Chuong 1: Co Hoc
1.1. Pong hoc
1.1.1. Chuyén ddng va hé quy chiéu

Chuyén dong cua mot vat la sy chuyén doi vi tri .
clia vat d6 ddi v6i cac vat khac trong khong gian va thoi
gian. Chuyén dong cé tinh chét tuong doi. -~

Hé quy chiéu 1a hé vat ma ta quy udc 1a dung
yén, dung lam mdc dé xac dinh vi tri clia cac vat trong
khong gian.

-

Chat diém 1a mot vat ¢6 kich thudc nho, khéng ~ #Z-------=
dang ké so v6i nhitng khoang cach, nhitng kich thudc ma
ta dang khao sat. Hinh 1-1

Hé chit diém 1a tdp hop nhiéu chat diém. Vat ran 14 mot hé chit diém ma khoang
cach twong tmg gitra cac chat diém cta hé khong doi.

1.1.2. Vecto vén tdc

Vecto van toc dic trung cho chuyén dong cua chat diém vé phuong, chiéu, d6 nhanh

cham.

Vecto van te tai mot vi tri M 1a mdt vecto V
co:

+ Phuong: Tiép tuyén voi quy dao tai diém M.

+ Chiéu: Theo chiéu chuyén dong. Hinh 1-2 (C)

+ Do 16n : M:ij—f

+ Biéu thirc : V = Z—f(l. 1)

Vecto van tde trong hé toa do Décac:

-

. - - - = odr
Dua vao hinh v€ ta c6, khi M rat gan M’ thi: dr ds, nghiala: V = ?j_t(l 2)

A A A A 1 A A M z i}
Vay trong hé toa do Décac, vecto van toc bang A g5
\ , , . Lo .. e . dr
dao ham cuia ban kinh vecto doi voi thoi gian.
+ Ba thanh phan VX;Vy;VZ cua vecto r A
ridr
van toc theo 3 truc toa do s€ co do dai dai so lan
luot la:
y
0 .
i
Hinh 1-3



gt
vl y
ViV, =— (1.3
y dt( )
.
dt

Do 16n van téc duoc tinh theo cong thic:
2 2 2
Fl- e () () (&
dt dt dt

1.1.3. Vecto gia toc

Vecto gia tdc dic trung cho su bién thién cta vecto van tdc, vecto gia toc trung binh
ctia chuyén dong trong khoang thoi gian At 1a d6 bién thién trung binh cta vecto van tdc

o . AV A1
trong mot don vi thoi gian A dugc ky hi¢u la:

—

— AV
a, =—I(1.4
b= (L)

Vecto gia toc tirc thoi ciia chat diém tai thoi diém t, duoc ky hiéu la:
-~ AV dV
a=Ilim—=—(1.5)
At—0 At dt
Vecto gia toc tirc thoi bang dao ham cua vecto van toc ddi
v&i thoi gian.

Vecto gia tde trong h¢ toa do Pécac:

R N/ 27 R \ ]
r \(‘\
Ba toa do cua vecto gia toc theo 3 truc toa do Pécac: AN :
0
2
= dVX = d X Hinh 1-4
" OIdt dt
- \ d 2y
ala, =—~=—2(1.7
Yoodt o dt (.7)
dv, d?*z
aZ = = —
dt dt

Do 10n gia tdc duge tinh theo cong thirc:
R 24)° 2,2 2.\?
‘a‘:1/af+a§+af= d2X + d2y + dzz
dt dt dt

* Gia toc tiép tuyén, gia toc phap tuyén:

Vecto gia toc trung binh ¢6 thé duoc phan tich nhu sau:
— AV AV, AV,
Ap = = T

At At At




—_

A T \V AN \VAR\V)
Nén vecto gia toc tirc thoi:  a = lim — = lim + lim
At—0 At At—0 At At—0 At

—

(1. 8)

—_

. I AV, . R N n e Z L. - . N
Khi At — 0thi ﬂmo Att c6 gidi han 1a vecto nam trén tiép tuyén vdoi quy dao tai M va
AV, dV, —

im—=—\=a (1.9)
M0 At t

AV, = AV , vay:

Vecto gia toc tiép tuyén dic trung cho sy bién thién ctia vecto van tdc vé gia tri,

vecto nay co:

+ Phuong tring véi tiép tuyén cia quy dao tai diém M.

+ Chiéu 1 chiéu chuyén dong khi V ting va chiéu nguoc chiéu chuyén dong khi V
giam.

+ Do 16n bang dao ham d6 16n van tdc theo thoi gian.

a = v (1. 10)
dt

—_—

. e AV .o . o
Khi At — 0thi igmo Atn la vecto vuong goc vai V (vuodng goc vai quy dao) nén:

AV, dV. — , ,
Ve lim — = —" =a_ goi la vecto gia toc phap tuyén, c6 do 16n la:
m =g~ 20 & gia toc phép tuy .
dVv 2
a, =—" :V—(l. 11)
dt R

R 1a ban kinh cong cua quy dao tai M.

Ta co: a=a, +a,

2 2
- (]

1.1.4. Mét s6 chuyén déng co hoc don gian

D¢ 16n cua gia téc a:

a. Chuyén djng thang thay déi déu
Chuyén dong thang thay d6i déu 1a chuyén dong thang vai vecto gia téc khong doi:
a = const
Vi 14 chuyén dong thang nén a, =0, do do:
dv
a=a, =—— = const
dt

Néu trong khoang thoi gian tir 0 dén t, van toc bién thién tir V, dén V thi:

V-V,
a=a, = " = const
Suy ra: V=a+V, (112
Tu (1. 1)taco: V::l—?:aHVO



Nén : ds = (at+V,).dt (L. 13)

Gia thiét trong khoang thoi gian tir 0 dén t, chat diém di dwgc quang duong S, tich
phan hai vé caa (1. 13) ta dugc:

O

t
ds=[ (at+V,).dt
0

Hay: S= %at2 +V,t (1. 14)

Kht t trong (1. 12) va (1. 14) ta dugc hé thuc:
V? -V} =2aS (1. 15)

b. Chuyén dpng tron

Vian tdc goc co gid tri bang dao ham ctia goc quay d6i véi thoi gian (don vi: rad/s).

de
=—(1.16
o=- (1.16)

Lién h¢ gifra van tde gdc va van tdc dai, van tdc gbc va gia
tdc phap tuyén:
+ Van toc dai: V = Re (1.17)

2
+ D0 16n clia gia toc phap tuyén: a, = VF = Rw?(1. 18)

Gia toc goc: Co gia tri bang dao ham ctia van toc goc doi Hinh 1-5
voi thoi gian va bang dao ham béc 2 cua goc quay ddi v6i thoi gian. (Pon vi: rad/s?)

—_—

- do
=" (119)

do d?%0
Suy ra: =—=
y P dt  dt?

Lién hé giira gia toc goc va gia tdc tiép tuyén: a, = R.3(1.21)

(1.20)

Chu ky T 1 thoi gian dé chat diém di duoc 1 vong tron

21T
T =—
)

Tan s6 f 1a s6 dao dong toan phﬁn ma vat thuc hién dugc trong 1 don vi thoi gian
v=—=—
T 2Zm
* Chuyén dong tron thay déi déu: S = const, ta co:
+ o=+ w,(1.22)
+ 0= %,Btz +w,t (1.23)

+ 0® — o =20 (1.24)



1.2. Pong luc hoc
1.2.1. Cac dinh luat Niu-ton
a. Pinh ludt Niu-ton thir nhat

Phat biéu: Khi mot chit diém c6 lap (khong chiu mot tac dong nao tir bén ngoai) néu
dang ding yén, n6 sé tiép tuc dimg yén, néu dang chuyén dong thi chuyén dong cia né la
thang déu.

Chét diém dtng yén, c6 van toc V= 0, chat diém chuyén dong thang déu ¢ van tc
v khong d6i. Vay mot chat diém co 1ap bao toan trang thai chuyén dong cta nd. Tinh chat
bao toan trang thai chuyén dong goi 1a quan tinh, vi vay dinh luat Niu-ton | con goi 14 dinh
luat quan tinh.

Thuc nghiém cho thiy, dinh luat I Niu-ton chi ding trong hé quy chiéu quéan tinh. Hé
quy chiéu quén tinh 14 hé quy chiéu trong d6 vat ding yén hodc chuyén dong thang déu.

b. Dinh ludt Niu-ton thir hai

Luc 1a dai luong vat ly dac trung cho tuong tac gitra cac vat. No 1a nguyén nhan lam
bién dang hodc thay ddi trang thai chuyén dong cua vat. Luc Fla dai lugng vecto, co diém dat
(gbc) trén vat chiu tac dung luc, c6 phuong chiéu 1a phuong chiéu tac dung lwc va do 16n 1a
cuong do luc F.

Phat biéu dinh luat: Chuyén dong cua mot chit diém chiu tac dung cua cac luc cd
tong hop F =0 la mdt chuyén dong co gia toc. Gia tdc chuyén dong cua chat diém ty 1& véi
tong hop luc tac dung Fva ty 1& nghich véi khéi lwong cia chat diém Ay.

a=k-
m

Trong h¢ SI: k =1 nén: a= F hay: ma=F (1.25)
m

C. Dinh ludt Niu-ton thir ba
Phat bidu: Khi chat diém A tac dung lén chét diém B mot lyc F, thi chét diém B ciing
tac dung lén chit diém A mot luc E; Hai luc E{ va E; ton tai dé)ng thoi, cung phuong,
nguoc chidu va ¢ do 16n bang nhau.
F, +F,=0(1.26)
Luuy:
+ Tuy tong ctia hai Iyc ﬁ va E; bang khong nhung tac dung ctia chung khong khir
nhau vi diém dit ciia ching khac nhau.
+ Téng noi luc cua mot hé chét diém c¢o lap (hé kin) béng khong.
1.2.2. Cac luc co hoc thuwong gap
a. Phan lyc va lyc ma sat
Khi hai vat tip xtc co chuyén dong tuong dbi voi nhau, & chd tiép xtic xuét hién mot

lyc cén lam can tré chuyén dong cua vat va 161 kéo vat di cham lai.



Khi vat chuyén dong trén mot mat, nd tdc dung lén mat d6 mdt lyc nén. Theo dinh
luat IIT Niu-ton, mdt nay s€ tdc dung 1én vat mot lyc R goi 1a phan lyc ctia mat.
Ta co: R=N+f_
+N Vudng goc voi mit goi 1a phan Iyc phap tuyén.

+ f__: Clng phuong, ngugc chiéu véi van toc, goi 1a Iuc ma sat. Néu van toc v khong

16n 1dm thi:
f.. =kN

+k 12 hé s6 ma sat truot, phu thudc ban chat cta vat chuyén dong va mat dong thoi phu
thudc vao tinh chat tiép xuc giita chung.
b. Luc cang

Mot soi day, dau budc & diém cb dinh O, dau kia mang vat m. Cho

m chuyén dong, do trong lwong P cia vat, dau dudi cung cua s¢i day chiu
tac dung cua luc F nén day bi cang ra theo phuong cua F.

Néu cit soi ddy tai A va mubn cho hai phan s¢i day déu cang nhu
cil, ta phai tac dung vio OA mot lyc T huéng xudng va phdn Am mot lyc  Hirh1-6 F
T huéng 1én.

Hai lyc TVaT duoc goi 1a Iyc cang tai mdi diém cua soi day, chiing cting phuong
véi F , NgUoC chiéu nhau va cé cung do 16n:

T=—T

1.2.3. Chuyén ddng ciia vit rin
a. Chuyén dpng ciia vt rin

Vat ran 1a mot hé chat diém ma khoang céach gitra
cac chat diém ludn ludn khong d6i. Chuyén dong cua vat
ran bao gio ciing quy vé tich cua hai chuyén dong co ban:

+ Chuyén dong tinh tién.

+ Chuyén dong quay.

* Chuyén dong tinh tién

A Hinh 1-7

Chuyén dong tinh tién 1a chuyén dong trong do
mdt doan thang ndi hai diém bt ky ctia vat ludn ludn song song véi chinh né.
Khi mot vat rin chuyén dong tinh tién, tai moi thoi diém cac chit diém cua vat ran

deu co cung vecto van toc va vecto gia toc.

Gia sir vat ran gdm c6 cac chat diém: M, M,, M., ..., M,. Cac chét diém nay co
khéi luong lan luot 1a m;, m, , my, ..., m;, chiu cic ngoai luc tdc dung lan luot 1a E : € :
E; s eeees E; va déu thu duoc gia toc 1 a. Theo phuong trinh Niu-ton ta c6:

ma=F
ma=F,



biéu ki¢n can d¢ mot vat ran chuyén dong tinh tién: Ngoai luc tdc dung 1én vt ran

F,F, , F,... F songsongva cung chiéu.

Cong cac phuong trinh ctia hé phuong trinh trén theo vé véi vé:
(Z m, J.é =S'F, (1.33)

Pay la phuong trinh chuyén dong cua vat ran tinh tién.
Mubn xét chuyén dong tinh tién ciia mot vat ran thi ta chi can xét chuyén dong cua khdi tam
cua no.
* Chuyén dong quay

Chuyén dong quay 1a chuyén dong trong d6 moi diém ctia vat ran v& nén nhirng quy

dao tron c6 tim nam trén cing mot dudng thang goi 1a truc
quay
(nhitng diém nam trén truc quay c6 van tdc bang khong).

Khi mdt vat rin chuyén dong quay quanh mot
duong thang ¢b dinh A (goi 1a truc quay) thi:

+ Moi diém cua vat ran vach nhirng vong tron c6 mat

phang cung vudng goc vdi truc A va c6 tam nam trén A.
+ Trong cung mot khoang thoi gian, moi di€m cua vat
ran déu quay dugc cung mot goc 4.

+ Tai cung mot thoi diém, moi diém cua vat ran déu co

cling van tdc goc va co clng gia toc goc 1a:
o=39 (134
dt

do d?%0
=%~ a

+ Tai mdt thoi diém, vecto van toc thang va vecto gia toc ti€p tuyén cua mot chat diem

(1.35)

bét ky cta vat ran cach truc quay mot khoang r dugc x4c dinh bdi nhiing h¢ thirc:

Suy ra: Cang xa tryc thi van toc dai V va gia tc dai a cang 1on:
V =ar

a, =pr
b. Phwong trinh co ban ciia chuyén dong quay ciia vit rin quanh mét truc cé dinh
* Momen lue:

Tac dung cua lyc trong chuyén dong quay:

7



Gia thiét c6 Iyc F dit tai M, tac dung 1én vat rin quay xung quanh truc A, ta phan
tich lyc F ra thanh 2 thanh phan:
F-F+F
Voi E{ vudng gbc vai truc, g song song v6i truc.Tiép tuc phan tich luc E{ ra thanh 2 thanh
phan:

—_ —  —

F=F +F,
Véi E{ vudng goc vai ban kinh OM, tic tiép tuyén véi vong tron tam O tai M. Va FT nam
theo ban kinh OM. Nhu viy: F =F, +F, +F,
Thanh phﬁn E; khong gay ra chuyén dong quay, chi lam vat réan truot doc theo truc
quay, chuyén dong nay khong thé c6 vi theo gia thiét vat rin chi quay xung quanh truc A.
Thanh phan Er; khong gy ra chuyén dong quay, chi lam vat ran doi khoi truc quay,
chuyén dong nay ciing khong thé co.
Trong chuyén dong quay, tac dung cua luc F tuong duong vdéi tac dung cua thanh
phan E{ cta no.
Két ludn: Trong chuyén dong quay ctia mot vat rin xung quanh mét truc, chi nhirng
thanh phﬁn luc tiép tuyén v6i1 quy dao cua diém dat mai co tac dung thuc su.
Mémen ciia lye dbi véi truc quay:
Xét tac dung cua mot luc tiép tuyén E{ dat tai mot diem M ung véi ban kinh OM =rr.
Tac dung cua luc E{ phu thudc vao 2 yéu td: Cuong do cua luc va khoang cach r cua luc dén
truc quay.
Momen lyc dac trung cho tac dung cua luc trong chuyén dong quay, va duogc dinh
nghia: momen cua luc E{ ddi véi truc quay Ala mdt vecto M duoc xac dinh béi:
M=rAF (137)
Vecto M ¢c6 phuong vudng goc v6i mit phang chia rva E{ va gia tri
M = r.Ft.sin(F,Et)z rF, (1.38)
(Vi ta dang xét E{ vudng goc voi truc quay A: (F,E{): 90°).
Chay:
+ Trong chuyén dong quay, tic dung cua luc F tuong
duong véi tac dung cta thanh phan E{ cta n6 nén nguoi ta cling
dinh nghia mémen M cua luc E{ la vecto momen cua luc F dbi
voi A.
+ Momen cua mot luc F dbivéi truc A s& bang khong khi
lyc d6 bang khong hodc khi lyc d6 dong phing voi A.

—_—

+ Goi O la giao diém cua cua A va mat phang choa F,

Hinh 1-9

vuong goc vo1 A thi momen cia lyc F, doi véi truc F, cling la
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momen cua E{ d6i véi diém O.
* Thiét lap phwong trinh co ban ciia chuyén dong quay:

Goi M, 1a mét chit diém bt ky cua vat ran cach truc mot khoang r, ung véi ban
kinh vecto O—I\/I( = E , ¢6 khoi lwgng 1a m, va chiu tac dung cta ngoai luc tiép tuyén ﬁ . Chét
diém M, s& chuyén dong véi vecto gia toc tiép tuyén aTi cho boi:

—_

m .a,=F

Nhan hitu hudng hai vé phwong trinh trén véi ban kinh vecto r = OM; ta duoc:

m.rAgy =6 AF;  (139)

O vé phai ctia phwong trinh: E A E =M,
Khai trién va rt gon vé trai ciia phuong trinh (1.39) ta duoc:
m,.r2.4 =M, (1.40)
Véi E 1a vecto gia tbc goc cua vat rin.
Phuong trinh (1.40) 14 phuong trinh viét cho chat diém M ., tuong tu ta cling co
phuong trinh viét cho chat diém M,, M,, ..M 1an luot la:

, = —
ml'rl'ﬂle
, = ——
m,.r,.f=M,
, = ——
I’ﬂn.l‘n.ﬂ=|\/|n

Cong tat ca cac phuong trinh trén , vé véi vé theo i ta duoc:
. —
(Z m;.1 )ﬂzz M;
i i

Vi M. = M = tdng hop mdmen céc ngoai luc tac dung 1én vt rén .
i g hop g g

z m; .ri2 =1 la mot dai lwong goi la mdmen quan tinh cta vat ran d6i voi truc A.
i

Vay phuong trinh co ban ciia chuyén dong quay cta vat ran xung quanh mot truc:
1.B=M

Suy ra: Z’ = % (1.41)

Phat biéu: Gia tdc goc trong chuyén dong quay ciia vat ran xung quanh mét tryc ti 1é
voi téng hop mémen cac ngoai luc ddi voi truc va ty 1€ nghich véi mémen quén tinh cia vat
ran ddi véi truc.

Luuy:

+ Momen quan tinh I cta vat ran 1a dai luong dac trung cho quan tinh cua vat ran do6
trong chuyén dong quay.



+ Tur biéu thuc | = Zmi I’ ta suy ra rang: Quan tinh cia vat rin quay khong nhiing
i

phu thudc vao khdi lugng ma con phy thude vao khodng cach tur cac chit diém cua vat rin
dén truc quay.
1.2.4. Pinh luét bao toan dong lwgng, mémen dong lwgng va rng dung
a. Pong lwong, cdc dinh Iy vé dpng lwong va dinh ludt bio toan dong lwong

Néu mot chat diém c6 khéi lwong m, chiu tac dung cia mot luc 12 F thiséco gia toc
cho béi dinh luat I Niu-ton: ~ ma=F

Ma: 5:% nén ta co thé viét: m%:ﬁ.

Vi m khong d6i nén ta c6 thé dua m vao trong déu vi phan: d (31\7) -F
Vecto K = mV (1.27) goi la vecto dong lugng cua chat diém.

Vay: % = F (1.28)

Pao ham cua vecto dong luong cia chat diém theo thoi gian bang vecto luc tac dung
l1én vat.
t
Tacothé viétlai (1.28): dK=F.dt = AK =K, —K, = j F.dt (1.29)
4
Véi: + AK = E - E 14 d6 bién thién dong lwong cia chat diém trong khoang thoi gian At
tirt, dén t,.
t_
+ J F.dt goi la xung lugng cua lyc tac dung trong khoang thoi gian At do6.
b
Pinh Iy dong lwong: Do bién thién dong lwong cia chat diém trong khoang thoi gian At bing
xung luong cua luc tac dung trong khoang thoi gian do.
Néu F khong déi, ta cé thé viét: AK =K, — K, = F.At hay: AK = F.At (1.30)
* Dinh ludt bdo toan dong luwong
Tir dinh 1y vé dong luong cho 1 chét diém chuyén dong, ta c6 thé viét dinh 1y dong luong cho
1 hé chét diém chuyén dong:
Sm; +m, ;. +m V)< F
Trong do, Fla tong cac ngoai lyc tac dung 1én hé (vi theo dinh luat ITI Niu-ton thi tong cac
noi luc twong tac trong hé bang 0).

Néu hé¢ ta dang xét 1 ¢6 1ap nghia la F =0 thi;

%(ml\Tl + mz\/ﬁ2 +..+ mn\Tn): 0

Nghia la: (ml\z + mz\z +..+ mn\Z): const
Hay: K., = const (1.31)
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Phét biéu: Téng dong luwgng ciia mot hé ¢o 1ap la mot dai lugng bao toan.
* Bdo toan djng luwgng theo phwong:
Trong trudng hop hé chat diém khong c¢o lap nghia 1a F=0 nhung hinh chiéu cua F I&n

phuong x nao d6 luén ludn bang 0.

—

Chiéu phuong trinh vecto: %(ml\T1 + mz\T2 +..+ mn\Tn)= F

[én phuong x ta dugc: %(mlle +m\V,, +..+mV, )=F =0
Suy ra: mV,, +m,\V,, +...+mV, =const(1.32)

Nhu vay: Hinh chiéu cua téng dong luong cua h¢ 1én phuong x la mdt dai lugng dugc bao
toan.

b. Mémen dong lwong
* DPinh nghia: A

i

Néu chon diém gbc O tly Y, xét mot chat diém
M c6 khéi lwgng m, van toc V , va ¢6 vi tri duoc xac
dinh bang vecto tia: OM =r

Momen dong lugng cia chat diém 1a vecto L co

dac diém: (
O — —
h

+ biém dat tai géc 0.

+ Phuwong vudng goc v6i mit phing tao boi r va %

. ) Hinh 1-10
+ Chiéu theo quy tac cai van nut chai: Pat cai van
nuat chai theo phuong cua L , quay cai van nat chai theo chiéu dé cho rt6i tring chiéu voi K
theo goc quay nho nhat thi chiéu tién cta cai vin nat chai 1a chiéu cua L.
+ D9 16n: L =r.K.sin6(1.42)

—

+ Biéu thirc tong quat: L = rAK=ramv (1.43)
* Truong hop riéng: Hé chit diém quay xung quanh mét truc c6 dinh A.

+ Momen dong luong ciia mot chat diém (m;r) (co khdi luong 1a m vavitrilar)

— —_—

duoc tinh la: L =1.0

1 (|
Voi:
I, =m..r? 1a momen quan tinh ctia chit diém ddi véi truc quay A.

—_—

o, 14 van tdc goc cua chat diém trong chuyén dong quay xung quanh truc A.
+ Momen dong lugng ctia h¢ cho boi:

EZZHE

Khi vat rin quay xung quanh mét truc ¢b dinh A, moi chat diém cua vét ran déu c6

—_ —_— —

cung mot van toc goc: D=0 =W, =...=O, =...= O
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Vay: L=Y10,= 1) 0= 1.o(1.44)
L. 2 \ A r ’ 9 A 4 Ao y o
Trong do: | = Zli = Z:mi.ri (1.45) la moémen quan tinh cua vat ran doi voi tryuc

quay A.
* Pinh ly vé mémen dong lwong ciia mot hé chat diém
Xét mot co hé gdm n chét diém , co khéi lugng m,m,,...,m.. bbi v6i diém O, ban
kinh vecto cta cac chat diém r,r,..r .Vé chat diém th i ta viét duoc:
Li=rianK,=r,AmV,

Lay dao ham 2 vé cuia phuong trinh trén déi véi thoi gian, ta dugc:

AL 4 Ky = B A K |+ 7 A 2K | 1.46)
dt  dt dt dt

“ dF . v N T A . ’ A A LY
Vi d_tl =V, ,va Vi cung gid véi K; nén tich vecto thir nhat cua vé phai bang 0.

: . dK, — .
Theo dinh luat Niu-ton thi hai, d_tl = F, nén tich vecto thur hai cua vé phai phuong

trinh (1.46) I3 :
LT L N T N T N B P v
dt dt dt dt

Vay: at = W (1.47)

V61 M, 1a momen do1 véi diém O cua tat ca cac luc tdc dung lén chat diém thur 1.

Lay tong timg vé cua phuong trinh (1.47) theo tat ca cic chat diém cua co hé:
" qL o
Z—' = ZMi (1.48)
i=1 dt i=1
e L. n d—l_l> d T d I < \ \ . . 5 A A A
Veé trai : Zd— = o L, = o L la dao ham theo thoi gian cua tong momen dong

luong cua hé.
r n _— b 2 r r r
V¢ phai: Z M, =M la tong moémen doi véi goc O cuia cac luc tac dung 1én cac chat
i=1
diém cua hé (gom ngoai lyc va ndi luc). Vi cac ndi lyc twong tac cia cac chat diém trong hé
tung d6i mot doi nhau do do tong momen doi véi O cua nhiing luc nay s€ bang 0. Vay veé
phai chi con la tong momen doi vai O cua cac ngoai luc tac dung 1én hé.

Vay (1.48) dugc viét lai:

dL —
—— =M (L.49
m (1.49)

Tur day suy ra dinh ly: Pao ham theo thoi gian cua mémen dong luong ciia mot hé
bang tong mdémen céc ngoai luyc tac dung 1én hé (d6i véi mot diém gdc O bét ky).
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Trudng hop riéng: Hé chat diém 1a mot vét rin quay xung quanh mét truc ¢d dinh A:
L=lo
Dinh 1y vé momen dong lwong c6 thé viét:
L _d(le) _
dt dt

Lay tich phan phuong trinh trén tir thoi diém t, dén t, twong tng véi su bién thién

M < dL = Mdt

cua L tu Edén E ta duoc:

Néu M khong dbi ta duoc:
t_
L, -L = [Mdt
2 J (1. 50)

o AL =M At
Chu thich: Ddi véi vat rin quay xung quanh mot truc ¢b dinh, mémen quan tinh:
| = const
Vay dinh Iy vé mémen dong luong c6 thé viét:
%(I.Z)) = |.°('j—i’=ﬁ

—

Thay dd_io bing gia toc E ta lai thu dugc phuong trinh co ban cta chuyén dong quay

cua vat ran xung quanh mdt truc.

1.B=M
* Dinh luat bao toan mémen dong lwong
Gia sir 6 mot hé chit diém khong chiu tac dung cta cac ngoai luc (hé chit diém co

1ap) hodc chiu tac dung cta cic ngoai luc nhung tong mémen cac ngoai luc ay doi voi diém

gdc O bang 0.
Dinh Iy mémen dong lugng cho hé:
% =M =0= L = const (1.51)

Vay: DPéi v6i mot hé chit diém co lap hoac chiu tac dung cua cac ngoai luc sao cho
tong momen cac ngoai lyc ay ddi véi diém géc O bang khong, thi tong momen dong lugng
cua h¢ 1a mdt dai lugng bao toan.

Truong hop h¢ quay xung quanh mdt truc ¢ dinh, dinh ly vé momen dong luong
d6i v6i hé trong truong hop nay:

d

a(lla)l+|2a)2+"'+liwi +..)=M
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Khi M =0 thi ta duoc két qua:
Lo, + @, +..+ 1, @ +..=const (1.52)
1.3. Cdng va co nang

1.3.1. Cong va cong suat

Pé dic trung cho su truyén chuyén dong giita cac

vat, nguoi ta dinh nghia: Cong 1a sé do sy truyén chuyén M

dong, tic 1a sy truyén ning lugng tir vat nay sang vat khac. F

Gia thiét c6 mot luc @én_g doi, diém dit cua Hinh 1-11 ’
n6 chuyén doi mot doan thaing MM'=s.

Cong A do luc F sinh ra trong chuyén doi MM’ I dai Iuong co tri s6 cho boi:

A=F.MM'.cos(F;MM ‘) =Fs.cosa (Vi & =(F;MM")
Hay: A=Fs (1.53)
Vi F.cosa 14 hinh chiéu F, cua F Ién phuong chuyén doi nén ta co thé viét:
A=Fs
Cong A do huc F sinhra I dai luong vo hudng:
+ A >0 khigoc a nhon, ta noi luc F sinh cong phat dong.

+ A<0Kkhigoc a tu, tandiluc F sinh cong can.

+ Khi a =% tic 1a F vudng goc véi phuong chuyén doi, cong A do luc sinh ra sé

bang 0.
Trong trudong hop tong quat, diém dat " ¥
cua luc di chuyén trén mot duong cong tur vi -
tri (1) dén vi tri (2), d6 16n va phuong tac da
dung cua luc cling thay d6i. Dé tinh cong (1] 2]
trong truong hop nay, ta chia dudng cong
Hinh 1-12

(1,2) thanh nhirng doan chuyén doi vo cung B
nho sao cho moi doan chuyén doi MM'=ds co6 thé coi nhu thang va trén moi doan d6 luc F
coi nhu khong dbi.
Ta c6 thé tinh cong nguyén t6 dA ciia lyc trén d6 dich chuyén nguyén td ds:
dA = F.ds = F.ds.cos &
Cong cta luc F trén toan b quing duong di tir diém 1 dén diém 2 1a:

2 2_}_>
A:jdA:jF.ds
1 1

* Cong sut: la cong thuc hién dugc trong mdt don vi thoi gian.

P =TA (don vi: W)
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1.3.2. Pong ning
a. Khdi niém
Xét mot chat diém khdi lugng m chuyén dong trén mot quy dao bat ky dudi tac dung
cua mot lyc F va chuyén doi tir vi tri (1) sang vi tri
2. v
Cong cua lyc F trong chuyén doi tir vi tri ds
(1) sang (2) la:

2

A= j s (1.40) a
' . Hinh 1-13
M3 Foma=m3¥ (142
dt

Thay (1.41) vao (1.40) ta dugc:

@ N ) VARG 2

A= jm—vds_j v J'deV jmd(V—)_jd(mV
() dt () d (3] () 2 () 2

Gia str khi né ¢ vi tri (1) trén quy dao, van toc ciia né 1a \Z va khi n6 téi vi tri (2)
trén quy dao, van tdc cta no 1a \Z . Thuc hi¢n phép tich phan phuong trinh trén ta duoc:
WARAS
2
mV,”

= A (1.55)

Ta dinh nghia: =W,, 1a dong nang cua cht diém tai vi tri 1

mV.2 e
2 = W,, 1a dong nang cua chat diém tai vi tri 2

Tong quét: Biéu thirc dong ning cua chét diém c6 khdi lwong m, van tde v cho boi:
mv?

W, = (1.56)

b. Dinh Iy vé dong ning
Tir dinh nghia vé dong nang, ta viét lai duoc phuong trinh (1.55) :

Wy, =W, = A

Tir d6 ta c6 dinh 1y vé dong niang: Do bién thién dong ning ciia mot chat diém trong
mdt quing dudng nao do co gia tri bang cong ciia ngoai luc tac dung 1én chat diém sinh ra
trong quang duong do.

1.3.3. Thé niing
a. Khadi niém

Néu cong A, cua luc [ khong phu thudc duong dich chuyén MN ma chi phu
thudc vao vi tri cua diém diu M va diém cudi N thi ta noi réng: F la luc ctia mét truong luc
the.
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Tur tinh chét trén cta truong luc thé ta co thé dinh nghia: Thé ning cia chat diém
trong truong lyc thé 1a mot ham W, phu thudc vi tri ciia chat diém sao cho:

Aun =W, (M) =W, (N)(1.57)

Tir dinh nghia nay ta thiy ngay rang néu dong thoi cong W, (M) va W, (N) véi cung
mot héng s6 thi hé thuc dinh nghia trén van duoc nghiém, ndi cach khac: Thé nang cua chét
diém tai mot vi tri dugc dinh nghia sai khac mot hang sd cong.

b. Pinh Iy vé thé ning

C4c tinh chat cua thé ning:

+ Thé nang tai mot vi tri dugc xac dinh sai khac mot hiang s6 cong nhung hiéu thé ning
gitra hai vi tri hoan toan xac dinh.
+ Gitra truong luc va thé nang c6 h¢ thirc sau:

A = [F.ds =W, (M)-W,(N)
MN

Pay chinh 1a biéu thirc ciia dinh 1y vé thé ning.

