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LOINOI PAU

Gido trinh “ Pién tr hoc” dudc bién soan theo chuong trinh khung cta
B6 Gido duc & Pao tao ban hanh nim 2004 danh cho hé dao tao ¢ nhan Vit
1y, dua vao cdc bai giang ma tdc gia da trinh bay cho sinh vién khoa Vit ly
trudng Pai hoc Pa lat trong nhitng nim gin ddy va dua vao cudn gido trinh
Pién hoc ma tic gid da vi€t nim 1987. P& gitip cho sinh vién dé ding nim
bit dudc cdc van dé cot 16i clia ki€n thic vé dién tr hoc, tai liéu dudc trinh
bay ngidn gon, xtic tich, chi trong nhiéu dén ban chit vat Iy clia hién tudng
ma khong di sdu vao md ta cdc qud trinh thyc nghiém cling nhu nhitng minh
hoa kém theo (sinh vién c6 thé tim doc trong cdc tai liéu tham khdo). Nhitng
tinh todn 1y thuyé&t trong gido trinh sit dung céc ki€n thifc todn hoc gidi tich t6i
thi€u ma sinh vién d3 dugc trang bi trong cdc hoc phan vé todn hoc. Cédc vi du
trong sdch ngoai viéc minh hoa dng dung cic dinh luit con nhim muc dich
rén luyén k§ niing tinh todn, cling ¢ ki€n thirc va kha ning gidi quy€t cic bai
todn thyc tién. Noi dung gido trinh dugc chuén bi cho 5 don vi hoc trinh tuong
ttng v6i 75 ti€t 1€n 16p, trong d6 c6 60 ti€t 1y thuy€t va 15 ti€t bai tap. Noi
dung bai tap sinh vién s€ dugc trang bi trong cac sach bai tap ri€ng.

Gido trinh 13 tai liéu hoc tip cho sinh vién khoa Vit 1y, ddng thdi c6 thé
st dung d€ tham khao cho sinh vién cdc nganh k¥ thuat khi hoc chuong trinh
Vatly dai cuong.

Da lat, 2006
TAC GIA




PIEN TU HOC -3-

Chuong 1.
PIEN TRUONG TRONG CHAN KHONG

§ 1.1. PIEN TICH, PINH LUAT BAO TOAN PIEN TICH
VAT DAN PIEN VA VAT CACH PIEN

|. Khdi niém dién tich, dién tich nguyén to.

- C4c hién tugng vé sy nhiém dién di dugc bi€t dén tir thdi cd xua,
ching cho thdy mot vai tinh chat dién cta vat chat: Mot sd vat liéu (thiy tinh,
ébonit, ... ) sau khi co sit vao 16ng thi c6 thé hit dugc cdc vat nhe. Ta néi
ching da bi nhiém dién.

- Tuong tic giita cdc vat nhiém dién cho thdy trong tu nhién ton tai 2
loai dién tich: dién tich dudng va dién tich Am. Cdc dién tich ciing diu thi ddy
nhau, khdc d4u thi hiit nhau. Pién tich tdn tai dudi dang cdc hat s6 cAp mang
dién. Pién tich bé nhat ton tai trong tu nhién goi 13 dién tich nguyén & (ky
hiéu 12 e: elementary), c6 gid tri:

e=16x107"" C 1.1)

- Hat co ban mang dién tich nguyén td Am 1a electron: cAu thanh vd
nguyén ti.

- Hat c¢d bdn mang dién tich nguyén t6 duong 1a proton (p): 1a mot trong
hai thanh phan ciu tao nén hat nhin nguyén ti.

- Hat cd ban khong mang dién ciing proton cidu thanh hat nhin nguyén
ti 1a notrdn (n) (trt nguyén t& Hydro).

-  trang thdi binh thudng nguyén tk trung hda vé dién: s6 proton bing
s0 electron. Khi nguyén tf thu thém electron né trd thanh idn Am, ngudc lai
khi nguyén tir bi mat electron n6é bi&n thanh i6n duong.

Mot vat mang dién khi nguyén tit ca né thira hoic thi€u electron, hoic
do sy phan bd lai cdc dién tich chita trong vat hodc trong cdc phan khic nhau
cia vat (nhiém dién do co sdt, do ti€p xuc, do hudng tng ... ).

(*) Pién tich nguyén té la mot trong cdc hdng s6 vat Iy quan trong ciia tw nhién.Hién
nay, khoa hoc da biét ring cdc hat quark la thanh phdn cudi cing ciia vat chdt hat
nhan. Chiing mang cdc dién tich £e/3 hodc *2e/3. Nhung cdc hat nay (cdc
hat thanh phdn ciia préton va notrén) khéng thé ton tai mot cdch riéng biét, nén
khong thé 1dy chiing lam dién tich nguyén to.

