwn lanh T,.

Ta c6 héu suit caadong a nhiét.

n = m (7 —35)
Q
Theo nguyén li th nhit caa nhétdong toc : |A| =| Q| - | Q- |. Suy ra:
Q|
no=1- =2 (7 - 36)
Q|
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Mot dong @ nhiét nhan tir ngwn néng T mot nhiét lugng | Q| va bén hoan toan
thanh cong | A =| Q| , thidugc goi la dong av li twong.

Pong @ |i tusng ¢ héu suitn = 1.
Pong @ nhiét Ii tuong khéng vi pam nguyeén Ii tik nhat nhiét dong hoc.

Nhung nguyén Ii th hai dia nhét dong hoc € khing dinh khéng th ché tao
duoc dong @ nhiét li tuong.

Nhan xét:
Hiéu xuat dong @ nhiét nho hon 1:m < 1

Tham khao:

Djng o nhiét la nhiing dong @ trong @6 mpt phin nhit
liwong aia nhién leu bi dot chay chuyn hoa thanh céng.
Cé}cdéng @ nhiét dau tién la may byi Nuoc, chung caiac
diem chung la nhiéndu (cii, than, diu ...)dwoc dot chayo
bén ngoai xi lanh®a dong .

Hang tram nim sau khi maydi nuéc ra doi méi xudt hién
dong @ dot trong, ladéng @ nhiét ma nhién Bu duwroc dot
chdy ngayw bén trong xi lanh.

bgng @ nhiét duwoc s dung rong rdi nhit hién‘ nay, bao
gom tr nhieng dong @ chay bang xing haic diu ma dut
cua xe may, 6 t6, may bay, tadd) tau thiy ...

VII.2. May | anh
T1 T1
A AA} le A A le My lanh
A —> 1~ } { T } Li tuoéng
Q2 Q>
A4 - A A T
2

Trong may 4nh tac nhan hd dong theo chu trinh ngrc chigu kim dong Hb.
TAc nhan nin cong Adé nhan nhigt Q, tir ngwn lanh T, va ta nhiét Q; cho ngwn
néong T.

Hiéu stat may hnh duoc dinh ngha:
e J:Q—2| (7-37)
A
Vi Al =1Q] -1Q]
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o

Vay: e =————— (7-38)
‘Ql‘ - |Q2|
‘ Néu may hnh khéng nén cong (A = 0) ma rim mot nhiet luong | Q | tir
nguwn lanh T, va tai cho ngwn ndng T mot nhiet luong | Q1| = | Q| dugc gi la

may knh i trong. May hnh |i tréng cé héu suit e king vo cung.
May lanh Ii rang khdng vi pam nguyén Ii tk nhat nhiét dong hoc.

Nhung nguyén Ii th hai dia nhét dong hoc s khang dinh khéng th ché tao
duoc dong may anh li trong.

VIII. Chu trinh Carnot
VIII.1. Chu trinh Carnot
Chu trinh Carnot thin nghich gdm 4 qua trinh thin nghch:

- (1 2): qua trinhiang nhét thuan nghich & nhiét do T.

- ( 2+ 3): qua trinkdoan nhigt thuan nghch.

- (3 4): qua trinktang nhit thuan nghich ¢ nhiét do T, .

- (4 1): qua trinhioan nhiét thuan nghich.

Chu trinh Carnot thim nghch chay theo chéu kim dong hd duoc goi chu trinh
Carnot thdn.

Chu trinh Carnot thin nghch chay ngeoc chiéu kim déng hd duoc goi chu
trinh Carnot ngtch.

A

p
1

P2
00 o
ps P

O‘ ® ® ® ® >

Vl V4 V2 V3

VIII.2. Hi éu suit dng oo nhiét chay theo chu trinh Carnot véi tac nhan khi li
twéng
‘ Di Vvéi dong @ nhiét tac nhan hat dong theo chu trinh Carnot tii cung
chiéu kim d@ong h6. Theo (7-36) ta c6 Bu suit dong a nhiét:
n = 1 - @ (1)
Q
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Trong qua trinktanh nhét (1— 2) theo (7-32) khi liuiong nkin vao ndt nhigt
luong Q tr ngwn néng T.
m V.
—RT, In—2 2
1Q: U 1 nV1 ( )
Trong qua trinkiang nhit (3— 4) khi Ii trong tai ra cho ngan lanh T, mot nhigt
luong Q> :