Néu cho chit diém dich chuyén theo mot vong kin (diém cudi N tring v6i diém dau
M) thi h¢ thirc trén day thanh:

fF.ds=0

Y nghia cta thé nidng: Thé ning 1a dang ning luong dic trung cho tuong tac.

Vi du: Dang thé ning ctia chat diém trong trong trudng cua qua dét 1a ning lwong dic
trung cho tuong tac gitta qua dat voi chit diém, ta ciing ndi d6 1a thé ning twong tac cua qua
dat va chat diém.

1.3.4. Co nang
a. Khai ni¢m
Co ning la dang ning luong tng v6i chuyén dong toan thé ciia hé co hoc. Tong dong
nang va thé nang cua chat di€ém duogc goi 1a co nang cua chat diém.
Co ning = dong ning + thé ning.
b. Dinh ludt bdo toan co ning

Khi chat diém c6 khoi lwong m chuyén dong tir vi tri M dén N trong mdt truong luc
thé thi cong cua truong luc cho boi:

Ayn =W, (M) -W,(N) (1.57)

Theo dinh 1y dong nang: Do bién thién dong ning cia chat diém dang xét bang cong
cua luc tac dung.

A =W, (N)-W, (M) (1.58)

Tur (1.57) va (1.58) suy ra:

W, (M) -W, (N) =W, (N) -W, (M)
<SW,(N)+W,(N)=W,(M)+W,(M)
Vay: W =W, +W, = const (1.59)
16



Tir biéu thirc (1.59) ta ¢ dinh luat bao toan : Khi chit diém chuyén dong trong mot
truong Ire thé (ma khong chiu tac dung ciia mot lyc ndo khac) thi co ning cia chat diém 1a
mot dai lugng bao toan.

W =W, +W, = const

Hé qua: Vi W =W, +W, =const nén trong qua trinh chuyén dong cua chit diém
trong truong lyc thé néu dong ning W, ting thi thé ning W, giam va nguoc lai, & chd nao
W, cuc dai thi W, cuc tiéu va nguoc lai.

Chi y: Khi chit diém chuyén dong trong trudong luc thé con chiu tic dung ciia mot
luc F khac luc thé (vi du lyc ma sat) thi co ning cua chat diém khong bao toan: Do bién
thién co ning cta chit diém sé bang cong cta luc F do.
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BAI TAP
Bai 1: Mot vat ¢6 gia toc khong ddi 1a +3,2 m/s?. Gia sir vat bit ddu chuyén dong tir trang
thai nghi, tai mot thoi diém nao d6 van tdc ciia nd 1a 9,6 m/s. Hoi van tdc clia nd va quing
dudng ma n6 di duoc bing bao nhiéu tai thoi diém
a. S6m hon thoi diém trén 1a 2,5s?
b. Mudn hon thoi diém trén 1 2,5s?
(a. 1,6m/s va 0,4m; b. 17,6m/s va 48,4m)
Bai 2: Mot 6 to chuyén dong thang nhanh dan déu qua 2 diém A, B cach nhau 20m trong 2s.
Van toc cta 6 to tai B 1a vg = 12m/s.
a. Tim gia téc chuyén dong va van toc cia 6 to tai diém A?
b. Quing dudng ma 6 to di di duoc tir diém khai hanh dén diém A?
(a. 2m/s®; va = 8m/s. b. 16m)
Bai 3: Mot vat chuyén dong thang nhanh dan déu qua A véi van tdc va va di dén B mat thoi
gian 4s. Sau d6 2s, vat dén duge C. Tinh va va gia toc cia vat. Biét AB = 36m, BC = 30m.
Tha roi mot vat tir do cao h = 19,6m, Iy g = 9,8m/s?. Tinh:
a. Quang dudng ma vat roi duogc trong 0,1s dau va 0,1s cudi?
b. Thoi gian dé vat di dugc 1m dau va 1m cudi ciia d cao h?
(a. 0,049m, 1,911m; b. 0,45s, 0,05s)
Bai 4: Nguoi ta tha roi tu do hai vat A va B & cung mot do cao. Vat B duoc tha roi sau vat A
mot thoi gian 13 0,1s. Hoi sau bao lau ké tir luc tha vat A thi khoang cach giita chung 1a 1m.
Ly g = 10m/s*?
(1,05s)
Bai 5: Mot vat duoc tha roi tir mot khi cau dang bay ¢ d6 cao 300m. Hoi sau bao 1au vat roi
t&1 mat dét néu:
a. Khi cau dang bay 1én (theo huong thang dtng) v6i van toc Smys.
b. Khi cau dang ha xudng (theo phuong thang ding) voi van tde Smys.
c. Khi cau dang dimg yén.
(a. 8,4s; b. 7,3s; c. 7,89)
Bai 6: Mot chit diém chuyén dong tron nhanh dan déu. Ban kinh cta duong tron quy dao R =
0,5m. Gia str ban dau chat dlem dung yén va sau 10 gidy chat dlem ¢6 van tc dai v = 25m/s.
Tim gia téc goc, gia tc tiép tuyén, gia toc phap tuyén va van tdc dai cia chit diém & thoi
diém t= 15s.
(5rad/s?; 2,5m/s?; 2812,5m/s%; 37,5m/s)

2

Bai 7: Mot banh xe quay xung quanh truc ctia nd véi gia toc g()cﬂ =314rad/s” pan kinh
banh xe R = 10cm. Hoi sau gidy thi nhit:
a. Van toc goc va van toc cua mot dlem trén vanh banh la bao nhiéu?
b. Gia téc phép tuyén, gia toc tiép tuyén va gia toc toan phan cia mot diém trén vanh béanh 1a
bao nhiéu?

(a. 3,14 rad/s, 0,314m/s; b. 0,985m/s?, 0,314m/s%, 1,035m/s?)
Bai 8: Mot vo ling dang quay véi van tdc 300 vong/phit thi bi him lai. Sau mot phat him,
van tdc ctia vo ling con 1a 180 vong/phut. Tinh:
a. gia toc goc ciia vo lang khi bi ham.
b. s6 vong ma vo ling da quay dugc trong thoi gian 1 phut him d6.
Coi vo lang chuyén dong chdm dan déu trong sudt thoi gian ham.

(a. -0,21 rad/s?; b. 240 vong)

Bai 9: Mot co gai 40kg va mot xe truot 8,4kg & cich nhau 15m trén mat hd dong bang. Nho
mot soi day ma co gai tdc dung mot luc ngang 5,2 N vao xe dé kéo nd vé phia minh.

a. Gia toc cua xe 13 bao nhiéu?

b. Gia tdc cuia 6 gai 1a bao nhiéu?

c. biém ma xe va nguodi gdp nhau cach diém ding ban dau ctua co6 gai 1a bao nhiéu néu gia
thiet la khong co6 tac dung cia luc ma sat?
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(a. 0, 62m/s b. 0, 13m/s c.2,6m)
Bai 10: Mot 6 t6 c6 khdi luong 2,5 tan chuyén dong trén duong nam ngang, hé sb ma sat giita
6 t0 v6i mat dudng k = 0,1. Tinh lyc kéo ctia dong co néu:
a. 016 chuyén dong déu?
b. O t6 chuyén dong nhanh dan déu véi gia tbc a = 2m/s’.
(a. 2500N; b. 7500N)
Bai 11: Mot ngudi co khdi lugng m = 70kg s& nén 1én san thang may mot lyc 14 bao nhiéu khi
thang may chuyén dong nhanh dan déu véi gia téc 0,8m/s? theo hudng:
a. bi lén.
b. Pi xudng.
c. Bé cho nguoi khong nén 1én san thang may thi thang may phai chuyén dong véi gia toc 1a
bao nhiéu?
(a. 742N; b. 630N; c. a = g)
Bai 12: Mot vat co khdi luong Skg duoc dit trén mat phang nghiéng hop v6i mat phang nim

ngang mot goc & = 30°, Hé s6 ma sat giira vat va mat phang nghiéng 1a k = 0,2. Tim:
a. Gia toc ctia vat trén mat phang nghiéng?
b. D6 16n cia e ma sat trén mat phang nghiéng do?
(a. a= g(sina—kcosa) =3, 24m/32; b. F =kmgcosa =8,5N
Bai 13: Mot xe cho day cat, d6 trén duong ray nam ngang. Toan bd xe co khdi luong M =
5000kg. Mot vién dan co khéi luong m = Skg bay doc duong ray voi van tée v = 400m/s theo
phuong hop voi mat phang nim ngang mot gbc & 36 va t&1 dap vao xe cat. Sau khi gap
xe, vién dan nam ngap trong cat. Tim vén tdc ciia xe néu bé qua ma sat giita xe va duong ray.
(0,32m/s)
Bai 14: Mot xe cho cat khdi lugng 38 kg dang chay trén duong nam ngang khong ma séat voi
van toc 1 m/s. Mot vat nho khdi lwong 2kg bay ngang véi van toe 7 m/s (d6i v6i mat dat) dén
chui vao cét va nam yén trong d6. Xac dinh van téc mai cia xe néu vét bay dén nguoc chiéu
xe chay?
(0,6mis)
Bai 15: Tinh cong can thiét dé kéo mdt 1o xo gidn ra 20cm biét rang luc kéo ti 1& voi d6 gidn
ctia 10 xo va mudn 16 xo gidn 1cm thi phai can mot Iuc 30N.
(60J)
Bai 16: Mot 6 to khdi lwong mot tan, khi tit may chuyén dong xudng dbc thi co van tdc
khong doi v = 54km/h. PO nghiéng cta doc 1a 4%. Hoi dong co 6 to phai c6 cong suat bao
nhiéu dé n6 1én duoc dbc trén voi cung van tdc 54km/h.
(11,8kW)

Bai 17: Mot doan tau khéi luong 50 tn chuyen dong trén duong ray nam ngang véi van toc
khong d6i bang 36km/h. Cong suat cia ddu may 1a 220,8Kw. Tim hé s6 ma sat giita tau va
duong ray.

(k = 0,045)
Bai 18: Khéi lugng mit tring nhoé hon khdi luong Trai Dat 81 1an, dudng kinh mit tring bang
3/11 duong kinh qua dat. Hoi mot nguoi trén miat dat nang 600N 1én mit tring s& ning bao
nhiéu?

(P’=100N)
Bai 19: Mot qua cau khdi lwong m; didt cach dau mot thanh dong chét 1 doan bang a trén
phuong keo dai cta thanh. Thanh c6 chiéu dai I, khdi lwong my. Tim Iyc hut cta thanh 1én qua
cau?
Bai 20: Nho mot tén hira, vé tinh nhan tao dau tién ctia qua dat dugc mang 1én do cao 500km.
a. Tim gia toc trong truong & do cao do.
b. Phai phong vé tinh véi van téc bang bao nhiéu theo phuong vudng goc véi ban kinh qua dét
dé quy dao ctia nd quanh trai dat 1a mot duong tron. Khi 6 chu ky quay cta vé tinh quanh
qua dét bang bao nhiéu? Ly ban kinh qua dit R = 6500km, g,= 9,8m/s>. B6 qua stic can cia
khong khi.
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Chuwong 2: Chat Léng

2.1. Chuyén dong ciia chat 16ng 1y twéng
2.1.1. Phuong trinh lién tuc
a. Puong dong

Dbi voi mot chat 1ong chuyén dong, tai mot thoi diém to, mdi chat diém trong chat
long dugce dic trung bang vecto van tdc cua hat
chat long tai diém 4y. Tap hop nhirng vecto vén toc

tai nhitng diém khac nhau & thoi diém t lam thanh

mot truong goi 1a trudng vecto van toc. Biét duoc

trudng vecto van toc ¢ nhitng thoi diém khac nhau

Hinh 3-1

ta s& biét duoc dic tinh chuyén dong cua chét long.

Néu van toc va ap suat tai mdi diém bat ky trong chat long khong thay doi theo thoi
gian thi ta goi chuyén dong cta chat 1ong 1a chuyén dong dimg.

Khéi niém dudng dong: Pudng dong 13 dudng cong ma tiép tuyén tai moi diém cua
no6 c6 phuong tring véi vecto van tdc cta truong & thoi diém xét. Tap hop nhiéu dudng dong
la ho duong dong.

O trang thai ding cac dudng dong khong thé cit nhau, khong bién dang , va trung voi
quy dao cua hat chit 1ong. 5,
b. Ong dong

Dé nghién ctru chuyén dong ciia toan dong chat long
ngudi ta phan tudng twong chat 1ong ra thanh ting 6ng dong.

Ong dong 1a ho duong dong tua trén mot dudng
cong kin. o

Tiét dién cua 6ng dong S duoc chon du nho sao cho Hinh 3-2: Gng ding
van toc cua céc hat di qua mdi tiét dién la nhu nhau.

C. Phwong trinh lién tuc

Goi S1,S; 14 hai tiét dién ngang bét ky ciia dng dong. Chat long chuyén dong dimng
nén cac hat Ivu chat qua S cd cung van tdc V1, qgua Sz co cung van tde V.

Luu chét 1a moi trudng lién tuc khong nén duoc thi khdi lugng chat 1ong chira trong
6ng dong giGi han boi hai tiét dién S;,S; 1a khong doi, do d6 khdi lugng lwu chét chay qua
S1,S; trong cung thoi gian dt 14 nhu nhau, ta c6:

dm=p,.S,V,.dt=p,.S,V,.dt
Do chat hru khong nén dugc nén khéi lugng riéng p, = p, = p, nén ta co:
SV, =S,V,

Hay: S.V = const (3.1) goi 1a phuong trinh lién tuc ciia chit 16ng.

Phét biéu: Tich giita van tdc cua chat 1ong va tiét dién ngang cua dng dong & mot vi
tri bat ky 1a khong doi.
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Tur phuong trinh lién tuc ta suy ra: O nhitng chd ma tiét dién ngang cta dng dong
hep, tirc s6 duong dong di qua mot don vi tiét
dién ngang 16n thi van toc cia chat long 16n va
nguoc lai.

2.1.2. Pinh ly Becnuli

Tudng tugng mot ong dong ciia mot ‘ Ava
chat Tuu chuyén dong & trang thai ding. Liy i h
mdt doan Ong gidi han boi hai tiét dién Sy,S,.
Gia thiét dng dong du nho dé ¢ van tde V va ép ¥ v

suat p & mdi tiét dién 1a khong d6i. O tiét dién
S, chat 1ong co van téc va ap suat tuong ung 1a

Hinh 3-3

V, va p;; ¢ tiét dién S ) chat 16ng c6 van tdc va ap sudt twong tng 1a V,,p,.

Ta tinh bién thién co ning toan phan ctia doan 6ng dong y trong thoi gian At. Gia sir
trong thoi gian d6, doan 6ng di chuyén dén vi tri c6 tiét dién giéi han 1a S;;S,. C6 thé coi
phan chét 1ong nam giita hai tiét dién S;;S, khong chuyén dong ma chi c6 phan chit long
khdi hrong Am gidi han boi S, ;S, da chuyén dén vi tri méi gidi han béi S,;S, .

Co ning toan phan cta khdi chét long d6 & vi tri dau va cudi la:

AmV.?
W, = =

+Am.g.h, (3.2)

_AmV;

W, +Am.g.h, (3.3)

Co ning toan phan da bién thién mot lwong la:

2 2
AW = (Amz'vz +Am.gh,)- (Amz'Vl +Am.gh)(3.4)

Theo dinh luat bién thién co ning thi do bién thién iy bang cong ciia ngoai luc tac
dung 1én doan dng dong do: AW = AA(3.5)

Cong AA la cong ctia ap luc tac dung 1én hai dau 6ng S;;S, (cac ap luc 1én mit bén
c¢6 phuong vudng goc voi phuong dich chuyén ciia dng dong khong thuc hién cong).

Do do: AA=AA +AA,

AA=p,.S V, At—p,.S,V,.At (3.6)
Phuong trinh lién tuc:
SV At =SV, At = AV (3.7)

V6i AV 1a thé tich ctia phan chat 16ng khdi lugng Am

Tu (3. 3) (3.4) (3.5) (3.6) (3.7) ta suy ra dugc:

AmMV; AmMV,?
2 +Amgh, + p,.AV = L

+Amgh, + p,.AV
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Chia hai vé cia phwong trinh nay cho AV va luu ¥: i—\n/] = p 1a khi lugng riéng cta
chit 1ong , ta duoc:
1 1
Epv; +pgh, + p, = Epvf + pgh, + p,(3.8)

L& phuong trinh Becnuli — phuong trinh co ban ctia dong luc hoc chat long 1y tudng

trong trong truong déu. Phat biéu: Doc theo mot duong dong ¢ trang thai ding thi dai luong

% PVZ+ pgh+ p=const cia chat long 1y tuong 13 mot hang sé.

2.2. Hién twgng nhdét
Trong muc ndy ta nghién ctiru chuyén dong cta chat luu thuc

2.2.1. Lwe ma sat nhot

Gia sir c6 mot dong chat luu chuyén dong theo mot hudng xac dinh Ox trong mot
mdi truong cé nhitng vat can. Thuce nghiém ching to rang, van téc dinh hudng cta cac phan
tir chat Ivu ndm doc theo phuong Oz vudng goc voi Ox ndi chung 1a khac nhau.

Pinh nghia hi¢n tugng nhot:

Xét mot dong chat Iuu chuyén dong trong mot 6ng hinh tru (song song véi OX), van
tdc dinh hudng cua cac phan tir giam dan tir diém gitra 6ng dén diém gan thanh 6ng. Khi d6
ta hay xét hai 16p chat luu Oz chuyén dong voi nhirng van toc dinh huéng khac nhau. Giira
hai 16p chét Iuu c6 luc tuong tac: Lop chuyén dong nhanh kéo 16p chuyén dong cham , 16p
chuyén dong chim ngin can 16p chuyén dong nhanh, twong tu nhu giira cac 16p chat luu c6
luc ma sat. Hién tugng dé goi 1a hi¢n tugng nd1 ma sat. Luc ma sat xuét hién gitra cac lop chét
luu goi 1a Iyc ndi ma sat (Iuc nhét): luc ndy ndm theo phwong tiép tuyén cua mit tiép xuc giita
hai 16p khi.

2.2.2. Luwc can nhét, cong thire Stdc

Thuc nghiém chimg to rang lwc ndi ma sat F giira hai 10p chét luu vudng goc véi Oz
c6 cuong do ty 1€ voi do bién thién cta van téc dinh hudng u

theo phuong z va ty 1¢ voi dién tich tiép xtic AS giita hai 16p

khi. o

> u+du

. , du dz
Cong thiac: AF =7n.—.AS (3.10)

dz ——>u

Voi n la hé $6 ty 1¢ goi 1a h¢ $6 ndi ma sat hay hé s6 nhot .
Trong hé SI thi don vi cia 7 la: n.s/m? = kg/ms

@)

Hinh 3-4
Cong thirc (3.10) 1a dinh luat Niu-ton.

* Cong thirc Stoc
Gid su c6 mdt qua cau nhd ban kinh r chuyén dong tinh ti€n vdi van tdc u trong mot
khoi chat luu.
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Do c¢6 hién tugng ndi ma sat , qua cau 10i kéo mot 16p chat lvu ¢ gan mat cua nd

chuyén dong theo. 2 g
A , b LA 4r. o 1s A \ —=r —>
Thyc nghi¢m chung td, bé day cua 16p chat luu nay 3 | >

\ 5 2 A 5 A 5 ’ - A r A
vao khoang 3 r ; phan tir chat luu ¢ ngay sat mat cau c6 van \ -
téc dinh hudng u, dbi voi cac phan tir & xa hon, van toc ay

\ . 2 Loz s

iam dan va dén khoang cach —r thi van toc ay bang 0. s

& Jcach gt tivantocdy bang Hinh 3-5

Ta c6 thé tinh d6 bién thién cua u theo z:

d_u-0_3u
z 2 2
3
Luc ndi ma sat bang luc can tac dung 1én qua cdu duoc tinh nhu sau:
du 3 u )
F=n—AS=n—.—A4n
o T Gy
F =6zn.ru

Pay 1a cong thirc Stéc. N diing dbi véi nhirng gia tri cta van toe u khong 16n ldm.
2.2.3. Toc dd ling
Ta xét vat c6 khdi lugng riéng Lo chuyén dong trong cht 1ong c6 khdi lwong riéng p
(0, > p ). Vit s& chuyén dong dirng (v=const) khi
P=F,+F

Trong do F, F. la luc day Acsimét va luc can nhot.

P=m,g=p, 3 7Ry (312)
4 s
F, =mg =p§7zR g (3.13)
Vay v=2£P g7 (314
9 7

Tbc dd le“ing ti 1€ v&1 binh phuong béan kinh cia vat va véi do nhét cia khéi chat long.
Do d6 dya vao viée do toc do léng v ta ¢6 thé xac dinh duge do nhét n.

2.3. Lwc phan tir va trang thai 16ng
2.3.1. Lwc phan tir
Trong chét 16ng, khoang cach phan tir nho

E.& E, f

S0 V&i trong chat khi, vi vay luc hat phan tir dong

mot vai trd dang ké. Tuy nhién, lyc hut phéan tir

=Y

gidm nhanh theo khoang cach, do dé chi nhiing

phan tr cach nhau mét khoang nho hon r vao c&

10 mét mai tac dung 1é€n nhau.

Hinh 3-6

Néu tor mot phan tur lam tAm, ta v&€ mot mat
cau ban kinh r thi phan tir trén chi tuong tac vdi cac phan tur nam trong mat cau do.
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Dbi véi cac phan tir ndm sau trong chat 10ng, mit cau bao vé ciia chiing nim hoan toan
trong chat 1ong, luc tac dung 1én méi phan tir d6 vé moi phia va tinh trung binh thi chlng can
bang nhau. Do d6 luc twong tac tong hop cua cic phan tir chat 1ong 1én phan tir nay bang
khong.

Déi voi cac phan tir nim & 16p mit ngoai (co bé day nhé hon 10°m) thi mit ciu bao
vé ctia chung khong nam hoan toan trong chat 16ng, lic d6 cac luc tac dung 1én mdi phén tir
d6 khong bu trir nhau va mdi phan tir chiu tac dung ctia mot luc tong hop hudng vao trong
chat 1ong. Luc ndy ép 1én phan chat long phia trong va giy nén mot ap suit goi la ap suét
phan tir. Ap suat d6 chinh 13 ndi ap. Pi v6i nudce, ap sudt phan tir ¢ gia tri dén hang van
atmotphe.

Mic du ap suat phan tir rat 10n nhung né khong nén duoc cic phan tir & phia trong sat
lai nhau. Trong cht 1ong khoang cach giita cac phan tir nim canh nhau ciing chi vao ¢ 1o (fo
1a khoang cach ma tai d6 luc hut can bang luc ddy). S¢ di nhu vy vi luc khoang cach phan tir
nho hon, thi luc day giita cac phan tir 1on: cac luc day nay chdng lai ap sudt phan tir va lam
cho cac phan tir khong sit lai. Tinh kho nén cta chit 10ng ciing giai thich boi Iy do twong tu.

Can cht y rang khong thé do duoc 4p suat phan tir vi nd ludn luén hudng vao trong
chat 1ong, n6 khong tac dung 1én thanh binh va 1én cac vat nhiing vao trong chit 1ong.

2.3.2. Céu tric phan tir va chuyén dong nhiét cia chit léng

Trong phﬁn khi thue, ta da théy Iuc nhiét do thép hon nhiét d6 téi han néu nén manh ,
khi s& bién sang trang thai long. Thuc nghiém ciing ching t, néu dugc tiép tuc lam lanh , cac
chat long s& dong dic va chuyén sang thé ran. Vay co thé noi trang thai long 1a trang thai
trung gian giita trang thai khi va ran.

Tuy theo nhiét do va ap suat, chét 1ong c6 cac tinh chat gin chat khi hodc chat ran. ¢
nhiét do gan nhiét d6 t6i han, chat 1ong c6 nhiéu tinh chit gibng chat khi , va lic nhiét do
bang nhiét do toi han thi khong con ranh gi6i giita 10ng va khi nita. O nhitng nhiét do gan
nhi¢t d§ dong dac, chét long lai co nhiéu tinh chat tuong tu chét rin, luc d6 céc phan ti khong
hoan toan chuyén dong hdn loan ma chung sap xép twong dbi thir ty, gan gidng nhu trong cac
tinh thé vat ran. Tuy nhién & trang thai binh thuong, chat 10ng c6 nhiéu tinh chat khac chét khi
va chat ran.

Céu triic phan tir cia chat 16ng ciing nhu tinh chat ctia chuyén dong nhiét ciia cac phan
tir trong chét 1ong tiy thudc vao luc tuong tac giira cac phan tir. Lyc tuong tac trong truong
hop nay thuc ra rat phirc tap nhung ta c6 thé tam don gian héa coi nhur chi xét sy tuong tac
giita hai phan tir. Nghia 13 ta c¢6 thé dwa vao do thi biéu dién luc twong tac tong hop f vathé
ning tuong tac tong hop E; giita hai phén tir dé giai thich trén nhitng nét co ban céu tric phan
tir cling nhu chuyén dong nhiét ciia chat 1ong.

D6i voi chat khi trong d6 dong ning trung binh W ciia phan tir kha 16n (so voi phan
tir chét 16ng va chat rin) nén né ludn ludn thing lyc twong tac giita cic phan tir, lam cho cac
phan tir khong lién két dugc v6i nhau. No6i cach khic cac phan tir chat khi khong bi giam
trong cac hd thé ning.
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Nhung d6i v6i chit 1ong, dong ning trung binh ciia phan tir nhd hon nhidu vi vay,
dudng mirc ning lugng toan phan E ndm & xdp xi dudi miéng hd thé niang. Do d6 khi phén tur
chit 1ong chuyén dong dén vi tri A hodc B thi dong ning cua nd bang 0. Vi vy dudi tac dung
cta lyc tong hop hodc 1a luc ddy (vi tri A) hodc 13 Iyc hat (vi tri B) phan tir s& phai thay doi
chidu chuyén dong, nghia 13 phén tir bi giam trong hd thé ning va chi dao dong mot cach hdn
loan quanh vi tri cdn bang M (MA=MB).

Tuy nhién dong ning trung binh ctia phan tir chat 1ong chwa phai c6 gia tri nho nhu d6i
v6i truong hop chat ran nén sau mot thoi gian nao d6 dao dong quanh vi tri M, nho tuong tac
v6i cac phan tir chung quanh, phin tir ndy c6 thé c6 dong ning c6 gia tri 16n hon va do d6
vuot ra khoi hd thé ning toi chiém mot vi tri cAn bang mdi gitra cac phan tir dé lai dao dong
trong pham vi hd thé ning moi.

2.4. Nang lwgng mat ngoai va sirc caing mat ngoai

2.4.1. Trang thai cang mat ngoai
a. Khdi niém mdt cau bdo vé

Trong chit 16ng, khoang cach gira cic phan tir 1a nho so voi chat khi, tuy nhién
khoang cach d6 van 16n hon 1o, vi vay luc hat phin tir dong vai tro dang ké. Mit khac do tinh
tac dung gan nén chi nhirng phan tir cach nhau mot khoang nhoé hon 10r, thi méi tac dung 1én
nhau.

Néu tir mdt phan tir 1am tAm ta v& mot mit cau cé ban kinh r vao khoang 10r, thi phan
tr trén chi tuong tac véi cac phan tir ndm trong mit cau d6. Mit cdu nhu vy goi 1a mit cau
bao vé.

Do tinh chit déi ximg ctia mit cau nén cac luc tac dung cua phan tir xung quanh 1én

phan tir nam & tam mat cau bao v¢ xem nhu phan bo doi xung.

b. Ap suit phin ti

Dbi v6i phan tir B ndm sau trong 10ng chit 10ng mit ciu bao vé cta ndé nam hoan toan
trong chat 16ng luc tac dung 1én phan tir ndy bu trir cho nhau vé moi phia. Pi voi phan tir A
nam & bé mat chit 1ong noi tiép xuc gitra chit 1ong va chat khi thi mat cau bao vé ciia n6 chi
c6 mot nira nam trong chét 1ong nén lyc tac dung vao phan tir ndy c6 phuong vudng goc voi
mit thoang va chiéu huéng vao trong chat long. D6i v6i phan tir C nam trén chu vi tiép xuc
v6i thanh binh xung quanh né c6 mit cdu bao vé nén tong hop tac dung 1én nd c6 phuwong lam
voi thanh binh mot goc 45° va hudng vao trong. Mdi phan tir nim trén mét thoang ludn chiu
luc tong hop hudng vao trong long chét 1ong. Luc nay nén 1én phan chét 16ng phia trong mat
thoang va gay nén mot ap suat goi 1a ap sudt phan tir.

D6i voi nude, ap sudt phan tir c& hang van atmotphe. Tuy ap suat phan tir 1on nhung
nd khong thé nén duoc cac phan tir vao phia trong vi khoang cach nhé hon ro thi lyc day
chiém uu thé, n6 chéng lai su nén va tao ra tinh kho nén cta chét long.

Ta khong thé do dugc ap suat phan tir vi né luon hudng vao trong long chit 1ong, nd
khong tac dung 1én thanh binh va bé mat cac vat dat trong chat long.
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c. Trang thai cang mdt ngoai

Nhu phan tich trén, cac phan ti ¢ bé mit thoang va & trén chu vi tiép xuc ludn chiu luc
kéo vé trong long chét long, dién tich mit thoang luén c6 xu hudng co lai nho nhit. Tuy
nhién, luc tac dung cua cac phan tir rdn ¢ thanh binh va luc cia cac phén tir 16ng (phat sinh
khi cac phan tr & gan nhau) chdng lai xu hudng trén. Vi thé mit thoang & vao trang thai dic

biét goi trang thai cdng mat ngoai. Lyc giy ra trang thai cang la lyc cang mat ngoai.

2.4.1. Nang lugng mat ngoai

M&i phén tir & 16p mit ngoai c6 chiéu day r chiu mot luc hudng vao phia trong khéi
1ong. Viéc di chuyén phan tir trong 1ong chét 10ng ra 16p mit ngoai doi hoi phai tiéu thy mot
cong dé thang luc can ndi trén. Truong hop khdi long khong trao d6i ning luong véi ngoai
vat thi cong nay dugc thyc hi¢n 1a do sy gidam dong ndng cia phan tir nhd d6 ma thé nang
phan tir s& ting 1én, twong tu nhu trudng hop cong thuc hién khi mot vat chuyén dong trong
trong truong tir dudi 1én trén (dong ning cua vat giam, thé ning cua vét ting). Nguoc lai, khi
phan tir di tir 16p mit ngoai vao trong 1ong chit 1ong, nd s& thuc hién mot cong do sy giam thé
ning cta phan tir & chuyén thanh dong ning cta phan tir. Vay mdi phan tir & 16p mit ngoai
khac v&i phan tir & trong long khéi 1ong 1a c6 mot thé nang phuy.

Tong thé ning phu cua cac phan tr ¢ 16p mat ngoai duoc goi 14 ning lwong tu do.
Nang lugng tu do (ndng lugng mit ngoai) chinh 13 mot phan ndi nang cua khéi long.

S6 phan tir 16p mat ngoai cang nhiéu thi ndng lwong mit ngoai cang 10n, vi vay ning
luong mat ngoai ty 1€ véi dién tich mit ngoai. Goi AE va AS la nang luong va dién tich mat
ngoai , ta co:

AE = 0.AS (3.12)
Véi o 1a mot hé sb ti 16 phu thudc loai chét long goi 1a hé s6 suc cang mat ngoai. Trong h¢ SI
, don vicia o 1aJ/m?.

Mot hé ¢ trang thai cAn bang bén luc thé ning cuc tiéu vi viy chét long ciing s& &
trang thai can bang bén luc dién tich mit ngoai cuia né nhd nhat. Thong thuong, do tic dung
clia trong lyc nén chat 16ng choan phan duédi ciia binh chira va mit ngoai 1a mit thoang nim
ngang, nhung néu ta khir duoc tac dung cua trong luc thi khdi chét 1ong s& c6 dang hinh cau
ttc 13 hinh c6 dién tich mit ngoai nhé nhat trong cac hinh cting thé tich.