Luu Thé Vinh
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bién tich cia mdt vat bao gid cling bing mot boi s6 nguyén lan dién
tich nguyén td e :
Jg) = ne, (n=1,2,3...) (1.2)
I1. Dinh ludt bdo toan dién tich.

Moi hién tugng vé dién dugc bi€t cho dén nay déu tuin theo dinh luit
bdo toan dién tich: “Trong mot hé cé ldp tong dién tich ciia hé la mot lugng
bdo toan”.

l1l. Vdt dan dién va vat cach diéen.

Vat din dién 12 nhitng vat c6 chita cdc hat tich dién (c4c electron, cdc
i6n Am, i6n duong), cic dién tich nay cé thé di chuyén dé dang bén trong vat.
Ching han trong kim loai, do cdu triic clia nguyén tif mot s electron nim §
16p ngoai ciing lién k&t y&u vdi hat nhian cé thé bit ra khdi nguyén ti trd
thanh dién t ty do. C4c dién t& nay c6 thé chuyén dong tu do bén trong khdi
kim loai. Ta néi kim loai 1a vat din dién. Trong chit dién phin cdc hat tai
dién la cdc i6n duong va cdc id6n am. v.v... .

Vat cich di€én la vat ma trong n6é khong chira cac di€n tich ty do.

§ 1.2. TUONG TAC TINH PIEN, PINH LUAT COULOMB.

1. Dién tich di¢m. Nhitng vt tich dién ma c6 kich thuéc nhd hon rit nhiéu
so vGi khoang cdch giira chiing.

2. Tuong tdc tinh dién. Dinh ludt Coulomb .

Thuc nghiém chitng té ring: Céc dién tich cting ddu thi day nhau, céc
dién tich khdc dau thi hit nhau. Ndam 1785 C. A. Coulomb bing thuc nghiém
trén cin xoin di tim ra dinh luit tuong tic giita hai dién tich di€m ¢, va ¢»
dat cach nhau mot khoang r (Hinh 1.1):

F = 99 (1.3)

2
r

Trong d6 k 1a hé s6 ty 1€, c6 gid tri phu thudc vao hé don vi do.
Trong hé¢ CGSE : k=1
Trong hé SI: k = !
4re,
Trong d6: £, = 8,86.10 "> C*/ N. m*: Hiing s6 dién.
Bi€u dién c4 vé phuong chiéu va do 16n:

=9.10° N. m%/ C? (1.4)
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E = k%-’ﬁl—zz Luc g, tic dung 1é€n g5. (1.5)
" T
a = k@-rz—l : Luc ¢, tdc dung 1€n ¢q;. (1.6)
o T
F—Zl q1 - 9> F,
«— —
qi . —.

Hinh 1.1

Dinh ludt coulomb: Lyc tic dung tuong hd giita hai dién tich di€m c6 do
16n ty 1€ nghich v&i binh phuong khodng cach giita chiing, ty 1€ vdi tich d6 16n
clia cdc dién tich; c6 phuong 13 dudng thing ndi hai di€m tich, c6 chiéu phu
thudc vao diu cla hai dién tich.

3. Ap dung.

Ta hdy so sdnh tuong tdc tinh dién va twong tdc hdp din. Dinh luit
Coulomb (1-3) ¢6 dang todan hoc giong hét nhu dinh luat van vat hip din. Tuy
nhién cudng do clia ching lai rat khdc nhau. Ta 4p dung cho trudng hdp tuong
tdc gilta 2 electron.

— Hing sd hip din G = 6,67.10"' N. m*/ kg’

— Hiing s6 tuong tac tinh dién: k = 9.10° N. m% C*
— PDién tich cha electron: e = -1,6.10"°C.

— Khdi lugng cia electron: m = 9,1.107 'kg.

Tuong tdc hap din gitta 2 electron:
2

o Amm, m
F, = G z Gr—2
Tuong tac tinh dién gitta 2 electron:
g.q 2
Foo= k—0 = k—
r r

Luu Thé Vinh
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F 2 _16-.107%° ) .10°
(e 2 2
F, (m) G 91-10 6,67 -10

K&t qué cho thdy cudng d6 tuong tdc hip din vd ciung bé so véi tuong
tdc tinh dién. Piéu nay gidi thich tai sao khi nghién citu chuyén ddng ctia cic
dién tich ta khong quan tAm t6i tuong tdc hap dan.