' m V.
=-Q = —RT /2 3
Q  RE e 3)
Thé (2) va (3) vao (1) tduoc:
T, Enﬁ
n=1-— (4)
Tlfnﬁ
Vl
Trong qua trinlidoan nhit (2— 3) theo (7-34) ta co:
TlVZV_l = T2V3V‘1 (5)
Trong qua trinlidoan nhit (4— 1) ta co:
Tlvly_l = T2V4V—1 (6)
Lap ti $b (5) va (6) ta suy ra:
V2 V3
e @)
V, V,
Thé (7) vao (4) tatuoc:
-
=1--2 7-39
n T ( )

Nhan xét:

Hiéu xuit caa dong @ nhiét gray theo chu trinh Carnpté‘i/ tac nhan la khi li
tuong ch phu thuoc vao nhét d6 nguon ndng T, va nhét do nguwn lanh T,

3. Hiéu sudt may lanh chay theo chu trinh Carnot \6i tac nhan khi Ii twéng
‘ Doi 7y may knh tac nhan ha dong theo chu trinh Carnot ngh, ngroc
chiéu kim dong . Theo (7-38):
o - 12
Q-
_ Trong qua trinkdanh nhét (4— 3) khi Ii tréng nkin vao ndt nhiét luong Q tir
nguwn lanh T,.

1)

m V.
Q= ; RT, ﬁnv—3

4

(2)
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Trong qué trinhdang nhit (2—1) khi Ii tréng tai ra cho ngan néng & mot
nhiét luong Q:
' m V.
= -Q = DRTm2 3
Q R ny 3)

1
Trong qua trinlidoan nhit (3— 2) theo (8-34) ta co:
TV, T = TV, o 4)
Trong qua trinlidoan nhit (1— 4) ta co:
TV, =TV, ) (5
Lap ti $b (4) va (5) ta suy ra:
Vo _ Vs

Sl 6
V.oV, (6)
Thé (2), (3) va (6) vao (1) tadd raduoc:
T, 1
e = = 7-)40
L-T, L -1 ( )
T2

Cau hoi :
C6 the 1am nhét do can phong k xudng bing cach m cira ot tu lanh dit ¢
trong &n phong khéng ? @i thich
IX. Nguyén li thir hai cia nhiét dong luc hec
IX.1. Phat biéu nguyén Ii thi¢ hai cia nhiét déng hoc
1/ Phéat biéu caa Clausius:

Nhigt khdng thé ter dgng truyén tir vt lanh hon sang vit néng hon ma chung
guanh khéng co g thaydoi dong thoi nao.

Hay no6i cach khad&hdng c6 maydnh li tweng .

Nhu vy chieu truyen nhigt trong tr nhién & chiu tir noi 6 nhigt do cao i noi
cO nhét @6 thap.

2/ Phat biéu cha Thomson:;

Khong thé tao mjt hé hogt dgng tuin hoan lién wc bién nhigt thanh cong ma
chung quanh khéng cé s thay déi dong thoi nao.

Hay ndi cach khadKhdng codéng co nhiét i tuweng.

Nhu vay trong tr nhién ch c6 qué trinfcéng hoan toan n thanhnhiét, ma
khéng cé qué trinh ngyc lai nhiét hoan toan gn thanhcong

IX.2. Pinh li Carnot
Phat biéu:
1/ Hiéu suit nhitng dong @ nhiét chay theo chu trinh Carnot c6 cling éhio nguwn

néng T, va ngwn lanh T, chi phy thujc vao nhit @ ngdn néng T va nhit do nguon
lanh T, , ma khéng ptn thujc vao tadc nhanimg nhr cach ck tao may.
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Hiéu st dong @ nhiét chay theo chu trinh Carnot:
7, =1-2 (7-41)

2/ Hjéu Sufit ,déng @ nhiét chay theo chu trinh Carnot thn nghich la gbi han |i
thuyet I6n nhat caa moi dong @ nhiét.

7 sn=1-2 (742)
1

Trongdd ( = )ung Wi qua trinh than nghich va ( < Jang wi qua trinh khéng
thuan nghch.