Hai vi du sau ddy sé& cho ta thay diéu do:

+ Bo mdt it giot dau vao trong dung dich ruou cung ty trong (khéng hoa tan dau); trong
lwong cac giot dau bj triét tiéu boi strc ddy acsimet nén cac giot dau c6 dang nhitng qua cau lo
ltrng trong dung dich.

+ Néu lay mot khung day thép nhing vao nudc xa phong , ta s& dugc mot mang xa

phong phii kin khung. Tha vao d6 mot vong chi rdi choc thing
mang xa phong ¢ phia trong vong chi, vong chi s€ tr¢ thanh vong
tron. S& di nhu vy 1a vi do diéu kién ning lwong cyc tiéu , dién tich
mang xa phong con lai phai nho nhét tirc 1a dién tich thing phai 16n
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nhat. Mubn vy thi dién tich thing phai 1a hinh tron, vi trong cac hinh cung chu vi, hinh tron
|a hinh ¢6 dién tich 16n nhat.

2.4.3. Luwc cing mét ngoai

Dién tich mit ngoai ctia chét 1ong c6 khuynh hudng tu co lai, vi vy vé mot phuong
dién nao ddy, mit ngoai chat 1ong gidng nhu mdt mang cao su bi cang. Dé gilt nguyén tinh
trang mat ngoai ctia chat 10ng, ta phai tic dung 1én chu vi ciia mit ngoai cac luc vudng goc
v6i dudng chu vi va tiép tuyén v6i mat ngoai . Luc d6 goi 14 strc cing mat ngoai.

Dé tinh gié tri strc cdng mit ngoai ta dung thi nghiém sau:

+ L4y mot khung day thép c6 canh MN dai bang 1 ¢6 thé linh dong duoc.

+ Nhung khung vao nudc xa phong va ly ra, ta dugc mot mang xa phong mong. Dé
mang khoi co lai, can phai tac dung 1én MN mét lyc F dung bang strc cing mit ngoai. Dich
chuyén canh MN mdt doan Ax , dién tich mit ngoai ting 1én mot lugng 1a:

AS = 2.1.Ax
C6 thira s6 2 trong vé phai 1a vi mang xa phong c6 hai mit ngoai ¢ hai phia.
Cong thuc hién boi luc F trong dich chuyén Ax la:
AA = F.AX
Cong nay dung dé lam tang dién tich mit ngoai 1én AS, tirc 1a dd 1am ting ning
luong mat ngoai 1én mot luong AE .
Ta co: AE = AA=0c.AS
Thay gia tri cuia AA va AS vao cong thirc trén ta duoc :
F =0.21 (véi2lla chiéu dai ciia duong chu vi)
Trong trudng hop tong quat , sttc cing c6 thé thay ddi duoc doc theo dudng chu vi,
lac d6 xét mot doan Al di nho ciia chu vi ta van ap dung duoc cong thire trén va co thé viét:
AF =0l (3.13)
(véi AF 1a strc cang tac dung 1én doan Al)
Néu Albang 1 don vi dai thi : o = AF , vi vay co thé dinh nghia o nhu sau: Hé sd
strc cang mat ngoai 1a mot dai lugng vat 1y vé tri sd béng stuc cang tac dung 1én mot don vi

ctia duong chu vi mat ngoai. Trong hé SI, ¢ do bang don vi N/m.

2.5. Hién twong tai bién chat 16ng va chit rin

2.5.1. Hién twgng dinh wét va khong dinh wét

Xét sy xuat hién lyc cang mit ngoai & chd tiép giap ctia chat 16ng véi chét ran.

Gia sir phan tir A clia chat 1ong nam ¢ chd tiép giap cua 3 moi trudng rén, 16ng, khi.
Ta tam thoi coi nhu luc dau mat phan cach cia chat 1ong vudng gdc vé6i thanh binh. V& hinh
cau tac dung phan tir ctia A, ta nhan thdy luc hit ciia cac phan tir khi (hodc hoi) ddi véi A rat
nho, khong dang ké so voi lyc hut ctia cac phan tir chat rén va clia cac phan tir chat long d6i
voi A.
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Luyc hat ctua cac phan tir chat ran doi voi phan tir A ky hiéu 1a f; con lyc hut cua cac

phén tir chét 1ong dbi voi phan tir A ky hiéu 1a

Al e,

f, . C6 thé xdy ra hai truong hop:

+ Néu hop luc cia f_r( va f, hudng

vé phia chét ran ta ¢ hién tuong dinh uét. Khi Chatldng

_ —

+ Néu hop luc ciia f, va f, hudng
N R . . ; ) AMoa,
vé phia chat I6ng, ta c6 hién tuong khong dinh A% ¢ ",
uot. -~ —
Poan Al ey 8
P , P2 i Vatran
a. Hién twong dinh wot Hinh 3-8

Tt hinh v€ , ta suy ra diéu kién can béng cua doan Al trén duong gidi han la:
Ala,, =Ala, +Ala,,.cos6(3.14)

Trong do: Ala,,;Ale,;Ala,, lan luot 1a cac hé s6 sirc cing mit ngoai trén cac mit gioi
han, ran — khi, rin — 1ong, 1ong — khi.
GOc giita cac tiép tuyén v4i mat chit rdn va mat chat 10ng, & phia chat 1ong, dugc goi
1a géc mép.
, a, —a
Tir (3.14) ta co: cosg =k ~rl
a

\ a., —a
G6c mép phai thoa min diéu kién: | = | <1(3.15)
ax

Néu hé thic trén khong duge théa man, tic 1a a >a, +a;,.Du 6 nhd dén thé
nao thi o, van 16n hon hai lyc kia. Khi d6 chat 1ong chay loang v6 han trén mét vét rian. D6
1a su dinh u6t toan phan. Vay trong sy dinh udt toan phan thi géc mép 0 =0

Néu e, , >ea,, thi cos@ >0 vagoc @ lanhon. D6 la sy dinh wét mot phan.

b. Hién twong khong dinh wot
Néu hé thire (3.15) khong duge thoa man, tic 1 «,, > a,, +a,,. DU @ gantrisd 7

thé nao thi a, van 16n hon hai luc kia . Khi d6 mat gi6i1 han chét léng véi chit rin thu vé
mot diém, chit l16ng E:Oi nhu tach khoi vat rin. Do 1a su khong dinh uét toan phﬁn. Goc mép
twong tmg @ =r.Neu «a,, <a,, thi cosd <0 va géc #la goc tu . D6 1a sy khong dinh wot
mdt phan. Hién tuwong 1am wét va khong 1am uét duoc ing dung trong k¥ thuat tuyén khoéng
dé lam giau quing.

2.5.2. Hién twong mao din

Lay mot 6ng thity tinh nhiing vao trong mot chat 1ong , néu dng c6 ban kinh kha nho
thi myc chat 1ong trong dng chénh Iéch voi bén ngoai. Néu chit 1ong 1am wét dng (thi du nurde
va thity tinh) thi myuc chét 1ong trong dng cao hon & ngoai, con néu chét 1ong khong lam w6t
6ng (thi du thiy ngan va thuy tinh) thi myc chat 16ng trong 6ng thap hon. Hién twong muc
chit long trong 6ng dang 1én hay tut xudng d6 goi 1a hién tuong mao dan. Cac 6ng gy nén
hién tugng mao dan goi la mao quan.
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Nguyén nhan cia hién trong mao dan 1a: do tac dung cua 4p suit phy dudi mat khum
trong mao quan. Trong trudng hop lam wdt, mdt khum 13 mit 16m, 4p sudt phu hudng 1én trén
s& kéo theo mot phan chat 16ng vao trong dng. Con truong hop khong lam wét, ap suat phy
hudng xudng dudi va nén phan chit 1ong trong dng xudng.

* Ta tinh xem lic can bang, myc chit 1ong trong 6ng chénh 1éch véi bén ngoai mot
doan 14 bao nhiéu. Xét truong hop myc nudc dang 1én trong 6ng mao dan bang thiy tinh.

+ LAy hai diém M va N trén cing mot myc ngang. Diém N ¢ dudi mit thoang nim
ngang nén nd khong chiu ap suat phu. N6 chi chiu ap suat khi quyén H, vay :
py = H (3.16)

+Piém M vira chiu ap suit khi quyén, vira chiu ap suat thiry tinh boi cot chat 1ong chiéu
cao 1a h, dong thdi nd con chiu ap suat phu Ap (Ap am) giy boi
mat khum. Biét ap suét tinh bang Pgn» taco:

Pu =H + py, +Ap (3.17) =

+ Vi M va N cung nam trén mot mit ngang cho nén: .
pM = pN i k
& pgr +APp=0

A (319) Py \

~9 M H
Hinh 3-5

+ Néu éng mao dan la mot 6ng hinh tru ban kinh r thi mat

thoang trong dng 1a mot chém cau ¢ ban kinh: R= _Lﬁ (3.19)
COS

(r co gia tri am vi mat khum 16m, @ 1a goc mép)

Biét Apzz—a,ta co: h:—&:—z—a(&ZO)
R A Rpg
+ Thay gia tri cia r tir (3.19) vao (3.20) ta duoc:

_2o0cosd

h (3.21) (cong thirc Juy — Ranh)

+ Truong hop chat long khong 1am w6t thanh thi @ >% va h c6 gia tri 4m, chat long
trong 6ng tut xudng. Dic biét truong hop @ =0° (Iam wdt hoan toan) thi:

h=2% (3.22)
rpg

Hién tugng mao dan dong vai trd quan trong trong thién nhién va trong ky thuat. Nho
mao dan, nhua cay co thé van chuyén dén cac bd phan cia cay, dau héa médi c6 theé ngdm vao

bac den...
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BAI TAP

Bai 1: O day ctia mot binh hinh try ¢6 115 thung dudng kinh d = lcm, dudng kinh ciia binh D
= 0,5m. Tim sy phu thudc cua van toc ha mirc nudce ¢ trong binh vao d6 cao h cua myc nudce.
Ap dung cho trudong hop h = 0,2m. )

(v1= %ﬁ 2gh = 8.10" m/s)

Bai 2: Tim van tdc chay cta dong khi cacbonic trong éng dan biét ring ct sau nira gio khoi
luong khi chay qua tiét dién ngang cua dng bang 0,51kg. Khdi lugng riéng cta khi bang 0,75
kg/m®. Pudng kinh cua éng bang 2cm. Coi khi 1a chit 1ong 1y tudng.

(v=0,12m/s)
Bai 3: Mot binh hinh tru ¢6 do cao h, dién tich ddy S chtra day nudc. O ddy binh ¢ 1 16 nho
dién tich S;. Hoi:
a. Sau bao lau nudc ¢ trong binh chay ra hét?
b. 6 cao mue nudc phu thude thdi gian nhu thé ndo khi mo 18, boé qua do nhdt caa nude.

o, T
k3 Zh, | _1 —_— =, —z
@t=g 55 h=2(y2h, -2 512))

Chwong 3: H¢ Nhiét Dong
30



3.1. Thuyét dong hoc phan tir va phwong trinh trang thai khi ly twéng
3.1.1. Mt s6 khai niém co ban

a. Ap suit theo quan diém phén tir

Ap suat duoc dinh nghia: Ap suit 1a mot dai lugng vat 1y c6 gia tri bang luc nén
vudng goc 1én mot don vi dién tich. Néu ky hiéu F 13 luc nén vudng goc 1én dién tich AS thi

ap suat p cho boi:

p= g (4.5)  trong h¢ SI, don vi ap suat 1a N / m? hay Pa.

Cong thirc tinh 4p sudt chdt khi: p= %nw (4.6)

trong d6: n 1a mat do phan tir khi (ttre s phan tir khi trong mot don vi thé tich).

W la dong ning trung binh ctia chuyén dong tinh tién ctia mot phan tir.

Cong thirc nay cho ta biét mdi lién quan giita tinh chat vi mo cua khi (ap suat p) voi
gi4 tri trung binh cua dai luong dic trung cho chuyén dong ctia cic phan tir chat khi (dong
nang trung binh W). Can chu y rang, theo cong thirc nay ap sudt duoc xac dinh boi dong ning
trung binh cta cac phan ti khi, ma dong nang trung binh W chi ¢6 gid tri xac dinh ddi véi
mdt tap hop rat 16n cac phan tir. Do do, chi c6 thé néi 4p suat ctia mot tap hop rat 16n cac phan
ttr khi. Vi vy, ap sut mang tinh chat thong ké.

b. Nhi¢t dp theo quan diém phan tiv

Nhiét d§ duogc dinh nghia: Nhi¢t do la dai luong vat 1y dac trung cho mirc do chuyén
dong hon loan phan tir ciia cac vat.
Y nghia cua nhiét d§: Nhiét do dac trung cho do nong lanh cua vat.

Nhiét 6 6 duoc xac dinh bang cong thirc:

9=§W(4.7)

Tur d6 suy ra: p= %nV_V =n.0 (4.8)

Trong vat 1y dé thudn tién cho viéc nghién ciru va tinh toan, ngudi ta thuong ding
nhiét giai Kenvin c6 don vi nhiét d6 ky hi¢u la K. Mbi thang d6 trong nhiét giai Kenvin béng
moi thang do trong nhiét giai Xendiut. Nhiét d6 0K tng véi nhiét d6: —273°C, va nhiét do
273K ung v6i nhiét do 0°C. Néu chi T 1a nhiét d6 tinh theo nhiét giai Kenvin, t 12 nhiét do
tinh theo nhiét giai Xendiut, ta c6 h¢ thuc:

T=273+t (4.9

M&i lién quan gitra nhiét do do béng don vi nang luong véi nhiét do do béng don vi

d6 duogc biéu thi béng cong thuec:

0= %.v_v =kT (4.10)
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trong do: k 14 hang s6 Bondoman va co gia trj bang: k = 1’38'10_23'4%
0]

Dua vao cong thirc trén, ta thdy khi T = OK thi W = 0nghia 13 cac phéan tir nging
chuyén dong tinh tién. Tuy nhién, cac dang chuyén dong khac ciia phan tir ching han, sy dao
dong cua cac nguyén tir trong phdn tir vin con ton tai. 0K con duge goi 1a do khong tuyét dbi
va nhiét giai Kenvin con dugc goi 1a nhiét giai tuyét dbi.

3.1.2. Thuyét dong hoc phan tir khi Iy twéng

Khi 4p dung céac dinh luat cta nhiét dong luc hoc cd dién cho chat khi , chung ta chi
quan tam t6i cac bién sb vi mé nhu ap suat, thé tich, nhiét 6. Mic du ching ta biét chat khi
gdm cac nguyén tir va phan tir, nhung cac dinh luat nhiét dong huc hoc ¢ dién khong chu ¥
t6i diéu do.

Nhu ta da biét, ap suat tac dung bai chat khi phai lién hé téi sy va dap khong nging
ctia cac phan tir khi 1én thanh binh chira n6. Kha ning ciia khi chiém thé tich ciia binh chira nd
chic chian phai lién hé té1 sy tu do trong chuyén dong cua cac phan tir cia nd. Con nhiét do va
ndi ning ctia khi chic chin phai lién hé véi dong ning cua cac phan tir dy. Co 18 chung ta s&
hiéu ra mot cai gi d6 vé chét khi bang cach tiép cin van dé tir huéng nay. Tén chung ta dit
cho sur tiép can phan tir nay la: Thuyét dong hoc chat khi:

+ Chéat khi bao gdm céc phan tir. Kich thudc cta phan tir 13 nho. Trong phan 16n cac
truong hop cé thé bo qua kich thudc ay va coi mdi phan tir nhu mot chét diém.

+ C4c phan tir chuyén dong hdn loan khong ngimg. Nhiét d6 cang cao thi van tdc
chuyén dong hdn loan cang 16n. Chuyén dong hdn loan ctia phén tir goi 1a chuyén dong nhiét.
Do phan tir chuyén dong hdn loan, tai mdi thoi diém, huéng cia van toc phan tir phan bd déu
(theo moi phuong nhu nhau) trong khong gian.

+ Khi chuyén dong, mdi phan tir va cham véi cac phén tir khac va véi thanh binh. Gitra
hai va cham, phan tr gin nhu ty do va chuyén dong thang déu. Khi phan tir ndy va cham véi
phan tir khac, thi ca hai phan tir twong tac, 1am thay doi phuong chuyén dong va van tdc cia
tirng phan tir. Khi va cham véi thanh binh, phén tir bi phan xa va truyén dong luong cho thanh
binh. R4t nhiéu phan tir va cham voi thanh binh tao nén mot luc déy vao thanh binh. Lyc nay
tao ra 4p suat ctia chat khi 18n thanh binh.

Tom lai, ¢6 thé coi gan ding phan tir cta chit khi 14 nhirg chat diém, chuyén dong
hdn loan khong nging, chi tuong tac v6i nhau khi va cham. Chét khi nhu vay goi 1a khi 1y
tuong (theo quan diém céu tric vi md).

3.1.3. Phuwong trinh trang thai khi ly tuwéng

Khi 1y twong 1 chat khi c6 nhirng ddc diém co ban sau day:

Khi 1y tuong gdm mot s6 rat 16n cac phan tir c6 kich thude rat nho (so voi khoang
cach trung binh giita cdc phan tir), cic phén tir chuyén dong hdn loan va khong nging.

Luc twong tac giita cac phén tir chi trir va cham 1a dang ké con thi rat nho c¢6 thé bo

qua.
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Su va cham 13n nhau giita cac phan tir khi hay va cham giita phan tir khi v6i thanh
binh tuén theo quy luat va cham dan hdi (nghia 1a khong hao hut dong ning cua phan ti).

Ta s& nghién ctru mbi lién hé giira cac dai lwong dic trung cho trang thai khi: Ap suét
p, nhiét d6 T, thé tich V ctia mot khdi lwong khi x4c dinh. Cac dai lugng ndy duoc goi la
thong sb trang thai. Chiing khong phai hoan toan doc lap d6i v6i nhau , mbi mot thong sb
trang thai 12 ham s6 cta hai thong s6 kia. Phuong trinh néu 1én méi lién hé giita 3 thong sd
trang thai: Ap suat, nhiét do va thé tich ctia mot khdi lugng khi 1y tuong xac dinh goi la
phuong trinh trang thai khi 1y tudng.

Dbi véi mot kildmol khi (kildmol khi 1a mot khdi khi chita N = 6,023. 10%° phan tu,
nghia 1a c¢6 khdi lwong m = x kg, voi u1a khdi lugng phan tir), Claperdn va Mendéléep da
tim ra dugc phuong trinh sau:

p.V=R.T(4.1)

Trong d6 p, V, T 1a ap suat, thé tich va nhiét d6 cua kilomol khi & mdt trang thai bat
ky, R 14 hang sb goi la hang s khi 1y tuéng.

Dbi vi mot khéi khi co khdi lwong m, néu goi V 1a thé tich cua n thi tir (4.1) ta suy
ra:

oV = RT (4.2)
U

* Gi4 tri ciia hang s6 khi R

Theo dinh luat Avogadro, ¢ nhiét do va ap suét giéng nhau, mdt kildmol cac chit khi
khéac nhau déu chi€ém cung mot thé tich.

Khi T ,=273,16 K (=0°C), po=1,033at =1,013.10° N/m? thi mot kildmol khi chiém thé
tich 1a Vo=22,410m®. Trang thai ndy chung cho moi chit khi goi 14 trang thai tiéu chuén. Vi

trang thai tiéu chuén ta c6:

5 2 3 .
PoVo _ R _1013.10°N /m*.22,410m" / kmol . R=83L10° jun
T, 273,16K kmol.K
. . m°®.at
Néu p do bang atmotphe, thi: R=0,0848. —
kmol.K
Néu xét 1 mol khi véi thé tich do bang m® va &p suét do bang N/m? thi:
R=8,31 "
mol.K

Néu xét 1 mol khi véi thé tich do bang lit va ap suat do bang atmotphe thi:
lit.at

R=0,0848.
mol.K

* Cac dinh ludt cua khi ly twong
Dinh luat Boéilo — Martidt: (Dinh luét vé tinh chit déng nhiét cua khi ly tuong)
Noi dung: Véi mot khéi lwong khi xac dinh, ¢ nhiét ¢ khong doi thi khi thay doi

trang thai ctiia khi tirc 1a lam bién thién &p suat va thé tich cua no, bao gio tich so &p suat voi
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thé tich ciing 14 hang s6. Hay n6 dugc phat biéu ngin gon: Tich sé cua thé tich va ap suét cua
khéi khi 1a mot hing sb.
p.V = const (4.11)
Dinh luat Saclo: Khi thé tich khong d6i thi 4p suét ciia mot khéi lugng khi cho trude
bién thién bac nhit theo nhiét d6 (béch phan). Hay no dwoc phat biéu: Trong qua trinh diang
tich ciia mot khdi khi, ap suat ty 18 voi nhiét do tuyét doi.

P_ const (4.12)
T

Dinh luat Gay — Luytxic: Khi ap suat khong d6i thi thé tich cia mot khéi lugng khi
cho truéc bién thién bac nhat theo nhiét do (bach phan). Hay né dugc phat biéu: Trong qua
trinh ddng ap cta mot khdi khi, thé tich ty 1& v6i nhiét do tuyét doi.

%
T° const (4.13)

3.2. Nguyén ly I nhi¢t dong luc hoc
3.2.1. Cong, nhiét va ndi ning trong qua trinh cin bing

a. Cong ciia dp luc trong qud trinh cén bing

Khao sat qué trinh nén khi trong xilanh c6 pittong. Gia st khdi khi trong xilanh duoc
bién doi theo mot qua trinh can bang, trong d6 thé tich bién ddi tir V1 dén V. Ngoai luc tac
dung 1én pittong 1 F. Khi pittong dich chuyén mot doan 1a dI thi khdi khi nhan duoc cong tir
bén ngoai la:

OA=-F.dl

Vé phai c¢6 dau trir vi khi nén (d1<0) khéi khi thyc sy nhan cong nén SA>0 .

Vi 1a qua trinh cAn bang nén ngoai luc F c6 gia tri luén ludn bang lyc do khéi khi tac
dung 1én pittong. Néu goi p 1a ap suét cua khi 1én pitton va S 1a dién tich cta pittong thi gia tri
ngoai luc F bang: F=p.S

Do d6 ta co: OA=—p.S.dl =—pdV

Trong d6 dV 1 d¢ bién thién thé tich ctia khdi khi tmg véi dich chuyén dl.

Cong ma khdi khi nhan dugc trong qué trinh nén trén 1a:

A:jéA:—vf p.dV
Vi

b. Nhigt trong qud trinh cén bang, nhigt dung
Nhiét dung riéng ¢ cia mdt chét 1a mot dai luong vat 1y, ve tri sb béng luong nhiét
can thiét truyén cho mot don vi khdi luong dé nhi¢t d6 cua n6 tang thém mot do.

c= Q. = 0Q=m.cdT
m.dT

Nhiét dung mol C ciia mot chét 1a dai lugng vat ly ve trj sb béng nhiét lugng can
truyén cho mot mol chat do dé nhiét d§ cua nd tdng mot do.
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C=uc hay Q=" cdT
u

c. Nji néing trong qud trinh cén bing

Tuy theo tinh chét ciia chuyén dong va twong tic ciia cac phan tir cau tao nén vit, ta

c6 thé chia ndi ning thanh cac phan sau dy:

+ Pong ning chuyén dong hdn loan cta cac phan tir (tinh tién va quay).

+ Thé ning gy bai cac luc twong tac phan tir.

+ Pong ning va thé ning chuyén dong dao dong ciia cac nguyén tir trong phan ti.

+ Nang lugng cac voé dién tor cua cac nguyén tir va ion, nang lugng trong hat nhan
nguyén ttr.

Déi v6i khi 1y tuong, ndi ning 1a tong dong ning chuyén dong nhiét ctia cac phan tir
ciu tao nén hé. Vi thé dé xac dinh ndi nidng cua khi 1y tudng, phai di sdu vao ciu tao phan tir
cta khi Iy tuong. Theo quan diém cua thuyét dong hoc phan tir, mot khdi khi 1y tuong 1a mot
hé gdm mot s6 rat 16n cac phan tir gibng nhau, kich thude nhé khong dang ké, khong tuong
tac v6i nhau (trir khi va cham), cac phan tir ndy chuyén dong hdn loan khéng ngirng va néu
khong c6 tac dung bén ngoai thi mat do phan tir khi phan bd dong déu va chuyén dong cua
cac phan tir hoan toan c6 tinh dang hudng.

Céc phan ttr khi trong chuyén dong hdn loan Iudn va cham vao thanh binh. Téng hop
cac luc cua céac phan tu khi tdc dung Ién thanh binh khi va cham tao nén ap luc cua khdi khi
tac dung lén thanh binh.

Nguoi ta chirng minh rang biéu thirc dong ning trung binh ctia phan tir trong trudng

hop téng quat c6 dang:
W = %kBT (4.14)

Trong do hé s6 1 duoc goi la s6 bac tu do cua phan tr, la mot dai luong co6 lién quan
dén céu tao ctia phan tir. Cu thé d6i voi phan tir mot nguyén tir i = 3, v6i phan tir hai nguyén
tri =15, va v4i phan tir cAu tao tir 3 nguyén tir trd 1én i = 6.

Vi cac phan tir khi 1y tudng khong tuong tac nhau nén ndi nang khi 1y tudng bing
tong dong ning cua cac phan tir khi.

Xét mot mol khi 1y tuéng cé n phan tir : Mdi phan tir c6 dong ning trung binh

i
Wd =§kBT

Vay ndi nang cia mot mol khi 1y tudng la:

U= NW_d=%N.kB.T hay U =l2.R.T (4.15)

D6i voi mot khoéi khi 1y tuong o khdi lugng m, ndi ning ciia khdi khi Ay cho boi:

u=""1RT(416)
u 2
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Qua hai biéu thirc trén day cua ndi nang U ta két luan: Noi nang cua mot khéi khi ly
tudng chi phu thudc vao nhiét do cua khéi khi ay.

3.2.2. Nguyén ly I nhiét dong luc hoc

Phat biéu ndi dung nguyén Iy thir nhat: DO bién thién ning lugng toan phin
AW ctia hé trong mot qué trinh bién d6i vi mé c6 gia tri bang tong cua cong A va nhiét Q ma
hé nhan dugc trong qua trinh do. AW = A+Q (4.10)

Gia thiét, co ning ctia hé khong d6i (W, +W, = const ), do d6 theo hé thirc (4.10) thi

AW =AU
Va hé thuc (4.10) tré thanh: AU = A+Q (4.11)
Nghia 1&: Trong mot qué trinh bién doi, do bién thién ndi ning ctia hé c6 gia tri bang
tong cua cong va nhiét ma hé nhan dugc trong qua trinh do.
Trong mot s6 trudng hop, dé tinh toan thuan tién, nguoi ta con dung cac ky hiéu va
phét biéu sau:
+ Néu A va Q 1a c6ng va nhiét ma hé nhan duoc thi A’= -A va Q’= -Q 1 cong va nhiét
ma hé sinh ra.
+ Tir cong thirc (4.11) , co thé viét lai:
Q=AU+ A (4.12)
Va nguyén 1y thir nhit c6 thé phat biéu nhu sau: Nhiét truyén cho hé trong mot qua
trinh ¢6 gid tri bang do bién thién ndi ning ctia hé va cong do hé sinh ra trong qua trinh do.
NéuA>0vaQ >0 thi AU > 0, nghia la khi hé thyc sy nhan cong va nhiét tir bén
ngoai thi ndi ndng ctia hé tang.
NéuA<0vaQ<0thi AU<0, nghia 13 khi hé thuc sy sinh cong va téa nhiét ra bén
ngoai thi ndi nang ctia h¢ giam.
3.2.3. Ung dung nguyén Iy | cho cac qua trinh cin bing

a. Trang thdi cdn bang va QUA trinh cin bang

Dinh nghia: Trang thai can bang cua hé 1a trang thai khong bién doi theo thoi gian va
tinh bat bién d6 khong phu thudc cac qua trinh cia ngoai vat.

Néu hé 1a mdt khdi khi nhat dinh thi mdi trang thai can br:ing cua nd6 duoc xac dinh
bang hai trong ba théng sd p, V, T. Do d6 ngudi ta hiéu trang thai can bang trén do thi
Clapayron (p, V) bang mot diém.

D6i v6i mot hé vi md chi c6 hai cach lam thay doi trang thai can bang: Ngoai vat anh
hudng 1én hé hodc dudi dang trao ddi cdng hodc dudi dang trao ddi nhiét hodc d@)ng thoi ca
hai dang do6.

Qua trinh can bang 1a mot qué trinh bién d6i gdm mot chudi lién tiép cac trang thai

can bang.
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b. Qud trinh ding tich

Qua trinh déng tich 13 qua trinh trong d6 thé tich cua hé khong ddi. Phuong trinh cta
qué trinh dang tich 1a:  V = const.

Trén d thi (p,V) qua trinh déng tich dugc biéu dién bang mot doan thing song song
véi truc Op. Poan (1-2) biéu dién qua trinh ho néng dang tich. p ,
Poan (1-2°) biéu dién qué trinh lam lanh dang tich. Py [T 2

Ta tinh cdng, nhiét ma khéi khi nhan dugc va do bién
thién ndi nang ctia khi trong qué trinh dang tich.

ViV=constdo dodV =0nén tacé:  peemeeemmeeee- X

Vy
A=—_[ pdV =0 o

Vi
Néu nhiét d6 khéi khi lac dau 1a Ty, lac cudi 1a T thi nhiét lwong khdi khi nhan duoc
tinh theo cong thurc:

TZ
m m m
Q=[R="0C, [dT =2.C,.(T,-T,) =~ C, AT (4.13)
p T I

Dbi véi qua trinh dang tich: AU = A+Q=Q (4.14)
Biéu thirc ndy c6 nghia 1a trong qué trinh ding tich nhiét trao d6i dung bang do bién
thi€én nd1 nang cua khong khi.

Ma ta d3 tinh duoc d6 bién thién ndi ning cua khi Iy twong: AU = RAT

i
5

x[3

N

Do @6 ta co: Q= R.AT (4.15)

mi
P

Tir (4.13) (4.14) (4.15) ta tim duoc biéu thirc nhiét dung mol dang tich cua khi 1y
tuong :

C, = ~.R.(4.16)
2
¢. Qua trinh ding dp

D6 14 qua trinh trong d6 ap suat cuia khdi khi khong doi. P = const

Cong ma khdi khi nhan dugc trong qua trinh dang ap la:
\Z

A= —j pdV = p.(v, -V,) (4.18)

Vi

Nhiét ma khdi khi nhan duoc trong qua trinh déng ap la:

TZ
Q=[& =T_cpde D¢, AT @19)
TR A

V6i C, 1a nhiét dung mol dang ap ciia khi.

Theo nguyén Iy thir nhat, do bién thién ndi ning cta khdi khi 1a:
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AU = A+Q = p(V; -V,) +2.C, AT (4.20)
Y2
Vi n6i ning ctia khi 1y tuéng chi phu thuc nhiét do nén trong qua trinh dang ap, do
bién thién ndi ning cua khéi khi nay ciing tinh dugc theo cong thirc:

AU =" L RAT (421
H 2

. m Lo - 2
Tu phuong trinh trang thai ctua khi ly tuong : pV =—.R.T, d0i voi qua trinh dang ap
Y7
ta co:
m m
p(V,-V,)=—R(T, -T,) =——RAT
H M

Thay biéu thirc nay vao (4.20) rdi so sanh véi (4.21) ta duogc:

C =%.R(4.22)

p

Tasuy ra: Co — Cv = R (4.23) day la cong thuc Maye.
. C i
Tysb : Ze oy 142 g 00
C, [

Puoc goi 1a hé sb Poatxong (hay goi 1a chi s6 doan nhiét).

d. Qua trinh ding nhiét

D6 la qua trinh trong d6 nhiét do khong thay d6i (T = const): pV = const (4.25). Hay
la p1Vi=p2Vs
Cong ma khdi khi nhan duoc trong qua trinh dang nhiét la:
vy

A= —j p.dV (4.26)

Vi

Theo phuong trinh trang thai cia khi ly tuéng: p = mlf/_T
u
Vv,
Ta co: A=—T.RT.jd—V=T.RT.|nﬁ(4.27)
H \A V H V2

Duya Vao phuong trinh (4.25) ta con co thé viét: A= E.RT .n Py (4.28)
H P1

Vi ndi ning cua khi 1y tuong chi phu thudc vao nhiét do nén trong qué trinh dang
nhiét, noi nang ciia khdi khi khong doi, nghia la: AU =0
Theo nguyén Iy thir nhat: AU = A+Q

Ta suy ra nhiét ma khdi khi nhan duoc trong qua trinh dang nhiét :

Q=-A="RTInY2 =™ g7 1nPr (420
yz Vi wu P,
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Néu A > 0 thi Q < 0 va nguoc lai, A < 0 thi Q > 0. Vay trong qua trinh nén dang
nhiét, khdi khi nhan cong va toa nhiét, con trong qua trinh giin ding nhiét, khdi khi sinh cong

va nhan nhiét.