C6 the ching minhdinh Ii Carnot Bng nguyén Ii thr hai dia nhét dong hoc

Tham khao (doc thém)
Chwng minh dinh |i Carnot

T, T
i~ Y e, 26
Qi A Q1 4 Q
A
H N E
n ""'2Q
Q7 + Q
T, T2

G,id st hai dong @ nhiét 1 va 2 cby‘theo chu trinh Carnot coO tac nhan va
cach cfe tgo khac nhau, & cung nhét do ngwn ndng T va nguwn lanh T,.

Hiéu suit cia dong o 1:

_|'A
’71 - ‘lQl‘
Héu suit cia dong @ 2:
_|*A]
n, = ‘le‘
*Néu: 51> 12
K I
- > 5 1)
K} K}

Ta chodgng @ 2 chry theo chiu ngroc ( ngroc chieu kimdong 1o ) tao thanh
may knh . Lién Kkt dong @ 1 va maydnh 2 &0 thanh nat hé.

Sao cho: W = PA = [PA] (2
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Twr (1) va (2) suy ra:
'a(|*Q) =] (3)
Tur (2) va (3) suy ra:
Q=R -
Hay: |’Q|-|'Q|=|"Q|-|@|=Q)0
Nher v@y mot hé lién két dong @ nhiét va may énh chzy theo chu trinh Carnot

véi cling ngén néng T va ngwn lgnh T, tirong dwong Wi mgt may knh Ii trong
truyen mpt nhiét luwong Q tr ngwn lanh T, den nhwn ndng T ma khdng én céng A.

Piéu nay vi plum nguyén li the hai nhiét dgng hoc.
Vdy: n1>n, khong th ton ta.
* Néu: N2> 1
Ta chodéng @ nhiét 1 chuy ngroc 1am may dnh va lién Kt véi déng @ nhigt 2 .

Tuong t nhe trén ding ching minhdwoc hé tao thanh nat mégy ‘bnh li teong . Vi
pham nguyén li th hai aia nhigt dong hp. Nén: 51 > 5, khong tla ton tai.
Nhe vay tr nguyén li ti hai nhigt dong hpc tada ching minhdwoc: 51 = 15
~ Vay i dgng co nhigt chey theo chu trinh Carnot c6 Kiu suat bang higu
suat dgng co nhiét chay theo chu trinh Carnot ¥i tdc nhan khi li teon.
Tom ki moi déng @ nhiét chay theo chu trinh Carnatéu c6 hiu suit:
T.
= 1—_2
1] T

po”'i v;j’i nhiing dong @ nhiég chay theo chu trinh khQng thn nghch do ma sat
hay dien bien nhanh nén bthiét vé cbng. Dod6 cb hiéu suit nhv hon déong @ nhiét
chay theo chu trinh thin nghich.

Trongd6 ( =) wng wi qua trinh th@n nghich va ( < )#ng wi qua trinh khéng thén
nghich.

Tom ki theo nguyén li thh hai nhit dong hp,c hieu sgﬁ’t dong @ nhiét chyy theo chu
trinh Carnot thdn nghich la gbi han li thuyet lon nhat cia i dong @ nhiét.

Bai tip 7.5
Ban la mbt nhadau tr. Mot nha séng ahdua cho lan mot ban thiét ké ché tao mot
dong @ nhiét cé cach thongossau:

« Trong mdt chu trinh né dy tr ngwn néng T
110.16kJ

« Trong nét chu trinh néda cho ngan lanh T,
50.1GkJ

415K ndt nhiét lvong Q

212K ndt nhiét luong Q, =
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« Trong not chu trinh né sinh B cong A = 16,7 kWh ( 1kWh = 3600 kJ)
Ban codau tr ché tao dong a» nhiét nay khéng? Gi thich
IX.3. Biéu thirc dinh hrgng cia nguyén li thir hai
Ta c6 héu st caadong a nhiét:

n= 1- M
Qi
Theodinh |i Carnot:
T
<n.=1-2
=1 T
Tasuyra:l - M < 1—L
Qi T
\6i Q, = - Q, 1a nhit lugng k& nhan vao tr ngwn nhigt T, .
\ay: 1+ Q < 1—L
Q1 Tl
Hay: Q < L
Ql Tl
242 <0 (7 - 43)
T2 Tl
Suy ©ng ra réu trong ndt chu trinh & tiép xGc Wi n ngwbn nhit.
> <o (74)4
i=1 -I-I

Suy ©ng ra rgu trong ndt chu trinh & tiép xac 6i nhiéu ngwbn nhiét bién thién lién
tuc.

jﬁso (7 - 45)
()

Trongdo ( = )tng Wi chu trinh than nghich va ( < Yang Wi chu trinh khdéng thin
nghich.

Céc biéu thirc (7 — 43) , (7- 44) va (7- 45) ladi thirc toan hpc dinh lweng
caa nguyén li thr hai.

IX.4. Ham Entropi S

Déi véi chu trinh thdn nghich ta c6 biu thic dinh lwong aia nguyén |i thr hai
nhiét dong hrc hoc:

j@:

() T

Tadit: ds :§ (7 - 46)
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Ta viét lai: [ds=0 (1)
©

Theo tinh cht caa ham tang thai trong Wu thic (1) dai lwong S 1a bt ham
trang thai,dugc goi la ham Entropi.

bon vi cia ham Entropi S la J/K
L4y tich phan (7 — 4636i voi qué trinh thuan nghich (1 — 2):

(2)
ps=s, -5 = [2 (2)
(2)
Vi ham Ent’ropi S la hamadng thai, nénAS chi phu thuc vao tang thaidau
(1) va tang thai cwi (2) ma khéng ptrthuoc vaoduong cong qua trinh (& 2).
Déi véi chu trinhkhéng thuan nghich theo (7-45) ta c6:

j ds < 0 (3)
(c)

Gia s ta ¢6 ndt chu trinh khéng thin nghich (1a2bl) §m hai qua trinh:
(1a2) thdn nghich va (2b1) khéng thun nghch.

Theo (3)taco :
[ds+ [ ds< o0

(122) (209
2 Hay: [ ds< - [ dS= [ dS=A¢
. b (2b1) (1a2) (2a1)
..... P
Nhu vay d6i véi qué trinhkhéng thuan nghich (1— 2) ta co:
(2
as> [ (4)
o
Két kop ( 2) va (4 ) tatuoc:
(2)
asz [ R (7-47)
ol
Déi véi qué trinh vi phan:
asX (7-48)

=
Trongdo:

- DA4u hing (=) ung Wi qué trinh than ngtich

- Dau I6n hon (> )ang Wi qué trinh khdng thin ngtich

Céc biéu thirc (7 — 47) va (7 — 48) la bu thic toan hpc dinh lweng cia
nguyén li thir hai nhiét dong hoc theo ham Entropi S.
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IX.5. Phat biéu nguyén Ii thi hai cia nhiét dng hoc theo Entropi
D6 véi hé co Bp ( Q =0)theo (7-48): dSz? ta cO: dS=0. Do cac qua

trinh thrc xay ra trong thrc t 14 qué trinh khéng thm nghch, nén:dS > 0. §:

Entropi ciia mgt h¢ cd kip ludn ludn ting, khi h¢ ¢ trang thai can ling thi
Entropi dgat gia tri cuc dai va khongdai.

Nhu vay chiégu dén bén aia cac qua trinhay ra trong tiec € theo chdu ting dia
Entropi .

Déi vai hé khong co hp:
- Néu hé nhan nhit Entropi &ing.
- Néu hé toa nhiét Entropi gam.
- Trong qua trinkioan nhiét Entropi khdngibi.
Cau héi:
1) Trong qué trinkioan nhiét Entropi @a k¢ ting, ghm hay khéngiéi. Giai thich
2) Trong qué trinh nédiing nhit Entropi @a k¢ ting, gim hay khongidi. Giai thich
3) Trong qua trinh dading nhét Entropi @ia b ting, gaim hay khongioi. Giai thich

4) Trong qué trinh dading ap Entropi ¢a ¢ ting, gam hay khéngddi. Giai
thich

5) Trong qua trinh nédiang &p Entropi €a ke ting, ghm hay khéngddi. Giai
thich

X. Y nghia théng ké aia Entropi
X.1. Trang thai vi mé aia hé

Trang thai ¥ mo aia h¢ la trang thaiduoc xéacdinh bsi cac thong & vi mo: the
tich Vv, &p sat p, nhét @ T ..., ma khéng quan tagén chi tiet caa tirng phani.