€. Quad trinh doan nhiét

D6 13 qua trinh trong d6 hé khong trao d6i nhiét véi bén ngoai: Q = 0 (hay la:
R =0)
Theo nguyén Iy thtr nhét, ta co thé tinh duoc cong va do bién thién ndi ning cta khoi

khi trong qua trinh doan nhiét: AU =A= m .%.R.AT (4.30)
u

Hoac : dU =0A= R.dT

i
5

|3

tir ddy ta c6 thé tim phuong trinh ctia qué trinh doan nhiét.

Ta da biét GA=—p.dV va C, = %.R nén phuong trinh trén duoc viét lai nhu sau:
m
- pdv =—C, .dT (4.31)
7,

Tt phuong trinh trang thai khi 1y tuong, thay vao phuong trinh (4.31) ta duoc:

- RT.d—V =C, .dT
Vv
Hay: d—T+id—V =0(4.32)
T C, V
Biét R = Ce -G =y -1(4.33)
Cy Cy

Tich phan 2 vé phuong trinh (4.32), ta co:
INT +(y —1).InV = const
Hay: In(TV7™") = const
Do d6: TV”™ =const (4.34)
Phuong trinh nay cho ta mbi lién hé T va Vv trong qué trinh doan nhiét. Moi lién hé
gilta p va V ¢0 thé tim dugc bang cach thay T tir phuong trinh trang thai khi ly tudng vao
phuong trinh (4.34), ta duoc: pV 7 = const (4.35)

Néu thay V tir phuong trinh trang thai khi 1y tudng vao (4.35) ta dugc mdi lién hé
1y

gitta T va p trong qua trinh doan nhiét: T. p7 = const (4.36)

Trong qua trinh doan nhiét JQ =0, do bién thién ndi ning dung bang cong ma khdi
khi nhan vao. Khi nén doan nhiét: 5A> 0 thi dU >0, do d6 dT > 0 nghia la nhiét d6 cta khoi
khi tang 1én, vi vay duong doan nhiét di 1én nhanh hon dudng ding nhiét. Con khi gidn doan
nhiét SA<0, do d6 dU <0 va dT < 0, vi vay nhiét do cua khéi khi giam va duong doan
nhiét di xuéng nhanh hon dudng déng nhiét. Két qua 1a trén dd thi (p, V), duong doan nhiét
ddc hon dudng dang nhiét.
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3.3. Nguyén ly Il nhiét dong hoc
3.3.1. Cac han ché ciia nguyén Iy | nhiét dong luc hoc

Noi dung ciia nguyén 1y I 1a dinh luat bao toan va bién ddi ning luong. T4t ca cac
qué trinh vi md trong ty nhién déu phai tuén theo nguyén 1y thir nhat. Nhung nguoc lai, mot
qua trinh vi mo pht hop v6i nguyén 1y thir nhat c6 thé van khong xay ra trong thuc té.

Nguyén 1y thir nhat khong cho ta biét chiéu dién bién ctia qua trinh thuc té xay ra. ..

Nguyén 1y tht nhat néu 1én sy khac nhau trong qua trinh chuyén héa giira cong va
nhiét. Theo nguyén 1y thir nhat, cong va nhiét tuong dwong nhau va c6 thé chuyén hoéa lan
nhau, nhung thyc té chi ra & rang cong c6 thé bién hoan toan thanh nhiét nhung nguoc lai
nhiét chi c6 thé bién mot phan ma khong thé bién hoan toan thanh cong dugc.

Nguyén 1y thir nhat cling khong dé cap t6i van dé chat lugng ciia nhiét. Trong thuc té
nhiét lugng Q ldy & moi trudong c6 nhiét d6 cao c6 chat lwong cao hon nhiét lugng dé 1y &
mbi truong cd nhiét do thap hon.

Néu chi dwa vao nguyén Iy thir nhét, s& c6 nhiéu vin dé thuc té khong giai quyét
dugc. Nguyén 1y thir 2 ctia nhiét dong hoc s& khac phuc nhitng han ché trén day cua nguyén 1y
thi nhat va ciing v6i né tao thanh mot hé thong 1y luan chit ché 1am co so cho viéc nghién
ctru cac hién tuong nhiét.

3.3.2. Bong co nhiét

a. Dong co nhiét

Nguyén tic hoat dong cua dong co nhiét la bién nhiét thanh cong co ich. Vi du nhu
may hoi nudc, dong co dbt trong, . . .

DPong co gdbm 3 bd phan chinh 1a ngudn néng, ngudn lanh, bd phan sinh cong.Trong
cac dong co nhiét, chét van chuyén (hoi nuoc, khi....) bién nhiét thanh cong goi la tac nhan.
Céc vat trao ddi nhiét véi tac nhan goi la nguén nhiét.

Nguyén 1y hoat dong: Tac nhan nhan nhiét tir ngudn néng, dan dén bd phan sinh cong
nd dan nd sinh cong, lugng nhiét thira dan dén nguén lanh.

Hiéu suat: Gia str sau khi tac nhan thyuc hién mot chu trinh, noé nhan nhiét luong Q1(T1)
ctia ngudn noéng, nha nhiét luong Q’»(T2)cho ngudn lanh va sinh cong A’. Hiéu suit cua dong
co nhi¢ 1a: n= A

Q

Theo nguyén 1y 1, trong mdt chu trinh d6 bién thién ndi ning cua tac nhan bang
khong.

AU =0=-A+Q -Q,=0=A=Q,-Q,

Hiéu sudt con dugc tinh béi biéu thirc: 77 = % =1- % (5.56)
1 1
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b.May lanh

Trong may lanh tic nhan hoat dong theo chu trinh ngugc chiéu kim dong hd . Tac
nhan nhan cong A dé nhan nhiét Q; tir ngudn lanh T, va toa nhiét Q ; cho ngudn ndng Tj.

Hiéu suét may lanh dugc dinh nghia :

_[Q]
k= |A| (5.57)
Véi: |A] =1Q4] -] Q2]
. Q.|
Vay : k=<2l (5.58)
Y ‘Ql‘_|Q2|

Néu may lanh khong nhan cong ( A = 0 ) ma nhan mot nhiét lwong | Q2 | tir ngudn
lanh T, va toa cho ngudn noéng T; mdt nhiét lwong | Q1] = | Q2| duoc goi 1a may lanh li
tudng . May lanh 1i tuong c6 hiéu sudt k bang vo cing .Mdy lanh li twong khong vi pham
nguyén li thir nhat nhiét dong hoc .

3.3.3. Nguyén ly Il nhiét dong luwc hoc
a. Nguyén ly II nhiét dong lwc hoc

Déi véi dong co nhiét, khi tdc nhan thuc hién mét chu trinh thi né s€ sinh cong. Theo
nguyén 1y thir nhit nhiét dong luc hoc, dé sinh céng A trong chu trinh, tac nhan phai dung
mdt nhiét lugng:

Q=A. (4.37)

Nhung nguyén 1y thir nhat khong giai quyét duoc van dé dit ra trong thuce té 1 ¢6 phai
toan bg nhiét lugng Q; ma tdc nhan nhan ctia ngoai vat trong chu trinh da dugc dung dé sinh
cdng A hay khéng? Trong thuc té, nhitng dong
co duoc ché tao khong thé st dung toan bo P
nhi¢t lwong Q; ma ndé nhan ctia mdt nguén
nhiét ndo d6 dé bién thanh céng A dugc ma

bao gid ciing phai truyén cho mot ngudn nhiét

ther hai mot ph'?ln nhi¢t luong Q2 ma nod da

nhan cua ngudn thir nhat, nghia la
Q=Q1- Q2 =A(4.38)
Toéng quat hoa tit ca nhiing kinh

Tz

nghi¢ém va nhiing quan sat thu dugc trong thuc

nghiém nguoi ta da xay dung nén mdt nguyén . " " v v
Iy méi doc 1ap voi nguyén 1y thor nhat nhiét Hink 4 = 4: Chu trinh Céc - nd
dong luc hoc. Do 1a nguyén ly thtr hai c6 ndi dung dinh tinh nhu sau:

Khoéng thé thuc hién dugc mot chu trinh sao cho két qua duy nhét cua nd 1a tic nhan
sinh cong do nhiét 1iy tir mot ngudn.

Mbt cach ngan gon hon ta co thé phat biéu nguyén 1y thir 2 nhu sau: Khong thé thuc
hién dugc dong co vinh ctru loai 2.
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Hodic ta ciing c¢6 thé phat biéu ndi dung ciia nguyén Iy thir 2 theo 2 cach sau day:

* Phat biéu ciia Claodiut: Nhiét khong thé ty dong truyén tir vat lanh sang vat nong
hon(ttrc 13 khong thé thyc hién duoc mot qua trinh ma két qua duy nhit 13 truyén ning luong
dudi dang nhiét tir vat lanh hon sang vat néng hon).

* Phat biéu ctia TOmMxon: Khéng thé ché tao duoc mot may hoat dong tudn hoan
bién d6i lién tuc nhiét thanh céng nho 1am lanh mot vat va xung quanh khong chiu mot su
thay doi dong thoi nao.

b. Chu trinh Cac-né. Pinh Iy Cac — nd

* Chu trinh Cac-nd (thuéin nghich)

D6 1a chu trinh gdm hai qua trinh dang nhiét thuan nghich va hai qué trinh doan nhiét
thuan nghich.

Hinh 4-4 biéu dién chu trinh Céc- nd thuan nghich theo chiéu thun, goi tat Ia chu
trinh Cac — nd thuan.

Ta c6 thé hinh dung cach thyc hién chu trinh CAc — nd nhu sau: C6 mot khdi luong
khi 1y tuéng dung trong mét xy lanh c6 pittong dong kin. Thanh xung quanh xy lanh va
pittong duoc 1am bang chit hoan toan cach nhiét. O day xy lanh c6 mdt nip ciing lam bang
chat hoan toan cach nhiét, khi kéo nip ra thi khi trong xy lanh dugc tiép xtic voi ngudn nhiét,
khi ddy nip vao thi khi trong xy lanh duoc ngin cach véi ngudn nhiét.

Gia st luc dau day xy lanh duoc dat tiép xuc v6i ngudn nong c6 nhiét 6 Ty va lic
ay cac thong sd trang thai ctia khdi lwgng khi 1y tuong dung trong xy lanh 14 p1, Vi, T1 (cht
khi & trang thai 1). Ngudn néng T truyén cho chét khi nhiét lugng Q theo qué trinh dang
nhiét (1- 2), chat khi thuc hién cong A; = Q; (theo nguyén Iy thir nhit). Dén trang thai 2 Gng
v6i p2, V2, Ty ta ddy nip ddy vao va sau d6 dé chat khi gidn doan nhiét tir trang thai (2) dén
trang thai (3) tng voi p3,Va, T2 (Qué trinh 2-3). Khi chit khi dén trang thai 3, ta kéo nip day ra
dé cho khi tiép xuc voi nguén lanh c¢6 nhiét d§ T, va sau d6 nén déng nhiét chét khi tir trang
thai (3) vé trang thai (4) tng v&i ps,Va,To. Trong qua trinh nay, chat khi truyén cho ngudn
lanh nhiét lugng Q2 va nhan cong nén A, = Q,(theo nguyén Iy thir nhat). Qua trinh nay dugc
biéu thi boi doan cong 3 — 4.

Cubi cung khi chit khi dén trang thai 4, ta lai ¢y nap ddy vao va sau d6 nén doan
nhiét chat khi tir trang thai (4) vé trang thai (1).

, ) T
Hiéu suat cua chu trinh Cac — nd dugc tinh theo cong thuc 177 =1— _I_—2 (4.39)
1

Hiéu suét ciia chu trinh C4c — nd thuan nghich d6i v6i khi 1y tudng chi phu thudc vao
nhiét 6 ctia ngudn ndng va ngudn lanh.
* Pinh ly Cac - no

Tir nguyén 1y thir 2 , ta ¢6 thé ching minh dwgc dinh 1y Cac — nd nhu sau: Hiéu suat

clia tat ca cac dong co thuan nghich, chay theo chu trinh C4c — nd véi cuing ngudn néng va

42



ngudn lanh, déu bang nhau va khong phu thudc vao tac nhan ciing nhu cach ché tao may.
Hiéu suit cua dong co khong thuan nghich thi nho hon hiéu suét cua dong co thuan nghich.
Dbi v6i cac dong co chay theo chu trinh CAc — nd thuan nghich, ¢6 nhiét d6 ngudn
néng va nguén lanh nhu nhau, néu biét hiéu suét cua mot dong co nao do thi ta co thé xac
dinh duoc hiéu suét cta bat ky mdt dong co nao khéac. Hi¢u suét cta chu trinh Céc — nd thuan
nghich d6i v6i bat ky tac nhan nao :
T
n =1--2(4.40)
Tl
Hiéu suét cta chu trinh Cac — nd khong thuan nghich bé hon hiéu suét cia dong co
chay theo chu trinh Cac — n6 thuan nghich.
T
n<l- _l_—2 (4.41)

1

Tong quét, hiéu suat ctia chu trinh Cac — nd :

T
n<1--%(4.42)
Tl

Trong d6 : D4u = tng véi chu trinh CAc — nd thuan nghich , con du < thi Gmg véi
chu trinh Cac — n6 khong thuan nghich.

Ta chirng minh dugc rﬁng, hiéu sut cua chu trinh thuin nghich bat ky thuc hién gitra
cac nguén nhiét c6 nhiét dd cuc tri 1a Tmax V& Tmin bao gio cling nhé hon hiéu suét cua chu
trinh C4c — n6 thuan nghich thyc hién gitra hai ngudn nhiét c6 nhiét do cuc tri do:

T, T
M batky <Mwncacno = 1- T_ =1- Tmm (443)
1 max

Nhan xét :  Nhiét khong thé bién hoan toan thanh cong.

Hiéu suat cua dong co nhiét cang 16n néu nhiét d6 ngudn noéng (T1) cang cao va nhiét
d6 ngudn lanh (T2) cang thap. Tir d6 suy ra, nhiét luong lay tir vat co nhiét do cao c6 chét
lugng cao hon nhiét lugng léy tir vat c6 nhiét do thép hon.

Mudn tang hiéu suét cia dong co nhiét thi ngoai cach lam noéi trén con phai ché tao
sao cho dong co nay cang gan dong co thuan nghich. Mudn vay, phai tranh méat mat nhiét

nhan tr nguoén ndng do truyen nhiét va ma sat.

C. Biéu thirc dinh lwong ciia nguyén 1y thiv 2

Tir biéu thire hiéu sudt ciia dong co nhiét thuan nghich chay theo chu trinh Céc-nd, ta

co:

T :
2= Q (4.44)
T Q

Hiéu suét ctia dong co nhiét : n= Ql(;—QZ =1- % (4.46)

1 1
IUN A 5 3\ . A 1A ) T2
Hiéu suat cua chu trinh Cac —nd bat ky : n <1——=(4.45)

Tl
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Ql _QZ < Tl _T2 (447)

Vay :
Q T

Tir (4.47) tasuyra : Q5 To (448
Q T

Trong d6 Q, 1a nhiét ma hé (tac nhan) nha cho ngudn lanh. Néu goi Q, la nhi¢t ma
hé nhan ctia ngudn lanh thi Q, = —Q,. Thay vao phuong trinh trén, chuyén vé ta duoc :
Q9 4 (a49)
Tl T2
Hé thirc nay duoc thiét 1ap ddi voi hé bién d6i theo mot chu trinh gom hai qué trinh
dang nhiét va hai qua trinh doan nhiét. Trong trudng hop tong quat hon, gia thiét hé bién doi
theo mot chu trinh gdm vo s6 qua trinh didng nhiét va qué trinh doan nhiét ké tiép nhau : Cac
qua trinh dang nhiét 1an luot tuong Gng v6i nhiét T, T2, Ts...Ti... clia cdc ngudn nhiét bén
ngoai va voi nhiét luong Q1,Qz,...,Qi... ma hé nhan duoc tir bén ngoai . Khi do, ta c¢6 thé suy
rong hé thuc (4.49) 1a :
Z& <0 (4.50)
T T
Néu trong chu trinh ctia hé bién thién lién tuc, ta c6 thé coi hé tiép xuc lan luot voi vo
sd ngudn nhiét c6 nhiét T v6 cing gan nhau va bién thién lién tuc, mdi qua trinh tiép xtc véi
mot ngudn nhiét 13 qua trinh vi phan trong d6 hé nhan nhiét &Q . Phép cong trong phuong

trinh (4.50) s€ tro thanh mdt phép tich phan :
R
—<0(4.51
= <o0w@sy R
Déu ‘=" tng v6i chu trinh thuan nghich , ddu < tmg véi
chu trinh khong thuan nghich.

d. Nguyén ly tang entropi
* Ham entropi
Theo (4.51), khi mot hé bién dbi theo mdt chu trinh

thuan nghich thi :

2

Ta xét mot hé bién ddi tir trang thai (1) dén trang thai (2) theo hai qué trinh thuan
nghich khac nhau 1a2 va 1b2. Vi 1b2 1a thuan nghich nén ta cé thé cho tién hanh theo qua
trinh ngugc lai 2bl qua nhitng trang thai trung gian nhu cii. Két quéa ta ¢6 chu trinh thuan
nghich 1a2b1. Ap dung hé thirc trén cho chu trinh d6 ta c6 : f x =0

la2bl
N R RN =R N _ R

Hay : —+ | —==0= | —+ =0= | —=| — (452

iR Reos [R[TR0o [ R [ Ry

la2 2bl la2 1b2 la2 1b2
Nhur thé nghia 1a tich phan I? theo cac qua trinh thuan nghich tir trang thai (1) dén

trang thai (2) khong phu thudc qua trinh ma chi phu thudc trang thai dau va trang thai cudi.
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Ta dinh nghia : Ham trang thai S cua hé sao cho bién thién cua s tir (1) dén (2) c6 gia

tri bang tich phan @ tir (1) dn (2) theo mdt qua trinh thuan nghich nao do :
g p T q g

(2)
AS=S,-5, :j(l) ?(4.53)

Ham S d6 goi 1a ham entropi ctia hé. Theo phuong trinh trén, vi phan ciia ham S cho
bdi:

_R
ds =~ (4.54)

Tinh chit cia ham entropi S ciing tuong tu nhu tinh chét cta ndi ning :
- Ham entropi S 1a mot ham trang thai nghia 1a & mdi trang thai cua hé, n6 c6 mot gi tri
xac dinh va né khong phu thudc vao qua trinh ctia hé tur trang thai nay qua trang thai khac.
- Ham entropi S 1a mot dai lwong c6 tinh cdng duoc nghia 1a entropi cua mot hé can
bang bang tong cac entropi cua ting phan riéng biét.

- Entropi duoc xac dinh sai kém mot hing sd cong:
X

S=S,+|=(4.55

o+ [ (455)

Trong do: S 1a gia tri entropi tai gbc tinh toan, ngudi ta quy udc So = 0 & trang thai
c6 t=0K. Khi d6 S s€ don tri. Pon vi cta S trong hé SI la: Jun trén Kelvin (J/K)
Nho ¢6 ham trang thai entropi, ta c6 thé viét biéu thirc dinh lwong cua nguyén 1y thi

hai dudi mét dang khac:

Q
ds > = (4.56)

* Nguyén ly tang entropi
Biéu thuc (4.56) dung cho moi hé du 1a ¢6 1ap hay khong c6 1ap. Ddi v6i hé khong co
lap thi tuy theo diu va gia tri cia nhiét nhan vao trong mét qua trinh thuan nghich AS cé thé
c6 gia tri dwong hodc 4m hodc bing khong nghia 1a entropi ctia hé c6 thé ting hodc giam hoic
khong doi.
Nhung d6i v6i hé ¢o lap, vi khong trao ddi nhiét véi bén ngoai nén &Q =0, do d6 do
bién thién entropi ctia nd bang:
AS >0 (4.57)
Nhu vay, trong mot h¢ co6 1ap, qué trinh dién bién néu 1a thuan nghich thi entropi cta
h¢ khong d61 AS =0, va néu la khong thuén nghich thi entropi tang 1én:
AS > 0(4.58)
Trong thyc té, cac qué trinh nhiét dong déu 1a khong thuan nghich nén ta c6 nguyén ly ting
entropi:
Vi qua trinh nhi¢t dong thuc té xay ra trong mdt hé cd 1ap, entropi cua h¢ luon ludn
tang (nghia 1a mot hé c6 lap khong thé hai 1an di qua cing mot trang thai).
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Ldc hé & trang thai can bang rdi thi qua trinh khong thuan nghich ciing két thic, luc
do6 entropi khong tang nita va nd dat gia tri cyc dai. Ta di dén két luan: Mot hé & trang thai can
bang lc entropi ctia nd cuc dai.
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BAI TAP
Bai 1: Mot khdi khi nito ¢6 thé tich 8,3 lit, ap sudt 15at va nhiét d6 27°C.
a. Tinh khdi lwong ctia khdi khi d6.
b. Ho néng ding tich khdi khi d6 dén nhiét d6 127°C. Hay tinh ap suat cua khdi khi sau khi
ho nong?
(a. M =0,137kg; b. p, = 20at)
Bai 2: C6 40g khi oxy chiém thé tich 3 lit 4p suat 10at.
a. Tinh nhiét d6 cta khoi khi.
b. Cho khéi khi gidn né dang ap dén thé tich 4 lit. Hoi nhiét do ctia khdi khi sau khi gidn no?
(a. 283K; b. 377,3K)
Bai 3: C6 10g khi hydro & 4p suat 8,2at dung trong mdt binh c6 thé tich 20 lit.
a. Tinh nhiét d6 cta khoi khi.
b. Ho nong dang tich khéi khi nay dén khi 4p suét ctia no bang 9at. Tinh nhiét do cta khoi khi
sau khi ho nong.
(a. 387K; b. 425K)
Bai 4: 3lit oxi & 20°C duéi ap suat 3atm va 3 lit CO, ¢ 50°C duéi ap suat 2atm duogc tron 1an
v6i nhau trong mot binh c¢6 dung tich 5 lit & 40°C. Tinh ap suét va khoi lugng mol ciia hdn
hop.
(p = 3,1 atm; « = 36,8 kg/kmol)

Bai 5: C6 12g khi chiém th¢ tich 4 lit ¢ nhiét do 7°C. Sau khi ho néng déng ap, khoi lugng
riéng cua né bang 6.10“g/cm®. Tim nhiét d6 ciia khdi khi sau khi ho nong? (T2 = 1400K)

Bai 6: C6 6,5g hidro & nhiét d6 27°C gidn ra gip d6i thé tich cii trong diéu kién ap suat khong
d6i nho nhan nhiét tir ngoai. Tinh:
a. Cong ma khi thuc hi¢n khi gian ra.
b. Do bién thién noi nang cua khi.
c. Nhiét luvong da truyén cho khi.
(a. A= 8,1.10°J; b. AU = 20,2.10%J; c. Q = 28,3.10%))
Bai 7: 2m? khi gidn nd déng nhiét tir 4p suét 5at dén 4p suét 4at. Tinh cong do khi sinh ra va
nhiét lwong cung cap cho khi trong qua trinh giin nd?
(2,2.10%))
Bai 8: 1kg khong khi & nhiét d6 30°C va 4p suit 1,5at duoc gidn doan nhiét dén 4p suit lat.
Hoi:
a. Thé tich khong khi tdng 1én bao nhiéu 1an?
b. Nhiét do cua khong khi sau khi gian?
c. Cong do khong khi sinh ra khi gidn né?
(a. 1,33; b. 270K; c. 2,3.10%)
Bai 9: C6 160 g khi 6xy dugc nung nong tir nhiét do 50°C dén 60°C. Tim nhiét lugng ma khi

nhan dugc trong hai qué trinh:

a. Pang tich.

b. Pang ap.

Bai 10: Mot binh kin chira 14g khi nito & ap suat lat va nhiét d6 27°C. Sau khi ho ndng, ap
suat trong binh 1én t&i Sat. Hoi:

a. Nhiét dg cua khi sau khi ho néng?

b. Thé tich cta binh?

c. bg tang no6i ndng cua khi?

Bai 11: Mot dong co nhiét lam viéc theo chu trinh Cécnd, c6 cong suit P = 73600W. Nhiét do
ciia nguon nong 1a 100°C, nhiét d6 cua nguon lanh 1a 0°C. Tinh:
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a. Hiéu suit cta dong co.
b. Nhiét lwong ma tac nhan nhan duoc cua nguén nong trong 1 phut.
c. Nhiét lugng ma tac nhan nha cho ngudn lanh trong 1 phut.
(a. 27%; b. 16470kJ; c. 12054kJ)
Bai 12: Khi thuc hién chu trinh Cacnd, khi nhan dugc nhiét lugng 10Kcal tur nguén néng va
thuc hién cong 15kJ. Nhiét do cua nguén néng 1a 100°C. Tinh nhiét do nguén lanh?
(239,3K)
Bai 13: Nhiét do ctia hoi nuéce tir 10 hoi vao may hoi nuéce la t; = 227°C, nhiét dd cta binh
ngung 13 t, = 27°C. Hoi khi ton mot nhiét lwong Q = 1kcal thi ta thu duoc mot cong cuc dai
theo 1y thuyét 14 bao nhiéu?
(1,7kJ)
Bai 14: Mot may hoi nudc c6 cong suat 14,7W, tiéu thu 8,1kg than trong mot gid. Nang suét
tda nhiét ciia than 1a 7800cal/kg. Nhiét do cua ngudn nong 1a 200°C nhiét d6 ngudn lanh 1a
58°C. Tim hiéu suat thuc té cia may. So sanh hiéu suat d6 v6i hiéu suét Iy tuong cia may
nhiét lam viéc theo chu trinh Cacnd véi nhitng ngudn nhiét ké trén.

2
(" :§77|t )
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Chuong 4: Truwong Dién T
4.1. Pién trudng tinh
4.1.1. Pinh luat Culong

a. Dién tich

Trong tu nhién chi c6 hai loai dién tich: dién tich dwong va dién tich 4am. Dién tich
nguyén t6 1a dién tich nho nhat da duogc biét trong tu nhién, c¢6 do 1on bang e = 1,6. 10°C.

Proton va electron déu c6 trong thanh phan céu tao nguyén tir ciia moi chét. Proton
nam trong hat nhan nguyén tir, con céac electron chuyén dong xung quanh hat nhan do.

Tong dai sd cac dién tich trong mot nguyén tir bang khong, khi d6 ta néi nguyén tir
trung hoa dién. Néu nguyén tir mat di mot hodc nhiéu electron , nguyén tir sé trd thanh mot
phan tir mang dién tich duong va goi 1a ion duong. Nguoc lai , néu nguyén tir nhan thém
electron thi dugc goi la ion am.

binh luat bao toan dién tich: cac dién tich khong tu sinh ra ma cling khong tu mat di,
chung chi co thé truyén tr vat nay sang vat khac hoac dich chuyén bén trong mdt vat ma thoi.
NGi mot cach khac: tong dai sé cac dién tich trong mot hé co 1ap 1a khong doi.

b. Dinh ludt Cu - 16ng

Thyc nghiém chung to cac dién tich ludn luon tuong tadc vdi nhau: cac dién tich cung
dau day nhau, cac dién tich khac ddu hut nhau. Tuong tac gitra cac dién tich ding yén goi la
tuong tac tinh dién.

Pinh luat Cu — léng trong

chéan khong: F, = Fy

Gid st c6 hai dién tich a0 w0
diém q1, Oz dat trong chan khong va _ .
cach nhau mot khoang r. Luc tuwong P . o . i
tc tinh dién gitta hai dién tich diém B0 e
c6 phuong nam trén dudng thing 7 P
ndi hai dién tich, c6 chiéu nhu hinh PR . DI
v&: hai dién tich cung dau thi day T

n -

nhau, hai dién tich khac d4u thi hut
nhau, c6 dg 16n ty 1€ thudn vdéi tich s6 d0 16n cua hai dién tich va ty 1€ nghich véi binh

phuong khoang cach gitra hai di¢n tich do.

Rk bl

N %))
- q,q, r
Foo =k ig2 2

Trong do:

+Q1, g2 1a gia tri dai s6 cua hai dién tich.
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+ F—l(; la lyc tac dung cua dién tich g2 1€n dién tich qa, F_zo’ 1a lyc tac dung cua dién tich
g1 1én qy.

+ E; la ban kinh vecto hudng tir dién tich q; tdi dién tich qp, a la ban kinh vecto
hudng tu dién tich q téi dién tich qs.

N.m?
CZ

1
e

+ g, la hang sb dién, &, =8,86.10"2C?/N.m?

+k1a hé so ty 1¢ . Trong hé SI, k = =9.10°.

Dinh luat Cu — 16ng trong cac mdi trudng : biéu thirc vecto cua dinh luat Cu — 16ng
trong moi truong s€ cé dang :

F_lo’ —k 0,.d, _ I

o 2t
er T (52
- Ch-qz r21
F,o =k 12 T
20 er?’r

Véi ¢ 1a mot dai luong khong c6 thir nguyén dic trung cho tinh chit dién ciia moi trudng va

duoc goi 1a do tham dién moi ty ddi (hay hang sb dién méi) ctia moi truong.

4.1.2. Dién truong
a. Khai ni¢m

Nhu ta da biét, cac dién tich twong tic v6i nhau ngay ca khi ching cich nhau mot
khoang r nao d6 trong chan khéng. Vay luc twong tic giita cac dién tich dwoc truyén di nhu
thé nao? C6 su tham gia ctia moi truong xung quanh hay khong? Khi chi c6 mot dién tich thi
khong gian bao quanh dién tich d6 co gi thay d6i? Khoa hoc hién dai dd xac nhan: trong
khong gian bao quanh mdi dién tich c6 xuét hién mot dang dac biét cua vat chét goi la dién
truong. Chinh nho dién trudng 1am nhén t6 trung gian, luc twong tac tinh dién duogc truyén
dan tir dién tich nay to1 dién tich kia, nghia 1a truyén di v&i van tdc hitu han. Mot tinh chit co

ban cua dién truong la moi dién tich dat trong di€n truong déu bj dién truong do tac dung luc.

b.Vecto cwong dp dién truwong

Gia su ta dat mot dién tich qo tai mot diém m nao do trong dién truong, dién tich nay
phai c6 gia tri di nho dé nd khong lam thay ddi dién truong ma ta dang xét (goi 1a dién tich
thtr). Nhu ta da biét, dién tich qo s€ bi dién truong tac dung mot luc F . Thuc nghiém ching

5 5 A E A A \ LN s \ 5 A \ . r o s A ~
to ty s0 — khong phu thudc vao dién tich qop ma chi phu thudc vao vi tri cua diem M, nghia
0
14, tai mdi diém xac dinh trong di€n trudng, ty s6:
FE —
— =const (5.3)
o

—

E

Vecto E dugc goi la vecto cuong d dién truong, do 16n E cia nd duge goi 1a cuong
do dién truong.
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Vecto cuong do dién truong tai mot diém 12 mot dai luong co tri vecto béng Iuc tac
dung cua di¢n truong 1én mot don vi dién tich duwong dat tai diém do.

Vecto cudng d6 dién truong giy ra bai mot dién tich diém:

Xét mot dién tich diém co gia tri dai sb 14 q. Tai khong gian bao quanh dién tich s&
xuét hién dién truong. Ta hay xac dinh vecto cuong do di¢n truong E tai mot diém M céch
dién tich @ mot khoang r. Mudn vay, ta tudng tuong dit mot dién tich diém qo tai diém M do.

Luc tac dung cua dién tich q 1én dién tich qo bang:

I_:' _ 1 qq, r
= —
Are, r” r

V6i r 13 ban kinh vecto huéng tir dién tich q téi diém m.
Dua vao dinh nghia, ta xac dinh dugc vecto cuong do dién truong E gay ra boi dién
tich diém q tai diém M:
- F 1 q

p
E=_ =~ 2 (54
d, 4me, &r? r( )

+ Néu q > 0 thi E donéb gay ra s€ cung hudng voi ban kinh vecto r nghia 1a E hudng
ra xa dién tich q.