X.2. Trang thai vi mé aia h¢

Trang thai vi mo @a ¢ la trang théidqu xécdir)h hoi su phan b khac nhau
cua cac phanittrong khéng gianiic quan tanatén chi tiet trng phani.
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X.3. Trong  théng ké

abcd
[l W
abcd 1
a bcd
b acd
c abd 4
d abc
ab cd
ac bd
ad bc 6
bc ad
bd ac
cd ab

Trong £ théng ké W 1a 8 trang thai vi méang Vi mot trang thai ¥ mo. Gh s
trong ndt binh cé clra 4 phanit: a, b, c ,d.

Ta chia trong trong binh lam hai pin, phan (1) bén trai va pdn (11 ) bén
phai.

- Otrang thaii md: (0—4)coW =1

- Otrangthaiuy mo: (1-3)coW=4

- Otrang thaii md: (2-2)cOW=6

- Tuwong tr ¢ trang thai ¥ mo:

- Otrang thaiy mo: (3—-1)coW=4

- Otrang thaiy md: (4—-0)coW=1

Nhu vay & trang thai can ing (2 — 2 ) ¢6 tmg $ théng ké ac dai W = 6
X.4. Y nghia théng ké aia Entropi:

Entropi S l1a Mt ham tang thaidic treng chomiec d§ hdn loan ciia phan tir,
duoc Boltzmanndinh ngha:

S = KW (7 — 49)
Trongdo:
- k= 1,38.1¢° J/K la ling $ Boltzmann
- W latrong $ thdng ké khéng cdon vi

- Khi W = 1thi S =0 biéu nay trongtrng Wi truong hyp cac phanit hoan
toandung yén va nlgit @ T = OK. Trong hop nay khéng bao gixay ra
trong thrc te
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CONG THUC VAT LY CH UONG 7

1/ Khi li twéong
a/Nhgtdo: T (K) = tfc) + 273,15 (7-1)
b/Phrong trinh tang thai khi li trong

e pv="grt (7-2)
U
« Hang $ khi li twong : R = 8,31.10 J/kmol.K

e pV = nkT (7—-3)
¢/ Ning lerong chugn dong nhét trung binh aa cac phanit

. W o= ;—kT (7-4)

« Hang $ Boltzmann: k =1,38.15J/K
d/ Noi nang khi li trong:

e U= mi RT (7-5)
M2
[
. U=—npV 7-6
5P (7-6)
2/ Cong A
a/ Cong vi phandA = - pdVv (7-7)
(v2)
b/ Cong tich phan: A = - [ pdv (B}
(1)

3/ Nguyén li thi nhat nhiét déng hoc
a/ Biéu thirc toan loc aaa nguyeén Ii th nhit

AU =A+Q (7-9)
Trong qua trinh vi phan
du 8A + 8Q (7910

b/ Céng va nigt trong qué trinkiang tich: V = const

« CoOng: A=0

. Nhict Q =AU = %—2' RAT (7-11)
¢/ Cong va niét trong qué trinkiang &p: p = const

e COng:Ap= - p\V (7-12)

. NhictQ :%(_; +1)RAT (7-13)

d/ Coéng va nlgk trong qua trinkdang nhét: T= const
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« CONng: A, = m RTﬁnﬁ £14)
H \2
AL, —m V,

 Nhiét: Q = —RT/n—% (7-15)

H Vi
e/ Céng va nkt trong qué trinkican nhit-DBang Entropi : S = const

« CoOng:A =D IpAT (7—16)
U2

« Nhigt: Q=0

4/ Pong o nhiét va may lanh
a/Hiéu sifit dong a nhiét:

2|
n=1--— (M1
Qi
b/ Hiéu suit may hnh:
ol "
Q-
¢/Dinh li Carnot
Hiéu suit dong a nhiét chay theo chu trinh Carnot:
T
=1-=2 7-19
N 0 (7-19)

 Hiéu S}.ﬁt dong @ nhiét chay theo chu trinh Carnot tho nghich la givi han
li thuyet 16n nhat caa nmpi dong ao nhiét.
n<n =12 (7-20)
Tl
e Trongdd ( =)ung wi qua trinh than nghich va ( < )ang wi qué trinh
khong thidn nghich.
5/ Nguyén li thr hai aia nhiét dong hoc

a/ Biéu thirc toan ke aaia nguyén Ii th hai theo ham Entropi

as® (7-21)

T
Tronglo:

- DAu king (=) tng Wi qua trinh than ngtich .

- DAau lén hon (>)ung Wi qua trinh khéng thim ngtich .

b/ Y ngha tbng ké @ia Entropi Entropi S 1a mit ham tang thaidic trung cho nic do
hon loan aia phani, duoc Boltzmanndinh nghia:

S=Wh (7-22)
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Trongio:
- k= 1,38.10% JK la ling $ Boltzmann
- W atong $ théng ké khdng cdon vi

CAU HOI TRAC NGHIEM CHUONG 7
Cau 1 Khi nhiét @6 khéi khi ting I&n haidn thi ap sét ting I&n haidn. Vay khdi khi
dang thrc hién qua trinh nao?

a) dang nhgt

b) dang ap

c) dang tich

d) doan nhit

Cau 2 Khi nhiét @6 khdi khi tang 1én haian thi tr tich ing 1én haidn. Vay khéi khi
dang thrc hién qua trinh nao?

a) dang nhgt
b) ding ap
c) dang tich
d) doan nhit
Cau 3 Khi thé tich kibi khi ting 1&n hai 4n thi &p st giam hai bn. Vay khdi khi
dang thrc hién qua trinh nao?
a) dang nhet
b) ding ap
c) dang tich
d) doan nhit
Cau 4 Puong dang nhét la duong:
a) thang
b) cong
c) parabol
d) hyperbol
Cau 5 Puong dang ap laduong:
a) thang
b) cong
c) parabol
d) hyperbol
Cau 6: C6 28 kg khi N chia trong binh thtich V = 1 ni , nhigt do t = 27°C . Khoi
khi c6 ap sét p bang :
a) p=2493 N/M
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b) p = 24930 N/
c) p =2493.16 N/m?
d) p =2493.16 N/m?

Cau 7: Mot khéi khi chra trong binh tatich v = 3 lit , p sit p = 138 .10 N/m*, ¢
nhiét @6 t = 27°C . Vay s0 phan t khi ¢ trong binh la n rdn gia ti nao sau :

a) n=10%
b) n=10%
c) n=10*
d) n=10%

Cau 8 Mot Kmol khi c6 ti¢ tich V = 3 lit, 4p sit p = 83%10° N/m’. Cho dan &
ding ap tl tich ing 1&én haidn . Vay nhiét d6 cua khdi khi sau dan é

a) T=300K
b) T =400 K
c) T=500K
d) T=600K

Cau 9 Ti s dong ning chugn dong quay tréniong ning chuyn déng nhit trung
binh aia phani N, la:

a) 1/2
b) 2/5
c) 2/3
d) 3/4

Cau 10 Ti s6 dong ring chugn dong tinh tién tréndong ring chugn dong nhét
trung binh @a phéant N, la:

a) ¥
b) 3/5
c) 2/3
d) 3/4

Cau 11 Ti s dong ning chugn dong quay tréndong ring chugn dong tinh tién
trung binh @a phéant N, la:

a) %
b) 2/5
c) 2/3
d) 3/4

Cau 12 Ning lrong chugn dong nhit tinh tién chiém bao nhiéu pin trim trong
nang hrgng chuyn déong nhét cia phanit CO.:

a) 20%
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b) 30%
c) 40%
d) 50%

Cau 13 Chon biéu thirc saiddi véi mot kmol khi li txong:

a) pv =RT
b) pV =KN,T

c) U = —pVv

i
2

d) U KT

N | =

Cau 14: Mot khéi khi O, c6 thé tich V = 4 lit va ap it p = 3.16 N/n. Khéi khi c6
noi nang U:

a) U=151J
b) U=20J
c) U=301J
d) U=35J

Cau 15 Trong qué trindang tich i nang U dia khbi khi |i tuong:

a) Khongddi

b) Tang

C) giam

d) co6 thé ting hay gim tuy theo ap i p

Cau 16 Trong qua trinh dading ap Bi ning aia khdi khi:

a) khongdoi

b) tang

C) giam

d) c6 thé ting hay gim

Cau 17 Mot hé khi cong A nlin vao ling nhét Q téa ra. \ay hé dang thrc hién quéa
trinh nao:

a) dang nhet
b) dang ap

c) dang tich
d) doan nhit

Cau 18 Mat hé khi nhiét nhan vao Q Bing cdng sinh ra A. Vay hé dang thrc hién
gua trinh nao:

a) diang nhit
b) dang ap
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c) dang tich
d) doan nhit
Cau 19 Mot hé nhiét dong thrc hién theo nét chu trinh kin thi:
a) cong king khong
b) noi nang tang
C) ndi nang giam
d) cdng nkin vao ing nhit téa ra