+ Néu q < 0 thi E do n6 gay ra s€ nguoc hudng véi ban kinh vecto r nghia la E
hudng vao dién tich q.

4.1.3. Nang luwgng dién trwong
£-E.S

Xét mot tu dién phang, dién dung C cho boi: C = (5.51)
. £.S
Nang luong tu dién c6 thé viét: W = % %).u

Nhung U = E.d v6i E 1a cuong d6 dién truong gitra hai ban, vay:

W = (%.go.g.EZ).(Sd) (5.52)

Trong d6, S.d= AV = thé tich khong gian giita hai ban = thé tich khong gian dién
truong. Ngudi ta quan niém rang ning luong tu dién tich dién thuc chat 1a ning luong cua
dién truong tdn tai gitra hai ban tu dién.

Nang lugng dinh xtr trong mdt don vi thé tich cua khong gian di¢n truong , con duoc

goi la mat do nang luong dién truong, cho boi: w, = XV—V = %.50 £.E?(5.53)

Két qua nay thu dugc dbi voi dién truong déu trong khoang khong gian giita hai ban
tu dién nhung van dang ddi voi mot dién truong bat ky.
Két luin:
- Dién truong mang nang luong: nang lugng nay dinh xur trong khong gian dién truong.

- Mat d6 nang lugng dién trudong tai mot diém la:
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2
w :3.go.g.E2 :1. D :E.ED (5.54)
2 2 2

e
Eo-E

Do d6 ning lugng dién trudng dinh xi trong mot thé tich hiru han V 1a:
W = j w,.dV (5.55)
\Y

4.2. Tur truwdng tinh
4.2.1. Tir trudng

a. Khdi ni¢m

Thi nghiém chirng to hai thanh nam cham c6 thé hut nhau hodc day nhau, tuy theo
cac cuc dit gan nhau ciia ching ¢ cung tén hay khac tén. Cac thanh nam cham lai c6 thé hut
dugc cac vun sat. Vi 1y do d6 nguoi ta ndi ring nam chdm c6 tir tinh, va goi twong tac giita
cac nam cham la tuong tac tur.

Thi nghiém ciing chimng t6, dong dién ciing c¢é tir tinh nhu nam cham. Vi thé , tuong
tac gitra cac dong dién ciing dugc goi la tuong tac tu.

b. Vecto cam wng tir va vecto cwong do tir truong

Dong dién 1am cho tinh chat cta khong gian xung quanh nd bi bién d6i. Cuy thé 1a bat
ky dong dién nao ciing déu giy ra xung quanh né mot tir trudong. Tir trudng thé hién & chd 1a
néu dat mot dong dién khéc trong khong gian ctia nd, thi dong di¢n nay s€ bi mdt tur lyc tac
dung. Tuy nhién, tr truong cia mot dong di€n luén luon ton tai, du ta khong dat mét dong
dién khac trong khong gian cua tir trudng d6 dé quan sat twong tac tur.

Chinh thong qua tir truong ma tir luc duoc truyén di tir dong dién nay toi dong dién
khac. Van tdc truyén twong tac 1a hiru han va bang van tdc anh sang trong chin khong.

* Vecto' cam tng tir : Tir dinh luat tvong tac gitra hai phan tr dong dién :

GF = Mot IO.EA(IJAF)
Arr re

Mol ldl AT

4r =~ r®

I.dl sinh ra tir truong va vao vi tri cia diém M tai d6 dat phan tir dong dién I,.dl, makhong

Ta nhén thiy vecto : dB = (5.8) chi phu thudc vao phan tr dong dién

phu thudc vao phﬁn tir dong dién Io.d_lo’ chiu tac dung cua tu truong dang xét. Vi vay, vecto
dB duoc goi la vecto cam ung tir do phén tir dong dién | dl sinhra tai diém M.

Biéu thuc (5.8) goi la dinh ludt Bio-Xava-Laplatx. Dinh luat nay dugc phat biéu cu
thé nhu sau : Vecto cam ung tir dB do mot phan tir dong dién 1.di gdy ra tai diém M, cach
phéan tir mot khoang r 1a mot vecto co:

- Gc tai diém M.
- Phuong vudng gbc v6i mit phing chira phan tir dong dién | dl va diém M .

- Chiéu sao cho ba vecto JF va dB theo thir tu nay hop thanh mét tam dién thuan.
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Chiéu ciia vecto dB ciing c¢6 thé duoc xac dinh bing quy tic vin nut chai : dit cai vin
nut chai theo phwong cua dong dién, néu quay cho vin nut chai tién theo chiéu dong dién thi
chiéu quay ciia ci van nut chai tai diém m sé& Ia chiéu cua vecto cam tng tir tai diém do.

- B9 16n dB dugc xéc dinh boi cong thirc :

4B = HoH Idl.sin@ (5.9)

4 r?
* Vecto cwong do tir trwong : Theo cong thirc (5.8) , vecto cam tng tur do dong dién gay ra
phu thudc do6 tir thim g clia moi truong. Vi vy, néu ta di tir moi truong niy sang mdi truong
khac thi cung v6i do tir tham ty d6i M, vecto cam ung tur B s& bién dbi mot cach dot ngot.

Vi [€ do, ngoai vecto cam ung tor B ngudi ta con dua ra vecto cuong do tur truong H .

Vecto cuong do tur truong H tai

mot diém M trong tir truong 1 mot vecto n

bang ty s0 gilta vecto cam ung tu B tai

diém d6 va tich g,  H = B_(5.10)
H-Hy
4.2.2. Luc tir
Dinh luat Ampe la dinh luat tuong Hinh 5.7

tac giita hai phan tr dong dién. Phan tu
dong dién 1a mot doan rat ngan cua day din co dong dién. Dé biéu dién nd, nguoi ta dua ra
mdt vecto |.dl ndm ngay trén phan tir ddy dan co phuong chiéu 1a phuong chiéu ciia dong
dién va c6 do 16m bang 1.dl.
Ta xét hai dong dién hinh dang bat ky, nim trong chan khong, va c6 cuong d6 lan
luot 1a | va lo. Trén hai dong dién d6, Iy hai phan tir dong dién 1.dl va 1,.dl, .
bat r=0M va goi O 1a goc giita phan tir I.di va vecto . V@ mit phing P chira phan tir
I.dl va diém M, v& phap tuyén n ddi v&i mat phang p tai diém M. Goi 0, 1a goc gitra phan tir
dong dién Io.d_l(; VA vecto 1.
Dinh luat Ampe duoc phat biéu nhu sau:
Tur luc do phén tir dong dién l.di tac dung 1én phan tir dong dién IO.E cung dit trong chan
khong la mot vecto d—F(; :
+ C6 phuong vudng goc voi miat phang chira phan tir Io.d—l(; va phap tuyén n.
+ C6 chiéu sao cho ba vecto d_l(; : nva d—F(; theo thtr ty do, hop thanh mdt tam di¢n

thuén.

I.dl.siné.1,.dl,.sin 6,

+Vaco do lonbang:  dF, =k > ° (5.5)
Trong hé SI, k = oy Uy =47.1077 henry goi 1a hang s6 tir.
4r met

Dinh luat Ampe c6 thé duoc biéu dién bé’mg biéu thirc vecto sau day :
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gF = Ho I,.dl, A(l.dl AT)
v s
Thi nghiém chirng t6 rang : Néu hai dong dién i va iy ciing dat trong mot moi trudng
déng chét nao do, thi tr luc tang l1én u 14n so v tir luc

o

(5.6)

GF = Mot l,.dl, /\(Sldl AT) (5.7)
4

Trong d6 u duogc goi la d6 tur thAm ctia moi truong.

4.2.3. Hién tuwgng cam urng dién tir

a. Thi nghiém va dinh nghia hi¢n twong cam wng dién tir

Lay mot ong day dién va mic ndi tiép nd voi mot dién ké G thanh mot mach kin.
Phia trén dng dy, ta dit mot thanh nam cham BN. Thi nghiém chting to rang néu dua thanh
nam cham vao 1ong ong day thi kim cua dién ké s& bi léch di, trong dng day xuat hién mot
dong dién, dong dién d6 chinh 1a dong dién cam tGng. Néu rat thanh nam cham ra, dong dién
cam tng c6 chiéu nguoc lai.

Di chuyén thanh nam cham cang nhanh, cuong do Ic ctia dong dién cam tng cang
16n. Pang di chuyén, bdng giit thanh nam cham dtng lai, dong dién cam Gng mét ngay. Néu
thay nam chim bang mot dng day c6 dong dién, hodc giit thanh nam chdm va dich chuyén
dng day, ta ciing c6 nhitng két qua twong tu nhu trén.

Qua thi nghiém d6, Faraday da rat ra nhitng két luan tong quét sau ddy: Sy bién doi
cua tur thong qua mach kin 1a nguyén nhan sinh ra dong dién cam tng trong mach d6. Dong
dién cam Gng ay chi ton tai trong thoi gian tir théng giri qua mach thay dbi. Cudng d6 dong
dién cam rng ti 1¢ thuan voi tdc do bién ddi cua tir thong. Chiéu cua dong dién cam ung phu

thudc vao tur thong guri qua mach tang hay giam.

b. Cdac dinh ludt co bdan cua hién twong cam wng dién tir

* Pinh luat Lenx

Nghién ctru hién tugng cdm tng dién tir, Lenx da tim ra dinh luat téng quat vé chiéu
cua dong di€n cadm Ung, goi 1a dinh luat Lenx: Dong dién cam tng phai cé chiéu sao cho tir
truong do né sinh ra c6 tac dung chdng lai nguyén nhan da sinh ra né.
* Pinh luit co ban cia hién twgng cam ng dién tir

Sy xuit hién cua dong dién cam Ung ching to trong mach c6 mot suét dién dong.
Suét dién dong éy duoc goi la sut dién dong cam Ung.

Dé tim biéu thirc cia suat dién dong cam tng, ta hiy dich chuyén mot vong dy dan

kin (C) trong tlr truong dé tir thong giri qua vong day thay doi. Gia sir trong thoi gian dt, tir
thong gui qua vong day bién thién mot lugng d® va dong dién cam ung xuat hién trong

vong day c6 cuong do Ic. Khi d6 cong cua lyc tur tac dung 1én dong di€n cdm tng 1a :
dA = |c. dCDm
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Theo dinh luat Lenx, tur lyc tac dung 1€n dong dién cam ing phai ngdn can sy dich
chuyén cua vong day vi su dich chuyén nay 13 nguyén nhén sinh ra dong dién cam Gng. Vi
viy, cong cua tir luc tac dung 1én dong dién cam tmg 1 cong can. Va do d6, dé dich chuyén
vong day, ta phai ton mot cong dA’, vé trj sb bang cong can do :

dA’=-dA=-lc. dD

Theo dinh luat bao toan ning lugng, cong dA’ nay duoc chuyén thanh ning luong
cua dong dién cam tng. Vi nang luong cua dong dién cam tng la E..l..dt , trong d6 Ec la
suat dién dong cam tng, nén ta co :

E..lc.dt=—1.dd
dod,
dt

m

Twdotasuyra: E.=-

Do 1a biéu thic cua suat dién dong cam rng ma ta phai tim. Bi€u thuc ay noi1 lén ndi
dung co ban cua hi¢n tugng cam tng dién tur : Suat di¢én dong cam trng ludn luén bang vé tri

s0, nhung trai dau véi toc do bién thién cta tir thong gui qua dién tich cua mach dién.

4.2.4. Nang lugng tir truo'ng

Ly thuyét va thyc nghiém ching to rang: Nang luong tir truong duoc phan bd trong
khoang khong gian cua tir truong. Nhu ta di biét, tir trudng cua 6ng diy dién thing va dai 1a
tir truong déu va co thé coi nhu chi ton tai trong thé tich cua dng day d6. Néu goi V =1.S 1a
thé tich cta dng day thi mat do ning luong tir truong cua dng day dién la:

1. ., 1 n>s. ,

—_——_— = = = —.Uu. P 5-56
R VR 1S 5 etz 7 (596)

Biét rang cam tng tir B trong dng day dién 1a:

n
B=,u.,u0.T.|

Do d6, ta co:
1B

2./10-/1

(5.57)

m

Ngudi ta ching minh dwoc rang, cong thic trén ciing 4p dung dwgc cho mot tir
truong bat ky. Vi vay, dé tinh ning lugng ctia mot tir truong bat ky, ta chia khong gian cia tir
truong d6 thanh nhitng phan thé tich vo ciing nhé dV sao cho trong mdi thé tich Ay, ta co thé
coi cam tng tir B 1a déu. Nhu vay, ning luong tir truong trong mdi thé tich dV 4y la:

2
dw,, = w,,.dV :%. B

dv (5.58)

Ho-H
Do d6 nang lugng ciia mot tir truong bat ky bang:

1 B?
=|dw, =|=.
o \J/. o \J/.2 Ho-H

4V (5.59)

Phép tich phan trén phai dugc thuc hién cho toan bo khong gian cua tir truong,
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B
Ho-H

ma H =

Do do, bicu thirc trén con duoc vict dudi dang:

W, == [B.H.AV (5.60)
2V

* Nang lwgng truwong dién tir

Theo céc luan diém cia Mic — Xoen , tir trudng bién doi theo thoi gian sinh ra dién
trudng xody, va ngugc lai dién truong bién doi theo thoi gian sinh ra tir truong. Nhu vay,
trong khong gian, dién truong va tir trudng c6 thé dong thoi ton tai va co lién hé chit ché véi
nhau.

Dién truong va tir trudng dong thoi ton tai trong khong gian tao thanh mot truong
thong nhat goi Ia truong dién tur.

Truong dién tir 1a mot dang vat chat dic trung cho tuwong tac giira cac hat mang dién.

Truong dién tr c6 nang lugng. Nang lugng dé dinh xur trong khoang khong gian co
truong dién tir. Mat do niang luong cua truong dién tir bang tong mat do ning luong cua dién
truong va tu truong :

W= w, W, = %(50.5.52 g i H?) = %.(E.D 1+ BH) (5.61)

Tt d6 suy ra nang lugng cua truong dién tur 1a :

W :Lw.dv :%L(go.g.Ez + ptg. . H?).AV

1
SW :E.L(ED+ BH).dV

4.3. Cac dinh luit co ban cia trwong dién tir
4.3.1. Pinh Iy Oxtrogratxki — Gaox déi véi dién truong
a. Dién thong

* Pwong stre dién truong

Puong strc dién truong 1a dudng cong ma tiép tuyén tai mdi diém cua no trung véi
phuong ciia vecto cudng do dién truong tai diém do, chidu cua duong stc dién truong 1a
chiéu ciia vecto cuong do dién truong.

Ngudi ta quy wdc v& sd dudng sirc dién truong qua mot don vi dién tich dat vudng goc
voi dudng stre bang cudng do dién truong E (tai noi dat dién tich). Tap hop cac duong sirc
dién trudng duogc goi la phd dudng stc dién truong hay dién phd.

* Sy gian doan ctia duwong sirc dién truong. Vecto cam @ng dién (dién cam)

Khi di qua mat phan céch cua hai moi truong, hﬁng s6 dién moi &, cuong do dién
trudng E bién di dot ngot, vi vay phé cac dudng stre dién truong bi gidn doan & mat phan
cach ciia hai moi trudng. Vi vy, dé mo ta dién truong, ngoai vecto cuong do dién truong E :

ngudi ta con ding mot dai lugng vat 1y khac, khong phu thudc vao tinh chat ciia moi trudng
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goi la vecto cam trng di¢n D. Trong trudng hop méi truong 14 dong nhat, ngudi ta dinh
nghia :
D= &, £E (5.29)

trong do6, do 1on cua vecto D dugc goi 1a cam tng dién béng :
D=¢,cE

Vecto cam tng dién D do dién tich diém q gy ra tai mot diém cach q mot khoang r
duoc xac dinh boi :

-

p=—34_T (530

5"

Arre r
ol
4r.r?

Tai mdi diém trong dién truong, D chi phu thudc vao q, tuc nguén sinh ra dién
trudong ma khong phu thudc vao tinh chit ciia moi truong.

Trong hé SI, don vi ciia cam Gng dién 1a : C / m? (culdng trén mét vuong).

Nguoi ta ciing dinh nghia dudng cam tng dién gidng nhu duong stc dién truong :
Puong cam tng dién 13 dudng cong ma tiép tuyén tai mdi diém ctia né trung véi phuong cia
vecto D , chiéu cia dudong cam tng dién 13 chiéu cia D.

* Thong lwong cam wng dién (dién thong)

Dé thiét 1ap mdi lién hé giira vecto cam tng dién D va dién tich gay ra no, nguoi ta
dung khai ni¢m thong luong cam tng dién hay dién thong.

Gid su ta dat mot dién tich S trong mdt dién truong bat ky D. Ta chia dién tich S
thanh nhirng dién tich v6 cung nhé dS, sao cho vecto cam ung dién D tai moi diém trén dién
tich dS 4y c6 thé coi 1a bing nhau.

Thong lwrong cam tng dién giri qua toan bo dién tich S bang :

®, = [dd, = [DdS = [D,.dS (5.31)

e

(s) (S) (S)
v6i Dy = D. cose 1a hinh chiéu cua D trén phap tuyén n cla dién tich S va goc «a la goc
hop boi n va D.
Thong lugng cdm tng dién qua dién tich dS 1a mot dai lugng c6 do 1on ty 1€ voi )
duong cam tng dién v€ qua dién tich do.

b. Binh ly Oxtrogratxki — Gaox déi véi dién truong

Dang tich phan: D, = J:LBEé = Z q, (5.32)
Phat biéu: Dién thong qua mot mat kin béng téng dai sb cac dién tich chira trong mat

kin y.
Dang vi phan: divD = o (5.33)
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Dinh 1y nay dién ta tinh khong khép kin cta cac duong suc dién truong tinh, cic
duong suc di€n truong tinh luon tur cac dién tich duwong di ra va di vao cac dién tich am.
Ngudi ta noi rang dién trudng tinh 13 “ trudng c6 ngudn”.

4.3.2. Tir thdng. Pinh 1y Oxtragratxki — Gaox ddi véi tir truong
a. Tir thong

Trong tu truong, ta hdy xét mét dién tich dS kha nho sao cho vecto cam rng tur tai
moi diém ctia dién tich 4y c6 thé coi 1a bang nhau. Theo dinh nghia :
Tir thong giri qua dién tich dS 1a dai luong vé gié tri bang :

dd, =B.dS (5.34)

trong do : B 1a vecto cam ung tur tai mot diém bét ky trén dién tich éy, ds 1a mot vecto nim
theo phuong ctia phap tuyén n véi dién tich dang xét, c6 chiéu 1a chiéu dwong ctia phap tuyén
do6 va c6 do 1on bﬁng chinh do 16n cua dién tich d6 (@ con duoc goi la vecto dién tich).

Néu mudn tinh tir thong gui qua mot dién tich co kich thude 16n nim trong mot tir
trudng bat ky, ta phai chia nd ra thanh nhitng phan tir dién tich kha nho dS sao cho trén mdi
phan tir 4y, ta c6 thé coi vecto cam Ung tir Bla khong thay d6i. Nhu vdy, tir thong giri qua
dién tich 16n S s& dugc tinh bang tich phan cia cac tir thong gui qua cac phan tir dién tich Ay :

®, = [BdS (5.35)
(s)
Trong hé don vi SI, don vi tir thong 1a vébe, ky hi¢u 1a Wb.
B @ _ Wb

g =z =W /m =17
m

Viy : Tesla 13 cam Gng tir cia mot tir thong déu 1 vébe xuyén vudng goc qua mot

mat phang dién tich 1 mét vudng.
b. Dinh Iy Oxtragratxki déi vdi ti truwong

Dang tich phan : [[[BdS =0 (5.36)

Phat biéu: Tir thong toan phan giri qua mot mat kin bat ky thi bang khong.

Dang vi phan: divB=0 (5.37)

Dinh ly nay dién ta tinh khép kin cta cac duong strc tir: ngudi ta ndi tir truong 1a
truong khong co ngudn.

4.3.3. Pinh Iy Ampe vé luu so ciia vecto cwdong dd tir truong
Tinh chit xody ciia tir truong con dugc thé hién trong dinh Iy Ampe vé dong dién
toan phan.

a. Lwu s6 ciia vecto cwong dj tiv truong

Gia str c6 mot duong cong kin bat ky (C) nam
trong mot tir truong bat ky. Goi dl 1a vecto chuyén doi

ung voi mot doan vo cung nhd MM 'trén duong cong,
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va H 1a vecto cudng do tir trudng trén doan ay. Theo dinh nghia :
Luu sé cia vecto cuong do tir trudng doc theo dudng cong kin (C) 1a dai luong vé
gi4 tri bang tich phan caa H.dl doc theo toan bd dudng cong do6 :

§ Hdl = f H.dl.cos(H,dl) (5.38)
©) ©)

b. Dinh Iy Ampe vé dong dién toan phan

Truong hop duong cong (C) bao quanh dong dién I thi:

§ Hadl =1 (5.39
(©)

Theo 1ap ludn trén, I > 0 néu dong dién nhan chiéu duwong (tirc chiéu dich chuyén trén
duong cong) 1am chiéu quay thuan xung quanh né, I <0 trong trudng hop ngugc lai.
Truong hop duong cong (C) khong bao quanh dong dién thi :

§ H.dl =0 (5.40)
(©)

Dinh Iy Ampe vé dong dién toan phan: Luu sb cia vecto cudng do tir truong doc
theo mot dudng cong kin (C) bat ky (mot vong) bang tong dai s6 cudng do cua cac dong dién
xuyén qua di¢n tich gidi han boi duong cong do :

e n
ifH.dI =31, (5.42)
(©) i=1
trong d6 : I; s& mang dau duong (I; > 0) néu dong dién thir i nhan chiéu dich chuyén trén
duong cong (C) lam chiéu quay thuan xung quanh né ; I; s& mang du 4m (1;) néu dong dién
tht i nhan chiéu dich chuyén trén dudng cong (C) lam chiéu quay nghich xung quanh né.
Y nghia cua dinh Iy vé dong dién toan phan : N6 noi 1én ring, tir trudng khong phai

13 mot trudong thé ma 13 mot trudng xody.

4.3.4. Pinh luat Micxoen vé lwu sb ciia vecto cuong do dién truong
Luu s6 cta vecto cuong do dién truong duoc dinh nghia nhu sau: Tich phan f Edi I

Iuu s6 ciia vecto cudng do dién trudng doc theo duong cong kin.
Trong truong hop dudng cong dich chuyén 1a mot dudng cong kin thi :

§ E.di =0 (5.42)

Vay : Luu sd cua vecto cuong do dién truong (tinh) doc theo mot duong cong kin
bang khong. Phét biéu va biéu thirc ndy dic trung cho tinh chét thé cua trudng tinh dién.
4.4. Truwong dién tir
4.4.1. Trudng dién tir

Dong dién sinh ra tir truong va ngugc lai, tir truong bién ddi lai sinh ra dong dién.

Nhu vay, giita dong dién va tir truong c6 mbi quan hé bién doi tuong hd rat khing khit. Di sdu
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nghién ctru mdi quan hé dé, Micxoen da phat hién ra ring : khong phai chi gitra dong dién va
tir truong, ma co ban 13, gitra dién trudng va tir trudng 6 mdi quan hé khing khit d6. Két qua
nghién ctru 4y dugc tong két thanh hai luan diém, goi 1a luan diém thir nhat va luan diém thir
2 ciia Micxoen. Tir d6, 6ng dd xay dung nén 1y thuyét vé truong dién tir dang thong nhit bao
gdm ca dién truong va tir truong.
* Lu4n diém thir nhat ctia Micxoen

Trong hién tugng cam tng dién tir, nguyén nhan gy ra dong cam ung 1 su bién doi
ctia tir thong gui qua mach dién, tirc sy bién ddi cua tir trudng tai noi dat mach. Vay dién
truong gy nén dong cam tng chi ¢ thé do tir truong bién doi theo thoi gian sinh ra. Thuc
nghiém d3 x4c nhan rang dién trudng giy nén

dong dién cam urng c6 nhitng duong strc khép —

kin. Nguoi ta goi dién truong nay la dién +

truong xody. Trén co s& phan tich nhu trén, 5

Maicxoen da phat biéu dugc mot luan diem c C =
w L

tong quat, goi 1a luan diém th nhit cia

< v= H
Maicxoen : D
Bat ky mdt tur truong nao bi€n doi -
theo thoi gian cling sinh ra mgt dién truong
X0ay.
Luan diém nay dugc biéu dién mot Hinh 5-3 Khi dién tréng gidm, vacte mat dé dong dién dich nguge

, . X n . . chidu véi vec te cdm tng dién
cach dinh luong bang mét phuong trinh, goi

1a phuong trinh Micxoen — Faraday. Dé thiét 1ap phuong trinh nay, ta hiy xét mot vong day
dan khép kin (C) nim trong mot tir trudng B dang bién d6i. Theo dinh ludt co ban cua hién
tuwong cam tng dién tir, sudt dién dong cam Gmg xuét hién trong vong day do 14 :

dod

d —_—
E. =- =—-—(|B.dS) (5.11
c =g =g ([B9S) (B1Y)

Trong d6: ®_ = [B.dS latir thong giri qua dién tich S giéi han bai vong diy dan ma ta xét.
g m = J

Mat khéc, theo dinh nghia cta suat dién dong, ta co :

Ec = Edl (5.12)
C

Trong d6 E la vecto cuong d dién truong xoay trén doan dich chuyén dS ciia vong
day, ds lIa vecto biéu thi doan dich chuyén d6. So sanh (5.11) va (5.12) ta dugc:

—

§ Egi--9 [ B.dS (5.13)
2 dt s
Nbi dung ciia phuong trinh nay 1a : Luu s6 clia vecto cuong do dién trudng xody doc

theo mot duong cong kin bat ky thi bang vé gia tri tuyét ddi, nhung trai dau véi toc do bién
thién theo thoi gian cua tir thong gui qua dién tich gidi han bdi dudong cong do.
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—

Y nghia ciia phuong trinh 1a & chd : N6 cho phép ta tinh dugc dién truong xody E,
néu biét trude quy luat bién dbi cia tir truong theo thoi gian.

Phuong trinh Méacxoen — Faraday dudi dang vi phén :

—_—

rotE = — 2B (5.14)
ot

Duéi dang ndy, no c¢6 thé ap dung dbi véi timg diém mot trong khong gian co tir
truong bién doi.
* Luén diém thir hai ciia Micxoen

Noi dung cta luan diém thtr hai ciia Micxoen : Bat ky mot dién trudng nao bién doi
theo thoi gian ciing sinh ra mot tir truong (luan diém nay da duoc thuc nghiém chirng minh).

Luan diém th hai cia Micxoen duge bicu dién mot cach dinh lugng béi mot
phuong trinh goi la phuong trinh Macxoen — Ampe .

Gia thuyét ctia Micxoen vé dong di¢n dich : Theo ludn diém thtr hai caa Macxoen,
dién truong bién ddi theo thoi gian sinh ra tir trudng. Nhung dong dién din (tic dong céc hat
chuyén dong c6 hudng) ciing sinh ra tir

trudng. Do d6, xét vé phuong dién sinh ra tir

truong thi dién truong bién d6i theo thoi +

gian ¢6 tac dung giébng nhu mot dong dién. 5

Dong di¢n nay Macxoen goi la dong dién ¢ L
dich. Vay, ta c6 dinh nghia : S

Dong dién dich 1a dong dién tuong -

duong véi dién truong bién ddi theo thoi

gian vé phuong dién sinh ra tir truong.

——
Xét mot mach gé)m mét tu dién co dién 5 dién trudng ting, vecto mat o dang dién dich ciing chidu vei
dung C va mot cudn day dién co hé sb tu vectd cam (ng dién.
cam L mic ndi tiép voi nhau.

Luc dau, ta gia st tu dién C dang phong dién. Dién tich cua no6 trén hai ban cua tu
dién dang giam. Trong mach c6 mot dong dién dan chay qua cudn day L tir ban duong sang
ban a&m, con trong khodng chan khong giita hai ban d6 c6 mdt dién truong dang giam. Vecto
cam Ung dién D cla dién truong nay hudng tir ban duong sang ban am va c6 do 16n dang
giam. Sau do, ta lai gid su tu dién C dang dugc nap dién. Di¢n tich trén hai ban cua né dang
ting 1én. Trong mach c6 dong dién din chay qua cudn day L tir ban 4m sang ban duong cua tu
dién con trong khoang chan khong gitra hai ban do c6 dién truong dang tang. Vecto cam ng
dién D clia dién truong ndy van huéng tir ban duong sang ban &m nhung c6 do 16n dang
tang.

Theo Micxoen, dién trudng bién doi giira hai ban ciia tu dién sinh ra tir truong giong
nhu mot dong dién (dong dién dich) chay qua toan bd khong gian gitra hai ban cua tu dién, c6
chiéu 1a chiéu ciia dong dién dan trong mach va cé cuong do bang cudng do dong dién dan
trong mach do. Nhu vay :
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- Khi tu dién phong di€n, vecto cam tng dién D dang giam thi dong dién dich chay tu
ban 4m sang ban duong, nguoc voi chiéu cua vecto D 4y. Con khi ty dién dang dugc nap
dién, vecto cam tng di€én D dang tang thi dong dién dich chay tir ban duong sang ban am,
cung chiéu véi vecto D ay.

- Néu goi |, 1a cwong do dong dién dich chay gira hai ban tu dién, s 1a dién tich cua
mdi ban thi mat d6 dong dién dich gitta hai ban d6 14 :

) I, |
_la_'15
Ja 3 S( )

Vé6i I 1a cuong d6 dong dién dan chay trong mach. Néu trong khoang thoi gian dt, dién tich

trén ban duong cta tu dién ting mot lwong 1a dq thi cudng do dong dién dan I trong mach

bang :
,_da
dt
, . 1dg d,q, do
Do @6 : =—.—=—(=)=—-(5.16
Jo =5 dt(S) dt( )
Vi o= % la mat do dién tich trén ban duong cua tu dién.

Ta da ching minh duge : D = o, thé vio biéu thic trén ta duoc © j, = dd—? (5.17)

—_—

Duéi dang vecto ta c6 thé viét : E = dd—ItD (5.18)

Biéu thuc nay chung to: Vecto mat do dong dién dich bé“mg tdc d6 bién thién theo
thoi gian cua vecto cam ung dién.

Vi chi ¢6 dién truong bién doi theo thoi gian méi sinh ra tir truong , nén ta phai ding
dau dao ham riéng % thay cho ddu dao ham toan phan % .Khido, taco:

—_—

— oD
iy -2 (519)

M¢ rong gia thuyét da néu & trén vé dong dién dich cho truong hop mot dién truong
bat ky, Micxoen di toi gia thuyét tong quat :

Xét vé phuong dién sinh ra tir truong thi bat ky mot dién trudng nao bién ddi theo
thoi gian ciing gidng nhu mot dong dién, goi 1a dong dién dich c¢6 vecto mat do dong bang :

_ @
Ja = at
Trong do D Ia vecto cam ung dién tai diém ma ta xét.

Phuong chiéu cia tir trudng do dién trudng bién ddi sinh ra (hay con goi 1a do dong
dién dich sinh ra) cling dugc xac dinh theo quy tdc cai van nat chai nhu ddi véi dong dién
dan, nhung biy gid duoc 4p dung cho dong dién dich tirc dong dién twong duong voi dién
truong bién d6i theo thoi gian vé phuong dién sinh ra tir truong.
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Nhu ching ta da biét, trong chan khong vecto cam tng dién D = ¢,.E , do do, mat d¢

dong dién dich trong chan khong 1a :

—

- OE
Jd = EO.E (520)

Nhu vay, dong dién dich trong chin khong khong c6 lién quan véi bat ky mot sy dich
chuyén nio cua cac loai hat vat chit : Dong dién dich trong chan khong vé ban chat chi 1a
dién truong bién doi theo thoi gian. Theo luan diém tha 2 cia Micxoen, dién truong bién doi
theo thoi gian ¢ trong chan khong van sinh ra tir truong.