Cau 20: Mat hé khi nhiét Q nhin vao ling do ting mi ning AU caa he. Vay hé thuc
hién qua trinh nao ?

a) dang nhgt

b) ding ap

c) dang tich

d) doan nhit
Cau 21: Mot hé khi nhiégt Q téa ra ling dé giam mdi nang aia e . Vay hé thuc hién
qua trinh nao ?

a) dang nhet

b) ding ap

c) dang tich

d) doan nhit

Céau 22: Mot hé khi nhiét nhan vao lam dng nji nang va sinh céng. & hé thuc hién
qgua trinh nao ?

a) dang nhgt

b) dang ap

c) dang tich

d) doan nhit
Cau 23: Trong $ thong k& W @a ke dic trung gi cho B ?

a) ning lrong chugn dong nhét cua e

b) trang thai vi m6 da h¢

c) sb trang thai vi mé éa he

d) sb trang thai vi mé éa e ttng Wi mét trang thai i mo
Céau 24: Ham Entropi Stac trang gi cho B ?

a) trang théi vi mo ga h¢

b) s trang thai vi mé

c) nang hrong chugn dong nhét hon loan caa hg

d) muc do hon loan aia he
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Cau 25 Néu ham Entrépi S = 0 thigng $ thong ké W Bng:
a) W=0
b) W=1
c) W=10
d) W = 100
Cau 26: Trong ndt hé cb lap Entropi S da g ?
a) S arc tiéu
b) S khongdi
c) S cé tk ting hay gim
d) S ting, khi I¢ can ling dat gia ti cuc dai va khéngddi

Cau 27: Goi S va W hn luot la Entropi va tsng 9 thong ké aia mbt hé cd Bp ¢
trang thai can ing. Phrong an nao sading ?

a) SvaW wc dai
b) SvaW wc tiéu
c) S arcdai va W arc tiéu
d) S arc tiéu va W arc dai
Cau 28 Trong qua trinh nén cach ghmot chit khi Entropi S aa kg ?
a) khongdoi
b) tang
C) giam
d) co6 thé ting hay gim tuy theo cht khi
Cau 29 Trong qua trinh dading nhét Entrépi S @a khbi khi ?
a) co thé ting hay gam tly theo cht khi
b) khongdbi
c) tang
d) giam
Cau 30: Khi mét khdi khi nhan nhigt thi phrong an nao sau luén ludiding:
a) nhigt do tang
b) thé tich ting
c) &p sit ting
d) Entrbpi ting
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PAP AN CAU HOI TRAC NGHIEM

Pap an cau i tr ic nghiém Chwong 1

1-a 2-d 3-d 4-a 5-c 6-a
7-d 8-c 9-d 10-c 11-b 12-d
13-c 14-a 15-a 16-c 17-d 18-c
Pap an cau ki tr ic nghiém Chwong 2
1-d 2-a 3-d 4-a 6-C 7-C
8-a 9-a 10-d 11-d 12-c 13-b 14-b
Pap an cau i tr ac nghiém Chwong 3
1-c 2-b 3-C 4-b 5-d 6-b
7-b 8-c 9-b 10-c 11-a 12-d
Pap an cau ki tr ic nghiém Chwong 4
1-c 2-C 3-Cc 4-a 5-b 6-a 7-a 8-b
9-c 10-b 11-b 12-b 13-d 14-a 15-a 16a
Pap an cau i tr ac nghiém Chwong 5
1-d 2-C 3-a 4-d 5-d 6-C
7-d 8-a 9-a 10-b 11-c 12-c
13-c 14-a 15-c 16-a 17-c 18-d
19-d 20-c 21-c 22-d 23-d 24-c
Pap an cau i tr ac nghiém Chwong 6
1-b 2-d 3-d 4-d 5-c
6-C 7-C 8-b 9-c 10-d

192




Pap an cau i tr ic nghiém Chwong 7

1-c 2-b | 3-a 4-d 5-a 6-d 7-b 8-a 9-b 10-i
11-c 12-d| 13-d 14-c 15-d 16-b 17-a 18-a 19- 20rc
21-b | 22-b| 23-d 24-d 25-b 26-d 27-a 28-a 29- 30:d
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