Tuy nhién, trong chit dién méi ¢ dé vecto cam Gng dién D gdm hai sé hang :

D=¢g,E+P, . V6i E la vecto cudng do dién trudng tong hop trong chat dién méi va P, Ia
vecto phan cyc di¢n mdi thi ta ¢o :
— D GE aP

Jd:E:‘go- 6(521)

Két qua nay co nghia 1a trong chat dién moi, mat do dong dién dich gdm hai thanh

phan : Thanh phan thir nhat 1 mat d6 dong dién dich trong chan khong (go.%E) va thanh

—_—

tur 1ap luan sau day : Néu xét mot dién tich S nao do6 trong chat dién moi va goi o'la mat do
dién mat cua dién tich lién két xuat hién (ta c6 : o'=P,,) thi cuong d6 dong dién qua S do su

phan cuc dién moi gayra la :
jj—pcﬁ j ds = j P 45— j Ok dS(522)

Tu day, suy ra biéu thirc cua mat do dong dién phan cuc 1a :

—_

— 0P,
Jpc = E(523)

Dong dién phan cuc c6 li€n quan td1 sy quay cua cac ludng cuc phan tir hodc su dich
chuyén cua céc trong tim dién tich duong va am trong cac phan tir khong phan cuc ciia chét
dién moi dudi tac dung cta dién trudng ngoai.

* Thiét lap phwong trinh Micxoen

Theo Micxoen, tir truong khong phai chi do dong dién dan sinh ra ma con do dién
truong bién ddi theo thoi gian tuc dong dién dich sinh ra nita. Vi vdy, Macxoen da dua ra khai
niém dong di¢n toan phﬁn la téng cua dong dién dan va dong dién dich. V&i khai niém éy, ta
noi rang tir trudng 1a do dong dién toan phan sinh ra.

—

P —

J4 P ~ A 1x ‘n x s oD \ ~ A 1x  n
Néu goi j 1a vecto mat do dong dién dan va J, = E la vecto mat d¢ dong dién
dich tai cung mot diém thi vecto mat do dong dién toan phﬁn tai diém do 1a :

— = oD
jo =1+ (62)
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Bay gio, ta hiy xét mot duong cong bat ky (C) ndm trong mién khong gian c¢6 ca
dong dién dich va dong dién dan chay qua. DPinh Iy Ampe dugc mé rong cho dong dién toan
phén :

§ H.dl =1, (5.25)

Trong d6 iy, 1a cuong do ciia dong dién toan phan chay qua dién tich S gi¢i han boi
duong cong (C). Taco :

—_—

—— - oD,—=
l, = L ji,, dS = L( j +E).ds (5.26)

Thay (5.24) va (5.25) vao (5.26) ta duoc :

—_—

fH.di = [, (j +%D).£ (5.27)

Do 1a chinh 1a phuong trinh Macxoen — Ampe dudi dang tich phan ma ta phai tim.
Noi dung ctia phuong trinh nay 13 : Luu s6 cia vecto cudng do tir truong doc theo mot dudng
cong kin bat ky thi bang cudng do dong dién toan phan chay qua dién tich gidi han bai duong
cong do.

Y nghia ctia phuong trinh : Phuong trinh cho phép ta tinh duogc tir truong H mot khi
biét su phan bd dong dién din va quy luat bién doi theo thoi gian cia dién truong tai moi
diém trong khong gian.

Dang vi phan ctia phuong trinh Macxoen :

—

— - oD
rotH = | +—(5.28
I+ (5.28)

4.4.2. SOng dién tir
a. Dinh nghia

Qua trinh truyén dao dong dién tir trong khong gian tao thanh séng dién tir. Song
dién tir 1a trudng dién tir bién thién truyén di trong khong gian.

b. Nhitng tinh chit ciia séng dién tiv

* H¢ phuong trinh Macxoen cia song dién tir

Phuong trinh Macxoen cua truong dién tir dang vi phan la:

— —

rotE =—a—B(6.1) rotH =]+8—D
ot ot
divD = p(6.3) divB =0(6.4)
Néu 1a moi truong dong chat, dang hudng thi:
D =¢,.c.E(6.5) B = u,...H (6.6) j=0E(6.7)

Vi song dién tir 1a truong dién tir bién thién va ta chi xét song dién tir tu do nghia 1a
song dién tir trong mot moi truong khong dan (khong cod dong dién) va khong cé dién tich .
Do do:
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Phuong trinh Macxoen cua soéng dién tur dugc viét nhu sau:

— —

rotE = —6—8(6.8) rotH = ob (6.9)
ot ot
divD = 0; (6.10) divB = 0;(6.11)
D =¢,.c.E; (6.12) B = u,...H; (6.13)

* Nhirng tinh chit tong quat ciia song dién tir
Tai mdi diém trong khoang khong gian c6 song dién tir, ta co thé xac dinh hai vecto
EvaH , chiing 1a nhitng ham ciia thoi gian t, thong thuong 1a nhitng ham tuan hoan cua t.
Séng dién ¢ nhitng tinh chit tong quat sau day:
- Song dién tir ton tai ca trong moi trudng vat chit va trong mdi truong chan khong (khéac
v6i song co , song co khdng ton tai trong chan khong).
- Song dién tir 1a séng ngang: tai mdi diém trong khoang khong gian c6 song dién tir,
phuong cua cac vecto E; H tacla phuong dao dong déu vudng goc v4i phuong truyén song.
- Van téc truyén song dién tir trong mot moi truong chit dong chit va dang hudng cho
boi:
C

Jeu

Trong d6: C =3. 108 m/s, & vd u lan luot 1 hing sb dién moi va do tir thim ciia mdi truong.

V =

(6.14)

\/a =n goi la chiét suat tuyét ddi cia moi truong. Trong chan khong, e =1 =1

Vay: V=_C.

Vian tdc truyén song dién tir trong chan khong ciing bang van tdc truyén anh sang
trong chan khong. Thuc nghi¢m chung to n > 1, do do6:

V < C.

Nghia 13 véan tdc truyén song dién tir trong chin khong 13 16n nhit so v6i cac méi
trueong Khac.
* Nang lwgng va nang thong song dién tir

Ban chat song dién tir 1a truong dién tir bién thién. Ning luong song dién tir 1a ning
luong truong dién tir; ndng lugng nay dinh xtr trong khoang khong gian c6 song dién tur.

Mat do nang lugng song dién tur co tri ) ba‘ing:

W= %go.g.Ez +%.,uo.,u.H ?(6.15)

Dbi véi song dién tir phang don sic, ta co:

ey B = iy elH] (6.26)
Twr do ta suy ra: &o-6.E% = py.u.H? (6.17)
Biéu thire (6.17) duoc viét lai thanh :
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W=eg,.eE% = yyuH? = Jg,.6E\ y.u.H (6.18)
Dé dic trung cho su truyén ning lwong song dién tir, ta dua ra khai niém ning thong
song dién tu: do 1a dai lugng vé tri sb béng nang luong truyén qua mdt dién tich nao do trong
mot don vi thoi gian . Mat do nang thong song di€n tur cho boi:

P=wV (6.19)
1
Dya vao (6.18) va V = —— tasuy ra:
\Eo-Mo-E-
P=.g,.€E\ 1y.u.H .;: e.h (6.20)

NEo-Ho -

bé dic trung cho sy truyén nang lugng song dién tir mot cach dﬁy du, ta dinh nghia
vecto Umop- pdinting :
P=wV (6.21)
Vi P song song va cung chiéu véi V nén P L EE LH , do d6 dé dang suy ra rang:

P=EAH (6.22)
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BAI TAP

Bai 1: Cho 2 dién tich diém q;= 2.10°C va g,=-10°C dit cach nhau 10cm, trong khong khi.
Tinh cong cua lyc tinh dién khi di¢n tich g, dich chuyén trén duong thé“ing ndi 2 dién tich ra xa
thém 1 doan 90cm.
(-0,162J)
Bai 2: Tai 2 dinh C, D cua 1 hinh chit nhat ABCD (AB=4cm, BC=3cm) ngudi ta lan luot dat
dién tich diém q; = 3.10°C va g, = -3.10°C. Tinh hiéu dién thé giira 2 diém A va B. Céc dién
tich duoc dat trong khong khi.
(720V)
Bai 3: Hai qua cau gidng nhau duoc treo & dau hai soi day c6 do dai | = 10cm dit trong chan
khong. Hai soi day nay ctng budc vao mot diém O & dau trén. Mdi qua cau mang mdt dién
tich q bang nhau va c6 khdi lugng 0,1g. Do luc day giita hai qua ciu, hai soi day treo tao nén

mot goc 200 =10"14" Hay tinh tri s6 cua dién tich q. Cho

biét gia toc trong trudng g = 10m/s°. $
(q=_18.10%C)-
Bai 4: C6 hai dién tich diém q1 = 8.10°C va g, = -3.10°
8C dat cach nhau mot khoang d = 10cm trong khong khi.
Tinh: B
a. Cuong do dién truong gy boi cac dién tich do tai cac M A
diém A, B, C. Cho biét: MN = d = 10cm, MA = 4cm, MB = 5¢cm, MC = 9cm, NC = 7cm.
(Hinh v€ minh hoa).
b. Luc tac dung 1én dién tich q = - 5.10™°C dat tai C.
(a. En = 52,4.10* V/m, Eg = 27,5.10* V/m, Ec = 9,3.10° V/m  b. 46,5.10° N)
Bai 5: Tim cudng do tir truong gy ra tai diém M boi mot doan |
day dan thing AB c6 dong dién I = 20A chay qua biét M nam A MW
trén trung truc cia AB va cach AB 5cm va nhin AB dudi mdt ! & ;
g6c 60°? : !
(h=31,8A/m) l .
'C 0 1B

Bai 6: Hai dong dién thang dai vo han dit thing goc v6i nhau va

nim trong cung mot mit phang. Xac dinh vecto cudng do tir truong tong hop tai cac diém M,
va My, biét rang: Iy = 2A, 1, = 3A, AM; = AM; = 1cm, BM; = CM; = 2cm.

(H (M1) = 8A/m, H(M) = 55,8A/m)
Bai 7: Mot day dan dugc udn thanh hinh chit nhét, c6 cac canh a = 16cm va b = 30cm, c6
dong dién cuong do I = 6A chay qua. Xac dinh vecto cuong do tur truong tai tdam ctua khung
day.

(H=27,1A/m)

Bai 8: Mot dan dai vo han duoc udn thanh mot gdc vudng, trén c6 dong dién 20A chay qua.
Tim:
a. Cuong do tir trudng tai diém A nam trén mot canh géc vudng

va cach dinh O mot doan OA=2cm. ‘B\
b. Cuong do tir truong tai diém B nam trén phan gidc clia goc \\
vuong va cach dinh O mét doan OB = 10cm. \
(a. Ha = 79,8A/m; b. Hg = 76,8A/m) f 1,

Bai 9: Hai vong ddy dan tron c6 tim tring nhau va dugc dit =< B it

sao cho truc clia ching vudng goc véi nhau. Ban kinh mdi vong day 1a R = 2cm. Dong dién
chay qua ching c6 cudong do I; = I, = SA. Tim cudng do tir truong tai tdm cua ching?
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Chwong 5: Quang Song — Quang Lwong T

5.1. Co sé ctia quang hoc song

5.1.1. Thuyét séng dién tir vé anh sang

Duya vao su tuong tu gitra cac tinh chat ciia song dién tir va ctia anh sang, phat trién
thuyét song anh sang ciia Huy-ghen va Frenen, nim 1860, Mac-xoen dd néu ra gia thuyét méi
vé ban chat anh sang: anh sang 1a song dién tir c6 budc song rat ngin (so voi séong vo tuyén
dién), lan truyén trong khong gian.

Ttr thuyét dién tir vé anh sang, Mac-xoen ciing da thiét 1ap duoc mbi lién hé giira tinh
chat dién tir v6i tinh chat quang ctia moi truong.

S e 31)

\'

Trong d6 ¢ 1a toc d6 anh sang trong chan khong, v 14 tbc do 4nh sang trong moi
truong c6 hang s6 dién moéi la ¢ va do tuthdm la 4 . Tu d6, suy ra hé thue vé chiét suat ctua
moi truong: n=.e&u (3.2)

Tiép theo d6, Lo-ren-xo con chirng minh duoc ring & phu thudc vao tan sd fcia anh
sang:

e =F(f) (3.3

Nho d6, 6ng di giai thich dugc hién tugng tan sic anh sang.

5.1.2. Nguyén ly Huyghen — Fresnel

Vi anh séang c6 ban chat song nén n6 ciing tuan theo nguyén ly Huyghen: Bat ky mot
diém nao nhan duoc song anh sang truyén dén déu trd thanh ngudn sang thir cip phat anh
sang vé phia trudc no.

Nguyén 1y Huyghen gitip ta giai thich duoc sy 1éch cua tia sang khoi phuong truyén
thang, nghia 13 giai thich duoc hién twong nhidu xa vé mit dinh tinh. Tuy nhién dé tinh dao
dong sang tai mot diém M nao d6 thi ta can phai tinh tong cac dao dong sang do cac ngudn
thir cp gy ra tai M. Mudn vay phai biét bién do va pha cua cac ngudn thir cap. Dé giai quyét
vain dé nay Frénen da b sung thém nguyén 1y sau diy: Bién d6 va pha ctia ngudn thir cip 1a

bién d va pha do ngudn thyuc giy ra tai vi tri ciia ngudn thi cip.

5.1.3. Khai niém quang 1§

Xét hai diém A, B trong mdt moi trudng d@)ng tinh chiét suat n, cach nhau mot doan
bang d. Thoi gian anh sang di tir A dén B 1a:

=4 34
\"

Trong d6 v la van toc anh sang trong moi truong.
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Ta dinh nghia: quang 16 giita hai diém A, B la doan dudng 4nh sang truyén dugc
trong chan khong trong khoang thoi gian t, trong d6 t 1a khoang thoi gian ma anh sadng di dugc
doan dudng AB trong moi trudng. Goi L 1a quang 16 giita hai diém A, B, ta ¢6:

L=c.t(3.5)

| \ Y AL AL, Aty C ,
Thay t tir (3.4) vao (3.5) va bict chiét suat cuia méi truong n=— ,tarutra:
\'

L =n.d (3.6)
Néu anh sang truyén qua nhiéu moi truong
chiét suit ny, Ny, Ns,..., vGi cac quang dudng lan
luot 14 d, da, ds... thi quang 1 tong cong 14

L=nu.dy +npdo +nads+...= D nud; (3.7)

Neéu anh sang di trong moéi truong ma

Hinh -2

chiét suat thay doi lién tuc tir diém nay dén diém
khéc thi ta chia doan duong thanh cidc doan nhd ds dé chiét suit coi nhu khong ddi trén mdi
doan nho va quang 16 gitra hai diém A va B 1a :

L= 'T' nds (3.8)

5.2. Giao thoa anh sang
5.2.1. Giao thoa &nh sang cho béi hai ngudn két hop

Hién tuong giao thoa anh sang chinh 13 hién twong chong chat cta hai (hay nhiéu)
song anh sang. Két qua 1a trong truong giao thoa s& xuat hién nhitng mién sang, nhitng mién
t61. Cling nhu séng co chi ¢ cac song anh sang két hop méi tao ra dugc hién tuong giao thoa

, ta hiy xét cach tao ra hai song anh sang két hop.

a. Cach tao ra hai séng dnh sing két hop

Néu ta xét 4nh sang phat ra tur hai nguén riéng biét, thi tai mot diém nao d6 s& nhan
duogc céc cap doan song do hai nguén gui toi, modi cip doan song nay sé co6 mdt hi¢u pha nao
d6. Hiéu pha nay thay dbi va khong phai 1a mot sb khong ddi. Két qua 1a song do hai ngudn
riéng biét phat ra 1a hai song khong két hop.

Tuy nhién bang cach ndo do, ta tach song phat ra tir mot ngudn duy nhat thanh hai
song, sau do lai cho chung gap nhau thi hi€u pha cta hai séng s& khong phu thudc thoi gian.
Luc d6 ta c6 hai song két hop. Nhur vay, nguyén tic tao ra hai song két hop 14 tir mot song duy
nhét tach ra thanh hai song riéng biét.

Dé tao ra cac song két hop, ngudi ta ding cac dung cu sau:

- Khe Young: 1a mot dung cu gdm mdt ngudn sang o dit trude mot man khong trong sudt
p ¢ duc hai 16 nho 010, . Sau p dit mot man quan sat E . Anh sang phét ra tir O truyén dén
01, O,. Theo nguyén ly Huyghen, Oz va O, tr¢ thanh hai nguén th cép. Vi tor mot ngué)n tach
thanh hai nén Oy, O, 14 hai ngudn két hop va cac song phat ra tir Oy, O, 1a cac song két hop.
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- Guong Frenen: 13 mot dung cu gom hai guong phing G1 , G dit nghiéng nhau mot goc
rat nho ( khoang vai phin nghin radian ). Mot ngudn diém o dit trudce hai guong s& ¢6 hai anh
40 1a Oy va Oy. Hai chum sang xuat phat tir O phan xa 1én hai gwong va dép 1én man quan sat
E. Hai chum sang phan xa coi nhu dwogc phat di tir hai ngudn ao O1, O,. Chlng 13 hai cham
sang két hop. Man chin Q ngin tia sing truc tiép tir ngudn O dap 1én man quan sat E.

b. Hi¢n twong giao thoa

* Vi tri cac cue dai va cuec tiéu giao thoa
Xét hai nguon két hgp Oy, O,. Phuong trinh dao
dong sang cua chung la:
X(O,) =A, .cos wt

(3.15)
X(O,) = A,.cos wt

Tai M s€ nhan dugc hai dao dong sang ma ham
song co6 dang:
X, = A.cos(mt —2—7[.L1)
(316) Hinh 6-1
X, = A,.cos(amt —77[ L,)

Trong d6 L; va L la quang 16 trén doan duong ry, o.

Bién do sang dao dong téng hop tai M phu thudc vao hiéu pha: Agp = 27”.(Ll -L,)
ctia hai dao dong. Néu Ag = 2kz, nghia 1a L —L, =k.4 thi bién d¢ dao dong sang tong hop
va cudng do sang sé dat gia trj cuc dai. Néu Ap = (2k +1)7 , nghia la: L —L, = (2k +1)% thi

bién d6 dao dong sang tong hop va cuong do sang s& dat gia tri cuc tiéu.
Nhu vy, nhitng diém sang nhat (cuc dai giao thoa) 1a nhitng diém ma tai d6 hiéu
quang 16 ctia hai song bang mot sé nguyén lan budc song.
Li—-L=kA (k=0, £1,£2...) (3.17)

Con nhitng diém t6i nhat ( cuc tiéu giao thoa ) 1a nhitng diém ma tai d6 hiéu quang 16

cua hai song bang mot so6 ¢ lan ntra budc song.

Li— L= (2k +1)§ (k=0, +142.)(3.18)

Hinh dang va vi tri van giao thoa : Ta xét truong hop anh sang truyén trong chan
khong hodc khong khi. Luc d6 vi tri cac cuc dai va cuc tiéu dugc xac dinh boi cac cong thuc :
r,—r, =kA4

3.19
rL—r,=(2k +l)%( )

D3t mot man chin E song song véi 010, va vudng goc v6i mit phang hinh vé, ta s&
duogc hé cic van sang, van t6i. D6 chinh 1a cac giao tuyén cia hai ho mit hypecboloit trén véi
man E. Céc van sang t6i d6 duoc goi 1a cac van giao thoa. Vi thong thudng khoang cach 010,

rat bé nén cac van giao thoa s€ 1a cac doan thang song song cach déu nhau.
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Goi khoang cach tir van sang gitta toi van sang thir k 1a y, khoang cach 00, =1,
khoang cach tir hai khe téi man quan sat bang d. Ké OoH vudng goc voiry . Vi man quan sat
dit xa va 1 nho (11, r>>1) do d6 c6 thé coi O,H vudbng goc v6i bm va O1H ~ rL—r,.

Tirhinh vé ta c6: 1, —r, ~O,H ~I.tane = |.% (6.31)
Vi tri cac van sang dugc tinh bdi cong thire:
-t = % — kA (3.20)

Do do:

y= k./ll—D (3.21)

Vi tri cac van toi dugc xac dinh boi
cong thuc:

LT, =|.%=(2k +1)§ (3.22)

Do do:
y = (2K +1)é—[|) (3.23)

Cac van t6i va van sang xen k&

nhau, khoang cach gitra hai van sang ké tiép la:
I=Yea— Y =(K +l)./1I—D — k.lI—D = /ﬁ—D (3.24) goi 1a bé rong van giao thoa.

5.2.2. Giao thoa cho béi ban méng

a. Van cung do day

Xét mot ban mong c6 bé day thay dbi, duoc chiéu sang bdi mot ngudn sang rong
chiét suét cua ban 1a n. Mot diém O cta ngudn giri dén diém M hai tia : tia OM gui truc tiép
va tia OBCM gui t6i sau khi khic xa & B va phan xa ¢ C. Tir M hai tia d6 s& dap vao mit
ngudi quan sat. Nhu vay tir mot ngudn O, c6 hai song anh sang tach ra rdi gap nhau tai M. Do
d6 ta quan sat thiy van giao thoa ngay trén mit ban. Giira hai tia giao thoa c6 hi¢u quang 16

bang :
L1—L2:OB+n(BC+CM)—(OM+%)

S6 hang % xuét hién do tia OM phan xa tai M. Ké BR vudng goc véi OM. C6 thé coi OM —

OB =~ RM. Do do L1-L2zn(BC+CM)—RM—%
Goid 1a bé day cua ban tai M, 11 1a goc tdi, iz 1a goc khuc xa, ta co:
RM = BM sini; = 2d.tgi, Siniy
d

Mait khac: BC=CM= -
Cos|,
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2nd

cosi,
Bién d6i luong gidc ta duoc: L, —-L, =2d, /nz —sin’i, _g

Vi rang con nguoi cua mat nho cho nén mat chi nhin dugc nhiing tia nghiéng it doi

Do do Li-L>= — 2dtgi,.sini, —%

v6i nhau. Do d6 trong cong thire trén i; coi nhu khong doi va hiéu quang 16 chi phy thudc bé
day d ctia ban. Vi nhitng diém cung bé day d thi hiéu quang 16 nhu nhau va tai cac diém do6
cuong do sang gibng nhau. Nhitng diém Gng vdi bé day sao cho Ly — Ly = kA s& 13 vi tri cua
’ A ’ \ ~ <R ’ 7t 1A B l ~ 12 . r 7

cac van sang, con nhiing diém trng vdi bé day sao cho Ly — Ly = (2k+1) 5 s€ 1a vi tri cua cac
van t6i. Mdi van tmg voi mot gia tri xac dinh cta bé day d, vi vay cac van nay duoc goi la cac
van cung do day.
b. Vin cua ném khong khi

Ném khong khi 1a mot 16p khong khi hinh ném, gidi han gilra hai ban thuy tinh dat
nghiéng nhau mét goc a nho. Zl , ZZ la hai mat cia ném, CC’ 1a canh ném. Roi mdt
chiim sang don sic song song vudng goc véi mit ZZ . Xét tia OI ctia chum. Tia do6 di vao

ban thay tinh G1. Pén M né tach thanh hai: mot phan phan xa tai M, con mdt phan truyén qua
ném khong khi, phan xa trén mat ZZ , tr& vé M va 16 ra ngoai theo dudng MIO. Nhu vay tai
M s€ c6 sy gap nhau cua hai tia phan xa trén hai mat ném. Vi tor mot tia tach ra nén hai tia do
13 hai tia két hop. Két qua 1a trén mat Z ., cuaném s€ quan sat dugc cac van giao thoa.

Vi so v6i tia OIML, tia OIMKIO phai di thém mdt doan 1a 2d (d 1a bé day ctia ném khong khi

tai M), do d6 hiéu quang 10 cia haitiala: L;—-L,=2d+ %

s A - S Y ST U ,
Phan 5 la do phan xa trén mat Z , gdy ra. Nhimg diém t6i thoa man cong thirc:

Li-Ly=2d+ 2 = (2k+1) 2
2 2 O

Do do:

d= ki
g gy

Vi cac diém ma tai d6 be (?éy d cta M
16p khﬁflg khi c6 gia tri khong doi 1a mot d
doan thang song song v&i canh ném, do do c a
cac van tdi 1a nhirng doan thing song song | G, K | Zz

v6i canh ném. Ngay tai canh ném (d=0) 1a
mot van toi.
Nhitng diém sang thoa méin cong thic:

L1—|_2:2d+§:kﬂ
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Do do: d=(2k-1) %

Céc van sang cling 1a nhitng doan thang song song vdi canh ném va nam xen k& voi
nhirng van toi.

c. Van tron Niuton

Dit mot thau kinh 161 1én mot tAm thiy tinh phang. Lép khong khi gitta thau kinh va
ban thuy tinh 1a mot ban mong co bé day thay doi. Roi 1én thdu kinh mot chum sang don sic
song song va vuong goc voi ban thuy tinh. Tuong tu nhu ném khong khi, tai mat cong cua

thau kinh s€ c6 sy gap nhau cua céc tia phan xa va s€ quan sat dugc cac van giao thoa.

Nhitng diém g v6i bé day cta 16p khong khi: d = k% s& tao thanh cac vén tHi.

Con nhitng diém tGng véi bé day cua 16p khong khi: d = (2k — 1) % s€ tao thanh céc

van sang.

Do tinh chat d6i xtng nén cac van giao thoa 1a nhitng vong tron c6 tdm tai C. Cac
van d6 duogc goi 1a cac van tron Niuton. Ta tinh ban kinh cua vén t6i thir k. Goi ry 1a ban kinh
van t6i thir k, ta co:

rk2 =R? -(R _dk)2

Trong d6 R 14 ban kinh cong cta thdu kinh, dy 1a bé day cua 16p khong khi tai van tbi
thir k. Vi dg <<R, do dé: 7 ~2Rd,

Tai van tdi thit k, ta c6 dy = K % do dé:

r. =JRA~k
Nhu vy, ban kinh ctia cac van t6i ti 1 véi can bac hai ciia cac s6 nguyén lién tiép.
5.5. Nhiéu xa anh sang I
X P A ;
5.3.1. Nhiéu xa song cau N

a. Biéu thivc ciia dao dgng sdng tai M ‘

Gid st phuong trinh dao dong
sang clia nguon O a:

X=a.cosat (6.37)

Lay mit kin S bao quanh O, dS Ia d_ B

mot dién tich nhé trén mat kin. Goi ry, I

lan luot 14 cac khoang cach tir dS dén O va
dén M.

Céc diém trén dS déu nhan dugc anh sang tir ngudn O giri téi, do d6 dS co thé coi la

nguon thir cap. Mit khac, theo nguyén 1y Frenen, dao dong sang tai dS s& c6 dang:

dx(dS) = a(dS).cos a(t —\r—/l) (6.38)

73



Trong d6: a (ds ) 12 bién d6 dao dong sang do ngudn O giy ra tai ds.
Dao dong sang do dS gay ra tai M la:
rn+r

dx(M) =a(M).cos o(t — v

)(6.39)

Trong do6: a (M) la bién d dao dong sang do dS gay ra tai M.

Néu dS cang 16n thi a(M) cang 16n. Néu ry, 1, cang 16n thi a(M) cang nhé. Ngoai ra,
a(M) con phu thudc cac goc nghiéng 6,0 cia cac tia ON va NM véi phap tuyén NN ciia dS.

Viy ta c6 thé dit:
A(6,,0).dS
a(M) = 200085 ¢ 4
172
Trong do: A 1a mot hé sb phy thuoc 6, ,60
Dao dong sang tong hop tai M la:
INCX)
x=[dx(M) = { A.60) cos oot — 12 ds (6.41)
& b V

Trong do, tich phan thuc hién theo ca mat kin S.

Viéc tinh tich phan twong dbi phirc tap. Tuy nhién, chi can tinh cudng d6 sang tai M
ttrc 14 chi can biét bién d6 dao dong sang tong hop tai m nén trong mot sd trudng hop, Frenen
da dua ra mt phuong phap giup ta tinh todn mot cach don gian hon.

b. Phwong phdp déi ciau Frenen

Pinh nghia va tinh chat cua ddi cau Frenen: Xét mot nguon diém S va diém dugc

chiéu sang P. Dung mdt mat cau bao quanh S, c6 ban kinh r < SP. Pat PBo =b, Tt P lam tam

ta v& cac mat cau z z z ... €O ban kinh lan luot 13 : b , b+§,b+2%... Trong d6: A
0 1 2

la budc song cua dnh sang do ngudn S phat ra. Cac mat cau z z z ... chia mat cau
0 1 2
thanh cac déi goi la cac doi cau Frenen.
Nguoi ta tinh dién tich cua cac dgi cau Frenen thi thady cac dién tich d6 déu bang

nhau va bang:

z
As = ZRD S 6.42)
R+b
Con ban kinh ry cua d6i cau thtr k béng: a
r = RBA p¢ (6.43) trong d6: k =1, 2, 3... '
R+b
Y
Theo nguyén 1y Huyghen, mdi d6i cau co thé coi la
mdt ngudn thir cdp giri anh sang dén P. Goi ax 1a bién do 38
dao dong sang do doi thir k gay ra tai P. Lic k tang 1én thi 2, AS, = mabd
cac déi cau cang xa diém P va goc nghiéng € cang tang, do a+b

do6 theo (6.43) thi lic k tang thi ax giam dan:
a; > ap > az > as...
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Tuy nhién, vi khoang cach tir cac déi cau dén diém P va goéc nghiéng € ting rat
cham, nén cic bién d6 ay giam chim va ta c6 thé coi bién d6 dao dong sang do dai thir k gay

ra tai P bang trung binh cong cua bién do dao dong sang do hai déi bén canh gay ra:

1
a = E (a'k—l + ak+1)

Luc k khé 16n thi ax ~ 0. Chu ¥ 1a khoang cach tir hai doi cau ké tiép t6i diém P khac

/1 . J ’ e A A M A \ A - J ~ \ A 5
nhau — ; trong khi d6, cac déi cau déu nam trén cung mdt mat song nghia 1a pha dao dong cia

cac diém trén moi doi cau déu nhu nhau. Két qua hai déi cau ké tiép s& gay tai M hai dao
dong sang c6 hi€u pha la:
Ap = 277r(|_1 -L,)= 27% =7 (6.44)

Vay hai dao dong sang do hai ddi ké tiép gay ra tai diém P s& nguoc pha nhau, nghia
1a chiing s& khir 13n nhau. Vi P ¢ kha xa mit cau, do d6 dao dong sang do cac déi cau giy tai
P ¢6 thé coi 1a cuing phuong. Goi a 13 bién do dao dong sang tong hop do cac ddi giy ra tai P,
ta co:

a=ar-taz-aytas-ast...
~ Khi nghién ctru nhiéu xa qua 16 tron gy béi nglién diém ¢ gan, nguoi ta da thu duoc
mdt so ket qua nhu sau. Khi khong c6 man P hodc khi 10 ¢6 kich thude 16n thi vi a, =0 nén
cuong do sang tai M la:

2

a
I, =a’ = Tl (6.45)

Néu 16 chira mot so 1¢ doi, cuong do sang tai P 1a:
al

| =(?+a—2“)2 > 1, (6.46)

Neéu 1o chira mdt sO chan déi thi:

a a
| = (2 --2)% <1,(6.47) —_—
2 2 S
Tom lai tai diém M co thé sang hon 1én ) b 3 1)
< L Asoa 11 1A L Ly Anh sing ar< =
hodc t6i di so v6i khi khong c6 man chan tuy .
. . N don sic
theo s6 doi cau, tirc la tuy theo kich thude cua 10t ngudn Man chin Man quan st

tron va vi tri cla man quan sat. & rat xa

5.3.2. Nhiéu xa séng phang

O phan nay, nguyén 1y Huyghen — Frénen s& duoc 4p dung dé nghién ctru hién tuong
nhiéu xa giy bdi cac song phang khi truyén qua mot vat chudng ngai nao dé.
Mot khe hep K co bé rong AB = b. Roi sang khe hep bang mdt chum don sic song song c6
bude song A . Chum song song duoc tao ra bang cach dit mot ngudn diém O tai tiéu diém cia
thdu kinh Lo. Qua khe K cac tia sang nhiéu xa theo nhiéu phuong. Tach cac tia nhiéu xa theo
mot phuong ¢ nao do, chum tia ndy s€ gép nhau ¢ v6 cung. B¢ quan sat hi¢n tuong nhicu xa,

ta dung mdt thau kinh hoi tu L, chum tia nhidu xa nay s€ hdi tu tai diém M trong mat phéng
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tidu ciia hoi tu tai cac diém khac nhau. Tuy theo gia tri ciia ¢, diém M c6 thé sang hodc toi.
Ta xét sy phan b cudng d6 sang trén man quan sat dit tai mit phing tiéu O .

Vi song gui t6i khe 13 song phing nén mit phiang cua khe 13 mot mit song, cac diém
trén mit phang khe c6 cing pha dao dong. Xét cac tia nhidu xa theo phwong ¢ =0 . Theo
dinh Iy Maluyt, quang 16 giita hai mit truc giao (¢ ddy 13 mit phing khe va diém F) thi bang
nhau, do d6 cac tia guri dén F déu c6 cung pha dao dong, cac dao dong cua cac tia ting cuong
1an nhau. Két qua tai F (@ =0) rat sang. Diém sang d6 duoc goi 1a cyc dai gitra.

Pé tinh cudng do sang theo mot phuong ¢ bét ky ta v& cic mit phang ZO ,Zl : ZZ
4 ﬂ, \ A J re \ . <X , - < \ . - <
cach nhau 5 va vuong goc voi chum tia nhicu xa. Cac mat phang nay chia mat phang khe

thanh cac dai. BE rdng cua moi dai la va soO dai trén khe la:

2sing
ne b 2bsing
A12sing A

Theo nguyén 1y Huyghen mdi dai c6 thé coi 1a mot ngudn thir cap giri 4nh sang dén

diém M. Vi quang 16 tir hai dai ké tiép dén diém M khac nhau % , do d6 hai dao dong sang

do hai dai ké tiép gay ra tai M nguoc pha nhau va chiing khir 13n nhau. Két qua néu khe chira
mdt s6 chin dai (n = 2k) thi dao dong sang do timg cip dai ké tiép gy ra tai M s& khir 1an
nhau. Két qua néu khe chira mot sb chin dai (n=2k) thi dao dong sang do ting cap dai ké tiép
gay ra tai M s& khir 1An nhau va diém M s& t6i. Vay diéu kién M tbi 1a:

2bsing

=2k nghia la sin(p=k§ (1)

Trong d0 k= + 1, +2, ... ; ta loai trir gia tri k = 0 vi néu k = 0 thi theo phwong trinh

trén ¢ =0 va lac d6 ta di c6 cuc dai giita. Truong hop néu khe chira mot s6 16 dai (n =2k +

1) thi dao dong sang do timg cip dai ké tiép gy ra tai M s& khtr 1n nhau, con dao dong sang

do dai 1é thir 2k + 1 gy ra thi khong bi khir. Két qua diém M sé& sang. Vay diéu kién dé diém
M séng la:

2bsing

=2k +1 nghia la sing = (2k +1)%

Trongdo k=1,2,3,...,-2,-3, ... Taloaitrr giatrik =0 va k = -1 vi r?mg ung voi

cac gia tri do, singp = i% : cudng do sang khong thé co gia tri cuc dai (khi sinp=0 ta di co
U S A ., o e s A .,
cuc dai gifra, néu véi Sing = i% ta lai co cyc dai thi gitta sSing=0va sing = i%phal co

cyc tiéu. Tuy nhién theo phuong trinh (1) thi cac cuc tiéu dau tién phai tmg voi khi

. A
sinp=+—.
T
Tom lai: sing =0 cb cuc dai gitra.
sin(pzi% : iZ% : J_r3% ... €O cac cuc tiéu nhidu xa.
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singp = i3—;15i : ... €6 cac cuc dai nhiéu xa.
2b 2b

5.4. Phan cuc anh sang
5.4.1. Hién twgng phan cuc anh sang
a. Anh sdng tw nhién

Anh sang tir mot ngudn phat ra ( mit troi, day toc nung do ...) ¢ vecto cudng dd
dién truong dao dong theo tit ca moi phuong vudng goc véi tia sang. Anh sang c6 vecto
cuong do dién truong dao dong déu dan theo moi phuong vudng goc voi tia sang dugc goi 1a
anh sang tu nhién.

Pé biéu dién 4nh sang tu nhién, ngudi ta v& trong mit phang vudng goc véi tia sang

cac vecto cuong do di¢n truong co tri s6 bang nhau phan bé déu dan xung quanh tia sang.

b. Anh sdng phin cuc

Anh sing c¢6 vecto cudng do dién trudong chi dao dong theo mot phuong xac dinh
duoc goi 13 4nh sang phan cuc thiang hay anh sang phan cuc toan phan.

Mit phang chira tia sang va phuong dao

dong cua vecto E duoc goi 1a mat phang dao dong , T T T T T T T T T
con mit phang chua tia sang va vudng goc véi mat

phang dao dong duge goi la mét phang phan cyc. l l l l l l l l l

Anh sang c6 vecto cudong do dién truong
dao dong theo moi phuong vuong goc voi tia sang, . .
e P g £8 £ Hinh 6-4: Anh sang phan cuc toan phan
nhung c¢6 phuong dao dong manh, c6 phuong dao
dong yéu duoc goi 14 anh sang phin cuc mot phan.

Anh sang tu nhién c6 thé coi 13 tp hop cua vo sb anh sang phan cuc toan phan dao

dong déu dan theo tt ca moi phuong vudng goc véi tia sang.

c. Phan cuc danh sang do phdn xa va khiic xa

Thi nghiém chtng to rang hién tugng phan cuc dnh sang ciing xay ra khi anh sang
phan xa hodc khic xa trén mat phan cach hai méi truong. Mot tia sang tu nhién dén dap lén
mat phan cdch hai moi truong dudi goc toi i, mot phﬁn tia s€ bi phan xa lai moi truong mot,
con mot phan khiic xa vao trong mdi truong hai.

Nho ban tualamin, ta thay tia phan xa 1a 4nh sang phan cuc mot phan, theo phuong
vuong goc voi mat phéng tdi thi vecto cuong do dién truong cd bién d§ dao dong cuc dai. Tia
khiic xa ciing 1a anh sang phan cyc mot phan va trong mit phang t6i vecto E c6 bién do dao
dong cuc dai.

Khi thay d6i goc t6i i, nguoi ta thay mirc o phan cuc cla tia phan xa ciing thay doi.
Luc goc tdi i thoéa man dicu kién: tgiz =n,,
thi tia phan xa tro thanh tia phan cuc toan phan, npy 14 chiét suat ti di cia moi truong hai ddi
voi moi truong mot, i, goi la goce tdi Briuto.
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Chu ¥ rang: Cac tia khuc xa khong bao gio 1a anh sang phan cuc toan phan. Tuy lic
I= Iy , tia khac xa ciling bi phan cuc manh nhéat.

d. Phén cwe do lwing chiét

Thyc nghiém chimg t6 ring & mot sb tinh thé nhu bang lan, thach anh... co tinh chat
dic biét 1a néu chiéu mot tia sang vao d6 thi néi chung ta s& duoc hai tia. Hién tuong d6 goi la
hién twong phan cyc do ludng chiét va 1a mot trong nhitng hién tuong thé hién tinh bat dang
hudng cia tinh thé vé mit quang hoc.

Thuc nghiém cho biét trong tinh thé c¢6 mot phuong dic biét ma khi truyén theo do
thi tia sang khong bj tach thanh hai. Phuong dic biét y goi la quang truc cta tinh thé. D6 1a
phuong tmg v6i dudng chéo aa; ndi lién hai dinh Gng voi ba goc ta 101° 52°. Bat ky duong
thang nao song song vi AA; ciing 1a quang truc cta tinh thé ca.

Chiéu mdt tia sang ty nhién vudng goc vi mat ACA1C; cua tinh thé. Khi di vao tinh
thé, tia sang tach thanh hai:

+ Mot tia truyén thang khong bi 1éch goi 1a tia thuong. Tia thudong cé cudng do dién

truong nam trong mit phiang chinh cua

nd (mit phang chira quang truc va tia bat AL ©
N 5 \
thuong). /

+ Mot tia di léch khoi phuong "% t
) YYwy

truyén ban dau goi la tia bét thuong. Tia  shién |

bat thuong c6 vecto cudng do dién
trudng vudng goc mot mit phang dic biét
goi 14 mit phang chinh cua tia sang .

Néu anh roi vao tinh thé 1a 4nh . N 7 Tia
sang tu nhién thi cudng do cua tia thuong Quangtrc )
va tia bt thuong nhu nhau, con néu anh Pl 6-5: S e & saig a8 bing e
sang roi vao la anh sang phan cuc thi cuong do cua hai tia phu thudc vao géc « gilta mat
phing téi va mat phang chinh:
Thay ddi goc tdi i ciia tia dap 1én mit abed, do goc khuc xa cia tia thuong (i, ) va
ctia tia bat thuong (ie) , nguoi ta nhan thay, dbi véi tia thuong:
sini
sini,

=n, = const (6.48)

Trong do: n, la chiét suét cua tinh thé dbi véi tia thuong.
D6i véi tia bat thuong:
ﬂ =n, # const (6.49)
sini,
Trong d0: ne 13 chiét suit cua tinh thé dbi véi tia bt thuong, né phu thude vao goc
tdii.
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Thyc nghiém ching to rang, van tdc ciia tia bat thudng theo phwong song song véi
quang truc 1 cuc tiéu, theo phuong d6 ve = Vo , con theo phuong vudng goc voi quang truc ,
Ve c6 gia tri cuc dai.
V, >V, (6.50)

Chiét suat ty 1¢ nghich véi van tc, do do: n, <n_(6.51)
5.4.2. Pinh luat Maluyt

Thyc nghiém chimg té rang ban Tuamalin day khoang I1mm tré 1én chi cho qua
nhitng 4nh sang nao cé vecto cudng do dién trudng nam trong mot mit phang xac dinh, d6 1a
mat phang chira mot phuwong dic biét (goi 1a quang truc cua tinh thé) va tia sang. Con cac anh
sang c6 vecto E vudng goc véi miat phang trén s& khong di qua ban. Trong trudng hop ban
tuamalin c¢6 quang truc song song v&i canh AB, con tia sang chiéu vao vudng goc voi mit
ABCD cua ban, vi anh sang la sébng ngang nén tia sang sau ban tuamalin c6 vecto Esong
song v&1 quang truc cua ban.

Vi tinh d6i xtng ctia anh sang ty nhién xung quanh phwong truyén, nén néu ta quay
ban tuamalin xung quanh tia sang thi & vi tri ndo cta ban ciing c6 4nh sang truyén qua. Anh
sang d6 1a anh sang phan cuc toan phan.

Lay mot ban tuamalin T, (ban T dat sau ban T1). Goi  1a goc giira hai quang truc.
Do tinh chét cua ban tuamalin, bién d6 dao dong sang sau ban T, 1 :

a, =a,.cosa

Cuong do sang sau ban Ty sé& 13 I, =a =1.cos’a (*)

Trong d6 1, =a’ la cuong do sang sau ban T1. Nhu vy, néu giit ¢6 dinh ban T; va
quay ban T, xung quanh tia sang thi I, s& thay d6i. Luc hai quang truc song song voi nhau thi
I2 = Iomax = l1. Con lac hai quang truc vuong géc vdoi nhau thi Ip = lopmin = 0. Ty duoc goi la
kinh phan cuc, T duoc goi la kinh phan tich.

Cong thuc (*) o trén biéu dién mot dinh luét goi 1a dinh luat Maluyt: Khi cho mdt
chum tia sang ty nhién roi qua hai ban tuamalin c6 quang truc hop v&i nhau mdt goc « thi
cuong do sang nhan dugc ti I€ voi cos’ & .

Dung mot ban tuamalin ta c6 thé phan biét duge chum sang 1a anh sang ty nhién hay
anh sang phan cuc. Dt ban tuamalin trén dudng di cla tia sang, néu tia sang 1a anh sang tu
nhién thi khi quay ban tuamalin, cudng d6 sang sau ban khong thay d6i, con néu tia sang 1a
anh sang phan cyc thi khi quay ban tuamalin cudng do sang sau ban sé& thay di.

5.5. Co sé cua quang hoc lwgng tir
5.5.1. Thuyét lwgng tir ciia Pling

a. Sw thét bai ciia thuyét séng dnh sdng trong vigc gidi thich hién twong birc xa nhiét

Xuét phat tir quan niém cua vat 1y kinh dién coi cic nguyén tir, phan tir phat xa hodc
hép thu mot cach lién tuc, trén co so 1y thuyét burc xa dién tir ¢d dién, Reelay va Ginx da tim

dugc biéu thirc sau day ciia ham pho bién:
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f(v,T)_ZZV kT (7.1)

Trong d6 kp=1,38.10%° J/K 1a hing s6 Bonxman.
Tir biéu thirc d6, c6 thé tinh duoc ning suit phat xa toan phin ctia mot vat den tuyét
doi:
R(T) = [ f(v.T).dv=c (7.2)
0

Két qua dan t6i mot dai luong vo cung 16n, d6 13 bé tic ciia quan niém vat Iy c6 dién
vé phat va va hap thu ning luong dién tu.

b. Thuyét lwong tir ciia Pling

Noi dung thuyét:

- Céc nguyén tir , phin tir phat xa hay hap thu ning luong ctia birc xa dién tir mot cach
gian doan: phan ning luong phat xa hay hap thu ludn 13 bdi s6 nguyén ciia mot luong ning
lugng nhé xac dinh goi la lugng tir nang luong hay quan tum nang lugng:

- Pbi voi mot bire xa dién tir don sic tan s v, bude song A lugng tir nang lugng tuong

g bang:
c
E=hv=h— (7.3
2 (7.3)
trong d6: h = 6,625.10'34j.s 13 hang s6 Pling.

- Biéu thirc ctia ham phd bién f(v,T), trc 1a ning sudt phat xa don sic cia vat den

tuyét doi:

22 hy
fv,T) =" (7.4)
kT

e® -1

la cong thic Plang.
c. Cac dinh ludt birc xq ciia vt den tuyét doi
Tir cong thire Pling, ta ¢6 thé suy ra nhitng hé qua quan trong dién ta cac quy luat
phat xa cua vat den tuyét ddi.
Ning suit phat xa toan phan ctia vat den tuyét ddi:

2mV2 hv

R(T) = _[f(vT)dv j dv (7.5)
e"BT -1
Thuyc hién phép d6i bién sé:
v
koT
2ky T 7 x3.dx
Ta duogc: R(T) = oT* (7.6
4 uee ()= c .h3 J.ex—l (7.6)

0
trong d6: o =5,67.10° w/m”.k*
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Ning suat phat xa toan phin
cia mot vt den tuyét dbi ty 16 véi lity
thira bac bdn cua nhiét do tuyét ddi caa
vt 4y.

Néu ta tinh dao ham cua (v,
T) theo v thi thdy dao ham nay triét
ti@u tai mot gia tri ddc biét vy, cua tan
sO v nghia la mot gid tri dac biét A

cua budc song A cua buc xa di¢n tu . N . .
Hinh 7-1: Sy truyén séng phang anh sang
sao cho:
A, T =b(7.7)
b = 2,898.10° m.k goi 1a hiang s Vin.
* Pinh luat Vin: Déi v6i vat den tuyét ddi, bude song A, cua chum btrc xa don sic mang
nhiéu ning hrong nhét ty 1¢ nghich v&i nhiét d6 tuyét ddi cua vat.

5.5.2. Thuyét photon Anhxtanh

Thuyét Iwong tir ctia Pling d4 néu 1én quan diém hién dai vé nang luong:

Niang lugng dién tir phat xa hay hdp thu c6 nhiing gia tri gian doan: chiing ludn 1a boi s6
nguyén cta luong tr ning luong e, ta ndi ring ning lwong dién tir phat xa hay hép thy bi
luong tir hoa. Nhung thuyét lugng tir cia Pling chua néu 1én ban chat gian doan cua bic xa
dién tir. Pén nam 1905, Anhxtanh dua trén thuyét luong tir vé ning luong cua Pling da néu
1én thuyét luong tir 4nh sang.
* Thuyét photon ciia Anhxtanh

- Burc xa dién tir cAu tao boi vo sb cac hat goi la lwong tir anh sang hay phdton.

- V6i mdi birc xa dién tir don sic nhit dinh, cac phdton déu giéng nhau va mang mot

ning luong xac dinh bang :

C
E=hv=h—(7.8
S (78)

- Trong moi moi trudng (va ca trong chan khong) cac phdton truyén di ciing van tdc:
¢ =3.10% m/s.
- Khi mdt vat phat xa hay hép thu buc xa dién tur thi c6 nghia 1a vat do phat hay hép thu
cac photon.
- Cudng d6 clia chim birc xa ti 18 voi sb photon phat ra tir ngudn trong mot don vi thoi
gian.

5.6. Hién twgng quang dién
5.6.1. Hién twgng quang di€én ngoai

Hién tuong quang dién 1a hiéu Gmg ban ra cac electron tir mot tAm kim loai d6 mot
birc xa dién tir thich hop, cac electron ban ra dugc goi la cac quang electron.
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C6 thé nghién ctru thie nghiém hién twong quang dién bang mot so do thi nghiém bd
tri nhu hinh vé& trong d6 phan tir cha yéu 1a mot té bao quang dién.
Khi doi mdt chum birc xa dién tu thich hop vao catdt cua té bao quang dién thi trong mach
xuét hién dong quang dién tré boi dién ké G. Thay doi hiéu dién thé U giita an6t va catdt ta
duogc dd thi dong quang dién nhu hinh v&.

Qua db thi ta nhan thay rang:

Ban dau cuong d6 dong quang dién tang theo hiéu dién thé U; khi ting dén mot mic

dd nao do6 cuong do dong quang dién dat téi mot gia tri khong
d6i goi 1a cudng d6 dong quang dién bdo hoa.

Ngay khi hiéu dién thé U = 0, cudong d6 dong quang dién van
co giatri I, #0 . Diéu nay chirng to rang cac quang electron

s 1% 9 e A ~ r T A - A 1
khi ban ra khéi katot da c6 san dong nang ban dau 3 mv? .

C6 thé triét tiéu dong quang dién bang cach tac dung 1én hai cuc cua té bao quang
dién mot hiéu dién thé nguoc (goi 1a hiéu dién thé can) Uc : hiéu dién thé can cé gid tri sao
cho cong can cua dién truong bang dong ning ban dau cuc dai clia quang electron:

5.6.2. Hién twgng quang dién trong

Khi ban dan tinh khiét dugc chiéu bang chum anh sang c6 bude song thich hop, thi
mot sb electron lién két trong ban din co thé bit ra khoi cac nguyén tir ban din va chuyén
dong tu do trong khdi ban dan do. Déng thoi, c6 mot sb lugng nhu vay céc 16 tréng duoc tao
ra va tham gia vao qua trinh dan dién. Hién tuwong tao thanh cac electron din va 1 tréng trong
ban dan, do tic dung cia anh sang c6 budc song thich hop, goi la hién tuong quang dién
trong.

Mudn gy duoc hién twong quang dién trong thi anh sang kich thich phai c6 budc
séng nhd hon hodc bing mot gid tri A, , goi 1a gidi han quang dién ctia ban dan.

5.6.3. Ung dung ciia hién twong quang dién

a. Quang dién tro

Quang dién tr¢ dugc ché tao dua trén hiéu ung quang dién trong. D6 1a mot tAm ban
dan c6 gia tri dién tro thay doi khi cuong dd chium sang chiéu vao né thay doi.
Khi trén 16p ban dan chua c6 4nh sang roi vao, trong mach c6 mot dong dién nho goi 1a dong
t6i. No phu thudc vao dién tré thuan cua quang dién tré va vao hiéu dién thé dat vao hai dién
cuc. Khi ta roi sang 16p ban din, cuong do dong dién qua né phu thudc cudng do chum sang
va hiéu dién thé giita hai dién cuc.

Quang dién tro thuong duoc lap v6i cac mach khuéch dai trong cac thiét bi didu

khién bang anh sang, trong cac may do anh sang.
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b. Pin quang dién

Pin quang dién 14 ngudn dién, trong d6 quang ning dugc bién doi tryc tiép thanh dién
ning. Hoat dong cua pin dua trén hién twong quagn dién trong ciia mot so chat ban din nhu
déng oxit, sélen, silic...

CAu tao cua pin quang dién gdm mdt tAm ban dan loai n, bén trén c6 phu mdt 16p
mong ban dan loai p. Mt trén cing 13 mot 16p kim loai mong trong sudt voi anh sang va dudi
cung 1a mot dé kim loai. Cac 16p kim loai nay dong vai tro cac dién cuc. Lop tiép xtic p — n
duogc hinh thanh gitra hai ban dan.

Khi anh sang c6 budc song thich hop chiéu vao 16p kim loai mong & trén cung thi
4nh sang s& di xuyén qua I6p nay vao 16p ban dan loai p, gy ra hién tuong quang dién trong
va giai phong ra céac cip electron va 15 trong. Dién trudng & 16p chuyén tiép p — n day cac 16
trong vé phia ban dan loai p va day cac electron vé phia ban dan loai n. Do d6, 16p kim loai
mong trén 16p ban dan loai p s& nhiém dién duong va tré thanh dién cuc duong cta pin, con
dé kim loai du6i ban din loai n s& nhiém dién 4m va tré thanh dién cuc 4m. Suat dién dong
ctia pin quang dién thuong c6 gia tri 0,5V dén 0,8V.

Pin quang dién da tr& thanh ngudn cung cdp dién ning cho cac ving sdu, ving xa &
nudc ta, trén cac vé€ tinh nhan tao, con tau vii try, trong cdc may do anh sdng, may tinh bo

tui...
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BAI TAP

Bai 1: Trong thi nghi¢ém khe Tang, hai khe hep cach nhau 2,8mm. Man quan sat dat cach hai
khe hep 80cm, khoang cach giira hai van sang lién tiép trén man 1a 0,14mm. Tim budc song
anh sang? Vi tri ca van tdi thir 32
(A = 0,49um; x5 = 0,35mm)
Bai 2: Trong thi nghiém khe Iang, hai khe hep cach nhau 2mm. Man quan sat dat cach hai khe
13 0,60m. Budc song ctia anh sang 1a 0,64um. Tim khoang cach tir van sang thtr 2 dén vén toi
thar 5?
(0,48mm)
Bai 3: Trong thi nghiém khe Iang, 2 khe hep cach nhau 3mm. Khoang cach gitra man quan sat
t6i 2 khe hep la 50cm. Khoang cach tir van sang thir nhat dén van sang thtr 5 (hai van nam
cung phia so véi van sang trung tam) la 0,44mm. Tim budc séng anh sang? Vi tri van sang
thtr 3? Vi tri van t6i thtr 22
(A =0,66pm; 0,33mm; 0,165mm)
Bai 4: Khoang cach giita hai khe trong may giao thoa Iang | = Imm. Khoang cach tir man
quan sat téi mat phang chira hai khe D = 3m. Khi toan by hé thong dit trong khong khi.
Nguoi ta do duoc khoang cach giita hai van sang lién tiép i = 1,5mm.
a. Tim budc song cua anh sang toi.
b. Xac dinh vi tri ctia van sang thir 3 va vén tdi thi 4.
c. bat trudc mot trong hai khe sdng mot ban mong phang c6 hai mit song song, chiét suit
n=1,5, bé day e = 10 pm. Xac dinh do dich chuyén cua hé thong van giao thoa trén man quan
sat.
(a. A = 0,5um; b. ys3 = 4,5mm, yu = 5,25mm; c. [Ay| = 1,5cm)
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Chuong 6: Co Sé Cia Co Hoc Lugng Tir - Vat Ly Nguyén T
va Hat Nhan

6.1. Lwong tinh song — hat ctia vi hat
6.1.1. Luwdng tinh séng hat ctia Anh sang

Nhu di biét, anh sang vira co tinh chit song vira co tinh chat hat. Tinh chét song
duogc thé hién 16 trong cac hién twong nhu giao thoa, nhidu xa... con tinh chat hat thé hién rd
rét trong cac hi€n tuong quang di€n, Kongton...ludng tinh séng hat cua anh sang da dugc
Anhxtanh néu Ién trong thuyét luong tir 4nh sang . Theo thuyét nay, anh sang cau tao boi cac
hat photon, mdi hat mang ning lugng:

W =hv (7.9)

Va c6 dong lugng bang :
h
=—(7.10
p=—(7.10)

Nhirng dai lugng dic trung cho tinh chat hat (W, p) va cho tinh chit song (v, 1) cta
anh sang lién hé truc tiép v6i nhau.

Trén co s cac biéu thirc ndy, ta ¢ thé biéu thi ham song phang anh sang qua ning
luong va dong lugng cua hat photon tuong ing vai song do.

Gia st ta xét mot chum anh sang don sic song song. Cac mit song 1a cac mat phang
vudng goc voi tia sang. Nhu vay, su truyén chum anh sing song song don sic c6 thé xem nhu
su truyén nhitng séng phing don sic.

Néu dao dong sang tai O 1a: acos2avt (trong d6 v 1a tan sé dao dong sang) thi biéu thirc cta
dao dong sang tai moi diém trén mat song di qua M cach mat song di qua O mét doan d, cé

dang:
d d
a.cos2av(t ——) = a.cos 2z (vt — z) (7.11)
c

fr TN oA A A s . A A Cc .. o .
Vi ¢ 1a van toc truyén anh sang trong chan khong , 4 =— la budc séng cia anh
\"

sang. Nhung vi OM=r, do do:
d=r.cos @ =r.n (voi n 1a vecto phap tuyén don vi nam theo phwong truyén song).

Biéu thirc trén c6 thé viét dudi dang:

- —

a.cos2z(vt— %) (7.12)

Biéu thirc nay la biu thitc dao dong sang tai moi diém trén cing mat song di qua M,
cho nén nguoi ta goi nod 1a biéu thirc cua song phang anh sang don sac hay ham séng phang
don sdc cua anh sang.

Trong phép biéu dién phirc:

—27.t-"
Y =ae 4°(7.13)
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Khi biéu thi v, A qua w va p tuong tmg, ta co:

,l_(Wt,B_F

)
VY=ae?" (7.14)
. h _
Véi h=—=10510%*Js
V4
Khai niém vecto séng kK:la mdt vecto nam theo phuong chiéu truyén song va co tri
A 2 Py L Loox 1 . 2 L LA LA
sO k =—. Khido taco: p=nk vaham song phang don sac con co thé vict:

Y =ae (N (7.15)

6.1.2. Lwdng tinh song hat cta vi hat

Trén co s ludng tinh song hat ctia anh sang, Pobroi di suy rong tinh chat d6 ddi véi
electron va sau d6 doi véi moi vi hat khéc:
Gia thuyét Pobroi phat biéu: Mot vi hat tu do ¢6 ning luong xac dinh, dong luong
xac dinh twong tmg voi mot song phang don sic xac dinh:
- Nang luwong cta vi hat lién hé véi tan sb dao dong cta song twong tmg theo hé thic:
W =hv =h.wo (7.16)
- Pong luong B cua vi hat lién h€ véi budce song A cua song tuong g theo hé thirc:
p= % © p=hk(7.17)
Tinh chit song va tinh chat hat ctia cac vi hat 1a hai mat dbi lap, biéu hién sy mau
thuin bén trong cua déi twong vat chat do.

6.2. Hé thirc bat dinh Haidenbec (Haisenberg)
6.2.1. Noi dung

Quy luét van dong cta cac vi hat trong thé giéi vi mé khac véi quy luat van dong cua
cac hat trong thé giéi vi mo. Mot diém thé hién su khac biét d6 1a hé thirc bat dinh Haidenbec.
Dé tim hé thuc d6 ta xét hién tuong nhiéu xa ctia chum vi hat qua mét khe bé rong b.

Sau khi qua khe, hat bi nhiu xa theo
nhiing phuong khic nhau. Tuy theo gid tri ciia goc é
nhiéu xa ¢ , mat d§ chum hat nhiéu xa trén man s€

cuc dai hodc cuc tiéu (bfmg khong).

Ta hay xét vi tri ciia hat trong khe. Dé don

gian ta xét toa do cua hat theo mot phuong x nam

trong mit phang cua khe, song song véi chiéu rong

ctua khe. Toa d§ x cua hat trong khe s& c6 gia tri

trong khoang tir 0 dén b:

“\/

NOiI cach khac, vi tri cua hat trong khe Hinh 7- 2: Nhidu xa ciia chiim vi hat

duoc xac dinh voi do bat dinh:
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AX ~ b (7.18)
Sau khi qua khe, phuong dong lugng _p; cua hat thay doi. Hinh chiéu _F; theo phuong
x s& ¢6 gia tri thay d6i trong khoang :
0<p, < psing, (7.19)

Nghia 1a sau khi qua khe, cac hat c6 thé roi vao cuc dai giita hodc cuc dai phu. Cho
nén p, dugc xac dinh véi do bat dinh ndao d6. Hinh chiéu py duoc xéac dinh v6i do bat dinh
nhé nhat (Ap, nho nhit), ung véi truong hop hat roi vao cuc dai giita nghia la:
Ap, ~ p.sing,).

\ 4 Ia 7. R ’ X . 2/
@, 1a géc ung véi cyc ticu thir nhat: sing, = b
Nhu vay: AXAp, = p.A(7.20)

Theo gia thiét Pobroi: p = % , do d6 (7.20) dugc viét lai:

AX.Ap ~h(7.21)
Tuong tu: Ay.Ap,~h
Az.Ap,~ h (7.22)

D6 1a cac hé thic bat dinh Haidenbec, 1a mot trong nhirng nguyén 1y co ban cta co
hoc Iugng tir. C6 truong hop ngudi ta viét hé thirc (7.21) dudi dang:
AXAp, =7 (7.23)

H¢ thirc nay chirng té vi tri va dong luong ctia hat khong dugc xac dinh déng thoi. Vi
tri cua hat cang xac dinh thi dong luong cua hat cang bat dinh va nguoc lai.

Chi ¥ rang: Hé thirc bat dinh Haidenbec ap dung cho cac hat vi md thé hién tinh
khong xéac dinh déng thoi cua vi tri va dong luong, nhung néu ap dung vao cac hat vi mo, h¢
thirc d6 chirng t6 vi tri va dong luong lai dugc xac dinh déng thoi.

Ngoai cac hé thirc bat dinh trén, trong co hoc lwong tir ngudi ta con tim dugc hé thic
bat dinh gitta ning lwrong W va thoi gian t:

AW At ~ h(7.24)

Hé thirc nay tuong ty nhu cac hé thirc bat dinh Haidenbec cho nén dugc goi 1a hé
thirc bt dinh ddi voi ning luong.

Tuy nhién ¥ nghia cta né khac han y nghia cua hé thirc bit dinh giita toa do va dong
luong. Toa dd va dong luong cua vi hat khong thé duoc xac dinh d@)ng thoi, nghia 1a chung
khong ddng thoi co gia tri xac dinh & mot thoi diém. Phuong trinh trén con c6 ¥ nghia 1a: Néu
ning luong ctia hé & mot trang thai nio d6 cang bat dinh thi thoi gian dé hé ton tai ¢ trang thai
doé cang ngén va nguoc lai, néu nang lugng cua hé & mdt trang thai nao d6 cang xac dinh thi
thoi gian ton tai & trang thai d6 cang dai.

6.2.2. Y nghia triét hoc ciia hé thirc Haidenbec
Theo phép bién chimg duy vat, hé thic bit dinh Haidenbec ndi 1én tinh khach quan

cua sy van dong trong thé gidi vi mo , do 1a ludng tinh song hat cua vi hat. HE thuc bét dinh
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nay la mot biéu thirc toan hoc cho ta biét gi61 han ing dung cua co hoc ¢ dién ma khong han
ché kha ning nhan thic cia ching ta vé thé giéi vi mo. No6i cach khac khong thé ding cac
khai niém cd dién dé mé ta quy luat vin dong cta cac vi hat.

Theo co hoc ¢b dién, néu biét toa do va dong lugng cua hat & thoi diém ban dau thi ta
c6 thé xac dinh trang thai cia hat ¢ cac thoi diém sau. Nhung theo co hoc lugng tir, toa d§ va
dong lwong cua vi hat khong thé duoc xac dinh dong thoi, cho nén viée xac dinh vi hat & mot
trang thai ndo d6 khong thé 1am gidng nhu co hoc ¢6 dién ma chi ¢ thé doan nhan kha ning
vi hat & mot trang thai nhat dinh. No6i cach khéc, vi hat chi c6 thé & mot trang thai voi mot xac
sudt nao d6. Do d0, quy ludt van dong cua vi hat tuan theo quy luat thong ké.

6.3. Ham séng

6.3.1. Ham song

Van dong cua hat trong thé gidi vi mo tuan theo quy luat thong ké. P& mo ta trang
thai ctia vi hat co hoc lugng tir dung khai niém mo1i, do 1a ham séng .

Theo gia thuyét Pobroi , chuyén dong cta hat tu do (hat khéng chiu tac dung cua
ngoai luyc) duoc mé ta boi ham song twong tu nhu song phang anh sang don séc:
L wi—p) -
v=pee | =y,e 0 (7.25)

Trong do6 bién d¢ y, cua ham song dugc xac dinh boi:
2 2 *
vo =lw| =y
v’ 1a lién hop phirc ciia i .

Ham séng (7.25) duoc goi 1a ham song Pobroi . Con nodi chung dbi véi cac hat vi mod
chuyén dong trong truong thé , ham soéng ciia né 1a mét ham phirc tap cua toa do r va thoi
giant:

w(rt) =y (xy.2.0).
6.3.2. Y nghia thong ké ciia ham séng
Binh phuong bién do song |l//|2 tai M dic trung cho kha ning tim thy hat trong don
vi thé tich bao quanh M. Ta goi |l//|2 12 mat do x4c suit (xac suét tim théy hat trong don vi thé
tich).
Nhu vy xac suit tim thay hat trong thé tich bat ky dv s& 1a : |!,//|2 .dV va xac suét tim
thiy hat trong toan khong gian 1a :

m | .dv (7.26)

Khi tim hat trong toan khong gian , ching ta chic chin s& tim thiy hat, nghia 1a xac
suat tim hat trong toan khong gian bang 1 :

[l lwl*dv =1(7.27)

biéu kién nay goi la diu ki¢n chuan hda ctia ham song.
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Ham song y khong md ta mot song thuc nao trong khong gian nhu song co, song
dién tir trong vat 1y c¢6 dién ma chi cho phép ta tinh xac suat tim hat tai mot trang thai nao do.
Noi cach khéc ham séng y mang tinh chat thong ké.

6.3.3. Piéu kién ciia ham séng

+ Ham song phai gidi ndi.

+ Ham song phai don tri.

+ Ham song phai lién tyc.

+ Pao ham bac nhat ciia ham séng phai lién tuc.

6.4. Phuong trinh co ban cta co hoc lwgng tir
6.4.1. Phwong trinh song Sro- ding- go
Ham sng Bobroi :

WD (7 28)

w(rt) =yoe
M6 ta vi hat chuyén dong tu do ¢ ning luong 1a W va dong luong _;5 xac dinh.
Co hoc luong tur chirng to ré‘mg: DBéi vai mot vi hat chuyén dong trong mot truong luc
thé U(r), ham song clia n6 ¢ dang:

w0 =e " () (7.29)
Trong d6, W 1a nang luong cua vi hat, 1//(?’) 14 phan phu thudc toa do khong gian cia

ham séng , thoa man phuong trinh:
- 2m - -
Ay (r) +h—2[W —U ()] (r)=0(7.30)

Phuong trinh nay goi la phuong trinh Srodinghe , mt phuwong trinh co ban cua co
hoc lugng tu.

6.4.2. Hat trong hé thé mét chiéu

Ta xét mot thi du don gian: chuyén dong cua hat theo mdt phuong x, trong mot mién
ma thé nang U dugc xac dinh theo diéu kién:
B Okhi0<x<a
_{ookhix <Ovax >a

Mién duoc md ta nhu vy goi 1a “giéng thé nang”. RS rang 1a hat chi c6 thé chuyén
dong tu do trong giéng va khong thé vurot ra ngoai giéng. Thi du chuyén dong ciia electron ty
do trong kim loai ¢6 thé xem nhu chuyén dong trong giéng thé ning. O trong kim loai, thé
ning ciia electron ty do bang khong. Mubn cho electron thoat ra ngoai kim loai (nghia 1a xem
nhur nhay ra khoi giéng), ta can cung cip cho no6 ning hrong dé thing cong can.

Giai phuong trinh Srodinghe cua hat trong giéng thé:

2mw

h2

AY + Y =0

Ta dugc nghiém ctiia ham song hoan toan xac dinh c6 dang:
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Y (x) = \/Zsinn—ﬂx
a a

.2 2mwW X n
T biéu thirc P k? va k=-2 suy ra nang lugng cua hat:
a
2 £2
h
w, =22 p?
2ma

Tir két qua trén, ta rat ra mot sb két luan:

Mai trang thdi clia hat ng v&i mot ham séng W, (X) .

Ning lugng cia hat trong giéng phu thudc vao sb nguyén n, nghia 1a bién thién mot
cach gian doan. Ta noi rang ning lrong bi lugng tir hoa.

Khoang cach giira hai muc ké tiép nhau g v6i cac s nguyén n, n + 1 bing:

2 22
AWH = Wn+1 + Wn = ﬂ- -hZ
2ma

(2n+1)

AW, cang 16n khi a va m cang nho, nghia la khi hat ¢ trong pham vi va kich thuéc nho va hat
c¢6 khdi lwong nho.
* Mat dd xac suit tim hat trong giéng

2 . ,Nnrx NV ‘A A
¥, (x)|2 = Zsin®> ——x la mot ham bién thién theo x.
a a

Ta nhan thay khi:

. L, o £ e R a ..., £
n = 1, x4c suat tim thay hat ¢ diém x = 2 la 16n nhat.

n =2, xac suit tim thy hat & diém x = % vaXx = %Talé 16n nhét. ..
6.5. Vat Ly Nguyén T
6.5.1. Chuyén ddng ciia dién tir trong nguyén tir hidrd

CAu trac nguyén tir: nguyén tir gdm c6 hat nhan mang dién duong, xung quanh hat
nhan c6 cac electron chuyén dong. S6 electron chuyén dong quanh hat nhan 13 z. Mdi electron
mang dién tich —e, dién tich téng cong cua Z electron la —Ze. Dién tich cia hat nhan la + Ze.
Do d6 nguyén tir trung hoa vé dién.

Nguyén tir hidro g@)m c6 hat nhan mang di¢n tich + e va mot electron mang dién tich
la —e.

Chon hat nhan la géc O cua h¢ toa d9. Goir la khoang cach tur electron dén hat nhan.
Thé ning twong tac giira hat nhan va electron la:

Ze®
4re,.¥

U=-—

(7.31)

Nhu vay, phuong trinh Srdédinghe c6 dang:

2m e’
Ay + e w22y, —0(7.32)
h Az 1
Trong d6 me 1a khéi luong cua electron.
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Vi bai toan c6 tinh d6i xtrng cau, nén thudn ti¢n nhat ta giai bai toan nay trong toa do
cau r,d,o . Nhu vdy, ham song s€ 1a ham cua céc bién so nay:

y =y(r.0,0)
Toa do x, v, z lién hé véi toa do cau boi cac hé thirc :
X =r.sinf.cos¢;y =r.sind.singp;z =r.cosf
Do d6 trong toa do cau phufong trinh c6 dang:

1 0200 1 1 8% 2me
+
re 8r( ) r’.siné 60( go) r?.sin?@ o¢° W=

Phuong trinh ndy giai duoc bang cach phan ly bién s6, mudn vay ta dat:
w(r.0,9) =R(r).Y (6.9)

Thay biéu thirc vao phuong trinh trén, ta dugc phuong trinh:
1d ( 2 dR 2me ze?

1 1 o%Y
)=~ 2 (sing. 2y O (7.3
: 471'80 Ysing 00 00" Y.sin?0 0g*

Vé tréi cua phuong trinh trén chi phu thudc vao r, con vé phai cua né thi chi phu
thudc vao @,¢. Do d6 hai vé nay chi co thé bang nhau khi chiing cliing bang mot hang s6 1
Nhu vay, nghia la:

1d,,dR 2 e’
—.—(r M =1
R dr ( dr h (W 47rgo )
2
1 _( _)_ 1 aY:—i(7.35)
Ysing 06 00" Y.sin’@ 0¢°

Ly thuyét phuong trinh vi phin chirng to hai phuong trinh nay ¢ cac nghiém don tri
2161 noi, lién tuc chi khi 4 c6 cac gia tri xac dinh. Sau khi gidi cac phuong trinh nay,, nguoi
ta nhan thiy ham r phu thudc vao hai sé nguyén n, 1 nghia la:

R=rny(r)

Con ham r trong phuong trinh (7.35) chinh 1a ham riéng cua toan tr mémen dong
luong orbital. Qua vdy, phwong trinh (7.35) duoc viét lai:

1 o%Y
Trgag _6')_sm 6 opr) =AY (7:36)

Hay: L2Y = AA%Y (7.37)

Vay Yim (6,¢) chinh la cac ham b clu va :

A=1(1+2)
Trong d6 cac s6 n, 1, m ldy cac gia tri:
n=1,2,3,4...
1=0,1,2,3,...,n-1

m= 0,£1,+2,...,l

S6 nguyén n dugc goi 1a s lwong tir chinh, sé nguyén 1 — sd luong tir orbital, sd
nguyén m- s luong tir tir.
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Ngoai ra ngudi ta con thu dugc biéu thie ning luong cua electron:
1 m.z%e*

W =—— —= — (738
" n? 2.(47[80)2h2( )

Dbi véi nguyén tir hidrd Z = 1, ta co:
m,.e* .
W= L M€ —R—zh (7.39)
n° 2.(4ne,)h n
m, .e*

Ar.(Arme,)h

goi 1a hang s6 Ritbe, d3 dugc xac dinh trong thuc

nghiém.

6.5.2. Cac két ludn

Ning lugng cla electron trong nguyén tir hidrd va trong cac ion dong dang véi nd chi
phu thudc vao s6 nguyén n, nhu vay ning luong bién thién gian doan. Ta ndi rang ning luong
bi lugng tir hoa.

Ttr biéu thire (7.39) ta tinh duoc ning lwgng ion héa cua hidrd, nghia 13 ning luong

can thiét 1am cho electron bt ra khoi nguyén tir. Nang luong can thiét dua electron chuyén
do1 tr mirc W, 1én t61 mirc W = 0. Gid tri ciia nadng luwong do bang:

W =0-W, = —hz =2185.10"%J =135eV

Gia tri nay phu hop véi thuc nghiém. Theo co hoc lugng tir trang thai lugng tir duoc
md ta boi ham song w . Nhung céc két qua & trén ching t6, ham song w phu thudc vao cac s6
lugng tr n, 1, m.
l//nlm(r! 0’ (0) = RnI (r)'YIm (6! (0)

Ham song nay mo ta trang thai cua electron c6 nang luong va mémen dong lugng
ddng thoi xac dinh.

Theo céc diéu kién cta n, |, m ta thdy tng véi mdi gia tri cia n, s lwgng tir 1 co thé
c6 n gia tri khac nhau, va v&i mdi tri cua | ta lai c6 21 + 1 gia tri khac nhau cia m. Nhu vay,
v6i mdi tri sd cla n ta o thé co:

n-1

Z(ZI +1) =n? trang thai luong tir khac nhau.
1=0
Ung véi mirc nang lugng thap nhat Wy (n = 1) c6 mot trang thai lugng tir. Trang thai
nay thuong dugc goi 1a trang thai co ban. Ung v6i mitc ning lugng W, (n =2) c6 4 trang thai
lugng tir, va tng quat mg v6i mirc ning lwong W, ¢6 n’ trang thai lwong tir. Ta ndi rang mirc
ning lwong W, suy bién bac n’. Cac trang thai nay déu ing véi mirc ning luong cao hon mirc
Wi nén dugc goi la cac trang thai kich thich.
Véi: 1= 0 1a trang thai s.
L =1 1a trang thai p.
L =2 1a trang thai d.
L =3 1a trang thai f.
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XA&c sudt tim electron trong thé tich dV & mot trang thai nio d6. Xac suét ndy bang :

[lw”.0V = [l (r. 0, 0)f r* dr.sin 0.d0.dg (7.40)

Ta di giai thich c4u tao vach cua quang phd hidrd. Quang phd vach 13 hé cac vach
mau nho nét quan sat thiy trong dung cu quang phd khi phén tich hé phat sang cua khi hidrd
(bang cach phong dién qua mot dng dung khi hidrd & ap suat thap). Hién tuong d6 duoc giai
thich nhu sau :

Khi khong c6 kich thich bén ngoai, electron bao gid cling ¢ trang thai co ban (rng
v6i mirc nang lugng thip nhat W1). Dudi tac dung cua kich thich bén ngoai electron dugc
tang ning luong. N6 chuyén doi sang trang thai kich thich Gmg véi mic ning lugng W, cao
hon. Electron chi & trang thai kich thich trong thoi gian ngan (=107%s), sau d6 no tro vé trang
thai ing v6i mirc nang luong W, thap hon. Trong qua trinh chuyén mirc ning luong, electron
s€ toa nang lugng dudi dang birc xa dién tlr, nghia 1a phat ra mdt phéton mang nang lugng
hv. Theo dinh ludt bao toan nang luong ta c6 :

W, — W= hv
Suy ra biéu thirc d6i v6i tan sb Gmg v&i vach quang phd :
Khi n’= 1, ta c6 cong thirc tinh tan sd cta cac vach nam trong ddy liman :

Khin’ =2, ta co cong thic tinh tan sd cua cac vach nam trong ddy banme :
1 1
R y

Khin’ =3, ta c6 cong thic tinh tan sd cta cac vach nam trong day pasen :
1 1

V=RE )
Khin’ =4, ta c6 cong thirc tinh tan s cua cac vach nam trong day bracket :
1 1
V=R

Khin’ =35, ta c6 cong thirc tinh tan sb ctia cac vach nam trong diy pofund :
1 1
V=R~ )
n
6.6. Vat Ly Hat Nhan va Ung Dung
6.6.1. Cau tao va tinh chat ciia hat nhan

a. Ciu tgo hat nhén

Theo gia thuyét ctia lvanenkd — Haidenbec dua ra nam 1932 thi hat nhan nguyén tir
ciu tao bai hai loai hat sau:
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+ Hat préton (ky hiéu 1a p): Hat mang dién tich duong, vé tri sb tuyét dbi bﬁng dién tich
cta electron: 1,6. 10™° C va c6 khéi lugng bang khdi lugng hat nhan hidrd.

+ Hat notron (ky hiéu la n): Hat trung hoa dién c6 khéi luong 16n hon mot it so véi khéi
lugng proton.

Hai loai hat proton va notron c6 tén chung 1a nuclon. Thuc nghiém da xac nhan gia
thuyét cta lvanenkd — Haidenbec 1a ding. S6 proton trong hat nhan bang sé thi tu z cua
nguyén tir trong bang tuan hoan Mendéléep, z goi 1a dién tich hat nhan (tinh ra don vi dién
tich nguyén t4). Tong sd cac nuclon trong hat nhan goi 1a sb khéi lwong (ky hiéu 1a A). Do do
sO notron trong hat nhan sé 1a

N=A-Z

Nguoi ta thuong ky hiéu hat nhan ctia mdt nguyén tirla , X* (véi x 1a tén nguyén t6
tuong ung).

Nhitng hat nhan c¢é cing s6 Z nhung sé N khac nhau (nghia 1& cing dién tich nhung
khac khéi lwong) dugc goi 1 nhitng hat nhan dong vi.

Nhitng hat nhan c6 cing sd A, nhung sé Z khac nhau thi goi la nhitng hat nhan dong
khéi luong.

Trong s6 nhitng hat nhan dong khdi luong, ta con gap nhitng cdp hat nhan ma sd
proton ciia hat nhan nay bang sé notron cia hat nhan kia. Ta goi chung 13 nhitng hat nhan

guong.

b. Tinh chdt ciia hat nhén
* Kich thwéc hat nhan

Bang nhitng phuong phap do khic nhau, ngudi ta thiy kich thude hat nhan phu hop
theo cong thirc thuc nghiém:

_ 1/3
R=r a 8.1)

Véi r, ~(1,2+15).10°m

Ngudi ta goi 1o 13 ban kinh dién vi né xac dinh kich thudc ctia mién chiém boi cac hat
tich dién trong hat nhan.

T biéu thie trén, ta di t6i mot sd két luan: Thé tich hat nhan ti 16 véi s6 hat trong hat
nhan. No6i cach khac, mat d6 khdi lugng hat nhan 13 khong d6i ddi véi moi hat nhan. Néu ky
hiéu mat do khdi luong hat nhan 1a p, ta co:

B M. oo . m, A _ 1,67.10% 10% o

p_
:.E.Ri‘ g.ﬂ.(1,5)3.A10‘45 ;.n.(1,5)3.1o-45

* Spin hat nhan
Mot dac trung quan trong ctia nuclon la né c6 mdémen dong lugng riéng hay spin.
Y o1 . A .
Ciing giong nhu electron , nuclon c6 spin r Ngoai ra, nuclén con c6 mémen orbital do
chuyén dong ciia nuclon bén trong hat nhan. Thanh thir mbi nuclén chuyén dong bén trong hat

nhan s€ c6 momen dong luong toan phan:
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Ji =1, +5s,(8.2)
Trong do6: |.,s; 12 mdmen orbital va momen spin cta nuclon thir i. Do d6 momen
dong lwong toan phin cua hat nhan sé 1a:

3=wa@

Nguoi ta goi j 1a mémen spin cua hat nhan, né dac trung cho chuyén dong ndi tai cua

hat nhan. Theo co hoc lugng tir, gia tri tuyét ddi cia mémen spin hat nhén 1a:
‘3‘ - I3 +1h(8.9)

V61 j 1a lugng tir spin cua hat nhan goi tat 1a spin hat nhan. N6 ¢6 gia tri nguyén 0, 1,
2,3...néu A chin va c6 gia tri ban nguyén 1/2, 3/2, 5/2,... néu A 1é.
* Momen tir hat nhan

Momen tir hat nhan thue chét 1a do mémen tir cua cac nucldn tao thanh, Vi cod
mdmen co spin, nén cac proton va notron déu c6 momen tir spin. Riéng protén vi mang dién
tich nén con c6 momen tir orbital. Thanh thir mémen tir hat nhan s& bang tong momen tir spin
ctia moi nuclén va téng momen tir orbital ctia moi proton.

Do d6, hat nhan gdm A nuclon va Z proton s& c6 momen tir bang:
=Y P+ 18P+ 18" (8.10)
i=1 i=1 i—1

Trong d6: 21" 1a mémen tir orbital ctia proton thi i.
£.5” 12 mdémen tr spin ciia proton thi .
2.5 1a momen tir spin ctia notron thir i.

Pon vi mémen tur hat nhan c6 tén la manhéton hat nhan va co tri so6 bang:
eh

T 5,050.10%"J /T

m,

* Lwc hat nhan

Hat nhin nguyén tir c6 cdu tric kha bén viing, diéu d6 ching td cac nuclon trong hat
nhan phai hat nhau bé“mg nhiing luc rat manh. Luc dé goi 1a lyc hat nhan. Nho nhitng su kién
thuc nghiém ta tim ra mét s6 dic tinh cua lyc hat nhan:

+ Luc hat nhan 13 lyc tic dung ngin: Trong pham vi 10™ m thi Iyc rdt manh. Ngoai
khoang d6, Iyc hat nhan giam nhanh xudng dén gia tri khong.

+ Luc hat nhan khong phu thudc dién tich.

+ Luc hat nhan c6 tinh chit bdo hoa, nghia 1a mdi nuclén chi tuong tac voi mot )
nuclon ¢ 1an can quanh né chir khong tuong tac véi moi nuclon cia hat nhan.

+ Luc hat nhan 1a luc trao d6i. Theo Tucaoa, tuong tac gilra hai nuclon dugc thuc
hién bang cach trao d6i mot loai hat goi 1a médon 7 . Hat médon co khdi lwong vao ¢& 200 +
300 lan khdi lugng cua electron. C6 ba loai médon: 7, z°, 7.

+ Luc hat nhan phu thudc spin ctia cac nuclon.
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Tt nhitng ddc tinh trén cho phép ta di toi két luan: tuong tac hat nhan 12 mét loai
tuong tac rat manh, vé ban chit khac hin véi cac tuong tac hip dan, twong tac dién tir ma ta
da nghién ctru trong cac chuong trudce.

6.6.2. P hut khoi va niing lwong lién két hat nhan

Pé do khdi luong cac hat trong vét 1y hat nhan, ngudi ta dung don vi khéi luong
nguyén tir (ky hiéu u). Mot don vi khdi lwong nguyén tir bang 1/12 khdi luong nguyén tir
ddng vi cacbon C*2.

1u = 1,660.10%" kg.

Céc phép do chinh xac ching to rang khdi lwong m ctia hat nhan bao gio cling nhd

hon téng khéi lugng céc nucldon tao thanh hat nhan d6 mét luong AM bé“mg:
AM =Z.m, +(A-Z)m, —M (8.11)

Goi 1a do hut khéi cua hat nhan trong d6 m 14 khéi lugng hat nhan , XA, con m, va
mn 13 khéi lwong cia proton va notron.

Sy hut khéi d6 14 do tuong tac gitra cac nuclén gy ra. Vi vay, do hut khdi tuong tng
v6i nang luong lién két giira cac nuclon trong hat nhan. Theo dinh nghia, ning luong lién két
13 ndng luong cé tri sd bang cong can thiét dé tach hat nhan thanh cac nuclon riéng biét. Theo
hé thire Anhxtanh, ning lwong lién két 6 tri s6 bang:

Wiigner =C2.AM =c?(Zm, +(A-Z).m, —M)(8.12)

lien ket
Vi trong cac bang thuong ghi khdi lugng ciia nguyén tir trung hdoa Mng nén ciing c6
thé biéu thi nang lrong lién két qua khdi luong cua nguyén tir trung hoa:

Wignier = €2(ZM, +(A=Z)m, - M) (8.13)

lien ket

Trong d6 : mp 1a khéi lwong ciia nguyén tir trung hoa hidro.

Dé so sanh do bén viing ciia hat nhan, ngudi ta thuong dung khai niém ning luong
lién két (g voi mot nuclon hay con goi 1a ning luong lién két riéng (ky hiéu 1a ).

W.
&= lien ket (814)
A

Ning luong lién két ing vi mot nuclon cang 16n thi hat nhan cang bén viing.

- Pbi v6i cac hat nhan nhe nhit, ndng lugng lién két riéng tang nhanh tu 1,1 Mev
(,H?) dén 2,8 Mev (,H?) va dat gia tri 7 Mev (, He*).

- Pi voi cac hat nhin nang c6 a tir 140 dén 240 thi ning lugng lién két riéng giam
dan nhung rat cham tir 8 Mev dén khoang 7 Mev.

- P6i véi hat nhan trung binh véi a tir 40 dén 140 thi nang luong lién két riéng co gia
tri 16n nhat nam trong khoang tir 8 dén 8,6 Mev.

6.6.3. Hién twgng phong xa

Niam 1892, Beckoren dd quan sat thdy mudi uran va nhiing hop chét ctia no phat ra
nhiing tia goi 14 1a tia phong xa gdm ba thanh phan: tia o 1a cic hat nhan héli ,He*, tia B Ia
céc electron va tia » 1a birc xa dién tir twong tu tia X nhung bude séng ngian hon nhiéu.
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Trong qué trinh phong xa, hat nhan & trang thai khong bén virng chuyén sang trang
thai bén virng hon, nghia 14 trang thai img v6i nang lugng thap hon. Thanh thir qué trinh bién
d6i phong xa chi c6 thé xay ra néu khdi lugng tinh ctia hat nhan xuit phat 16n hon tong khdi
luong tinh ctia cac san vat sinh ra do bién doi phong xa. Thanh tht, qua trinh phdng xa thuc
chat 1a mgt qua trinh bién do1 hat nhan.

a. Dinh ludt phdn ra

Khi phong xa, s6 hat nhian chwa bi phan rd s& giam theo thoi gian.

Gia st ¢ thoi diém t, s6 hat nhan phéng xa chua phan ra 13 N. Sau thoi gian dt, s6 d6 tro
thanh:
N —dN (8.15)

Vi c6 dN hat nhan da phan ra. Do giam sb hat nhan chua phan ra — dN rd rang ty 1¢

vé1in va dt:

-dN = A.N.dt (8.16)
trong d6: A 1a hang s6 phan rd. Theo dinh nghia, A 13 x4c suit phan ra cua ting hat nhin trong
mot don vi thoi gian: dWN =-A.dt (8.17)

Thuc hién phép tich phan ta duoc: N=N_e™*

0

Vi N, 14 s6 hat nhan chua phéan 1 ¢ thoi diém ban dau (t = 0), N 1a s6 hat nhan chua
phan ra ¢ thoi diém t. Tinh toan ta duoc, thoi gian séng trung binh ctia hat nhin phong xa 1a:

1
T==
A
A -t No
Vay: N=N,e " =—(8.18)
e

Vivay, 7 ¢on cé y nghia la khoang thoi gian dé N, giam di e 1an.

bé phan biét tdc do phan ra nhanh, cham cua céc chét phong xa, ngudi ta dua ra khai
niém chu ky ra nra. D6 la khoang thoi gian Ty, dé N, giam di mot nira. Thay t = Ty, vao
phuong trinh & trén ta dugc:

N = '\; =N,.e " (8.19)

Do d6: T1/2 = In—2 = —0,693
A A

Dai luong A= AN goi la 46 phong xa clia ngudn phong xa. N6 xac dinh s6 phan ra

phong xa trong mot gidy. Trong hé SI, n6 c¢6 don vi la: Beckoren (bq).

b. Quy tic di chuyén. Ho phéng xa tw nhién

Céc chit phong xa noi chung khong phat ra di ba loai tia «, 5, . C6 hai loai phong
Xa o Va B~. Ca hai déu kém theo phong xa » Vi sau khi phan rd « va S, hat nhan phong
xa me bién thanh hat nhan con hodc & trang thai co ban, hodc ¢ trang thai kich thich. Khi tur
trang thai kich thich chuyén sang trang thai co ban (trang thai c6 ning luong thap nhat), hat
nhén con c6 thé phat ra mot hay vai photon.

97



Trong qua trinh phan rd o , chat phong xa s& bién thanh mot chat ding trude né hai 6
trong bang tudn hoan Mendéléep:

, XA, Y 4 He' (8.20)

Trong qué trinh phan rd -, chit phong xa bién thanh mot chat dimg sau n6 mot 6
trong bang tuan hoan:

XA, Y +e (8.21)

Céc hat nhan nam trong mot chudi qua trinh phong xa lién tiép, hop thanh mot ho
phéng xa. C6 bdn ho phong xa tu nhién bit du tir cac nguyén td nang U8, U Th**2 AM?*
b2, b2’
ddng vi tham gia trong cac chudi phong xa d6 co thé duoc biéu thi bang cac sb 4n+ 2, 4n + 3,
4n, 4n + 1.

N A \ M ’ A A A A \ 2 -2 A A 5 ’
va tan cung bang cac nguyén to bén lan lugt 1a p , pb?®, Bi?®. S6 khéi lugng cua cac

c. Can bing phong xqa
Néu d6ng vi me c¢6 hang sd phan rd nho hon hing sd phan rd ciia ddng vi con va céc
chu ky ra nira cua chiing x4p xi gan nhau thi cac dong vi d6 thiét lap mot trang thai can bang
phong xa dong mo ta bang hé thirc:
N, A, 4,
N4 A =4

Nghia 1a ti s6 cac toc d6 phan ra cua chung 1a mot dai lugng khong doi.

(8.22)

Neéu dong vi me ¢6 chu ky ra ntra rat 16n so v&i dong vi con thi sau mot khoang thoi
gian rat 1omn so vdi chu ky ra ntra ctia dong vi con, cac dong vi me va con sé dat tdi trang thai
can bang phong xa bén. Luc do toc d phan ra cua hat nhan con ciing dung bang toc dd phan
ra cua hat nhan me:

N,.4 =N,.4, (8.23)

Suy rong cho mot chudi nhidu déng vi phong xa ndi tiép nhau & trang thai can bang
bén, ta co:
N,.A, =N, 4, =...=N_.4 (8.24)

6.6.4. Phan irng phan hach va nhiét hach
a. Phan hach

Thuc nghiém cho biét néu truyén cho hat nhdn m¢t nang lugng du 16n thi nd cod thé
v thanh hai hay nhiéu manh. Nang lugng cyc tiéu can thiét dé 1am vo hat nhan goi la ngudng
phan hach hay nang luong kich hoat.

Khi hat nhan v& thi khéi lugng tong cong cac manh v ra bao gio ciing nho hon khéi
lwong hat nhan ning. Ning lugng toa ra tuong tng voi do hut khdi do goi 1a nang lwong vo
hat nhan hay nang lugng phan hach.

Thi du khi bin notron chim vao hat nhan U

phong hai, ba notron:

thi n6 s€ v& thanh hai manh M, N va giai
n+,U*® - M+ N+ kn
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Hai manh M, N 1a nhiing hat nhan cta nhiéu chat khac nhau tuy theo didu kién cua
phéan tng. Xac suét xuét hién hai hat nhan M, N phu thudc vao s6 nuclon A caa chung.

Trong moi trudng hgp, phan rng v& hat nhan uran bao gio ciing tda ra nang lugng:
Wi = ¢ [(Mn + Myan) - (Mm + My + kmy)]
V&i We la nang lwong phan hach ctia hat nhan uran.

b. Nhiét hach

* Piéu kién thue hién phan wng nhiét hach

Ngoai hié€n tuong toa ra nang lugng khi pha v& hat nhan néng, con c¢6 hi¢n tugng toa
niang luong khi két hop cac hat nhan nhe.

Nhirng phan tng d6 goi 14 phan tng két hop hat nhan hay phan Gng nhiét hach. Nang
lugng tda ra goi la nang luong nhi¢t hach.

Vi cac hat nhan déng vi hidré déu la nhitng hat tich dién duong, nén muén tao ra
phan trng nhi¢t hach, phai cung cép cho cac hat nhan mdt dong nang du lon dé vuot hang rao
thé niang Culdng tién lai gin nhau dén khoang cach nhé hon 30.10™° m. Khi d6 lwc hat nhan
s€ phat huy duoc tac dung va phan ing nhiét hach s€ xay ra.

6.6.5. Ung dung
* Phan @ng nhiét hach trong vii tru
Phan g nhiét hach 1a mdt trong nhitng ngudn ning luong cua cic vi sao va mat
Troi. Theo Béte, thi phan tmg nhiét hach trong 10ng cac thién thé xay ra theo chu trinh sau:
CP+ H = CP+y; [N° - CP+e +v
CP+ H' > NY¥+y
NY 4+ HY > 0% +y ; ,0° 5> NP +e" +v
NP+ HY— C?+ He'

Két qua la bdn hat nhan hidrd tao thanh mot hat nhan héli, lugng cacbon khong thay
ddi. Phan ung nay xdy ra ¢ nhiét d¢ hang chuc tri¢u do. MOdi hat nhan héli hinh thanh sé téa ra
nang luong 26MeV va moi khi hinh thanh 4g héli thi toéa ra ndng luong 700.000 kWh.
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BAI TAP
Bai 1: Do phong xa ctia mot chit giam 2,5 1an sau 7 ngay dém. Tim chu ky béan i cta n6?
(T =5,3 ngay dém)
Bai 2: Tai thoi diém ban dau do phong xa ctia mot chét 1 650 phan rd/phut. o phong xa cua
chit nay sau khoang thoi gian bang % chu ky ban ra ctia né 1a bao nhiéu?
(4,6.10% phan ra/phat)
Bai 3: Khoi lugng cua hat nhan 23€Th 1A mp, = 232,0381u, khbi luong notron m, = 1,0087u,
khdi luong proton mp = 1,0073u. BJ hut khéi ctia hat nhan 1a bao nhiéu?
(Am =1,8534u)
Bai 4: Hat nhan ;Li c¢6 khdi lugng 7,0144u. Ning luong lién két cta hat nhan 1a bao nhiéu
néu cho khéi lugng notron my, = 1,0087u, khéi lugng proton m, = 1,0073u va 1u = 931,5
MeV/c’.
(W|k = 39,4 MEV)
Bai 5: Hat nhan JHe co6 khdi lugng mye = 4,00151u, khdi lwgng notron m, = 1,0087u, khdi
lwong proton m, = 1,0073u. Hay tinh ning hrong lién két riéng cua hat nhan?
(7,1003 MeV/nuclén)
Bai 6: Chat phong xa “2Pola chat phong xa « . Lic dau poloni c6 khéi lwgng 1kg. Hay tinh
khdi Iwgng poloni con lai sau thoi gian bang 2 chu ky?
(0,25kg)
Bai 7: Mot chat phong xa c6 chu ky 7 ngay. Néu lac dau co 800g, sau khoang thoi gian t chat
ay chi con lai 100g. Hay tinh thoi gian t?
(21 ngay)
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TAI LIEU THAM KHAO

* Sach (phai ghi rd tén tac gia, nguéi bién tip (néu co), thi diém xuat ban, tua sach day
du (ké ca tua con, néu co), volume {néu c6), lin tai ban (néu cd), nha xudt ban va noi xudt ban
(thanh phd, quic gia) va s6 trang da tham khio hodc sb trang ciia cuén sach néu tham khao todn
bd), tén sach dwoc in nghiéng.
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