1.5. DPIEN TRUONG TRONG CHAN KHONG
1. Khai niém dién truong.

DPé€ gidi thich co ché tudng tic giita cdc dién tich trong lich s Vat ly
hoc xuat hién 2 thuyét:

— Thuyét tdc dung xa: Cho ring tuong tic giita cdc dién tich khong can
mdt mdi trudng vat chat trung gian ndo va tudng tic dugc truyén di mot
cach tic thoi. Khi chi ¢c6 mdt dién tich thi moi truGng xung quanh khong
x4y ra bi€n d6i nao.

— Thuyét tdc dung gan: Cho ring tudng tdc giifa cac dién tich phdi thong
qua mot moi trudng vat chat trung gian bao quanh cdc dién tich. Luc
tuong tic dudc truyén tif phan nay sang phan khic clia moi trudng vdi
van toc hitu han (van tdc truyén tudng tdc). Khi chi c6 mot dién tich thi
moi trudng xung quanh da cé nhitng bién doi.

Theo quan diém duy vat bién ching ta thdy rd thuyét tic dung xa da
cong nhan ton tai chuyén dong phi vat chat. Piéu nay khong thé c6 dudc. Vit
ly hoc hién dai da bac bd thuyét tdc dung xa va cong nhin thuyét tdc dung
gan. P€ gidi thich co ché tuong tdc giita cdc dién tich can phai cong nhan mot
thyc thé€ vat 1y 1am mdi trudng trung gian truyén tudng tic gitta ching. Thuc
thé vat 1y nay chinh la dién trudng. Khi c6 mit dién tich thi xung quanh né
xuit hién mot dién trudng. Dién trudng nay lan truyén trong khong gian véi
tdc do hitu han.

— Tinh chit co bdn cda dién trudng: tic dung luc 1én bat ky dién tich
nao dit trong né. Co ché tdc dung ndy dudc gidi thich nhu sau: Mdi dién tich
tao ra xung quanh né mdt dién trudng, di€n trudng nay tic dung lyc I€n dién
tich ddt trong n6é va ngudgc lai.

Trong phan sau khi nghién cttu tir trudng va trudng dién tir ta sé& thiy
dién trudng chi 12 mot bi€u hién clia trudng dién tir. P6 12 mot dang cla vat
chit c6 day di cdc thudc tinh xdc dinh ma con ngudi c6 thé nhan thic dudc:
ning lugng, khdi lugng va xung luong.
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2. Cuong do dién truong.

Pé€ dic trung cho trudng vé phuong dién tidc dung lyc ngudi ta dua ra
khdi ni€ém cudng do di€n truGng.

Xét dién trudng tao ra bdi mot dién tich Q.

Ta hay dung mot dién tich thit qo dat vao trong dién trudng, qo s€ chiu
tdc dung mot luc Fj.

Bay gid néu tai cing mot di€m cda trudng ta 1an lugt thay g, bing cic
dién tich thi g;, ¢> , ... thi tac dung luc 1én cdc dién tich tuong Gng la Fy, F),
Gi4 tri cdc lyc 1a khac nhau. Nhung néu Iap ty s6:

FO_E_FZ

= =... = const.
90 q, q>

Ty s6 trén tai mdi di€m cla trudng 13 khdng d6i, né dic trung cho
trudng vé phuong dién tic dung lyc va dudc goi 1a cudng do dién trudng
E =F/q,hay du6i dang véc to:

E = (1.7)

Cudng d6 dién trudng giy bdi mot dién tich di€ém Q dudc xdc dinh
theo dinh luat Coulomb.

— Tuong tac giltta Q va g :

Q|

F=k%_ 4k
r
Tit d6: - F _ k%
q r
Hay dudi dang véc to: E = k%f _ % 7 (1.8)
rer drey r

— NéuQ=1d.v.dtthi E=F.
Nhu vdy: Cudng d6 dién trudng tai mot diém 12 mot dai lugng vat 1y

dic trung cho trudng vé phuong dién tic dung luc, cé dd 16n bing luc tic

dung 1én 1 don vi dién tich duong dit tai di€ém d6 va c6 hudng cia luc nay
(hinh 1-2).

Pon vi cua dién trudng: Von / mét (V/m)

Luu Thé Vinh
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M N
4 - , AMA < .
w 4 -
050 +1 E Q<0 E +1
Hinh 1-2

3. Puong suc dién truong.

Dung dé mo t3 hinh 4nh dién trudng. P6 12 nhitng dudng ma ti€p tuyén
v6i nd tai mdi diém cé phudng triing véi véc td cudng dd dién trudng tai di€m
d6. Chiéu clia duding stic chi chiéu cia dién trudng.

Cdc tinh chdt cia duong siic:
— DPudng stic dién trudng 12 nhitng dudng cong hd, ching bit diu trén
cic dién tich duong va két thic trén cdc dién tich Am (hinh 1-3).
— Céc dudng stic khong cit nhau.
— Mat do dudng stic (s6 dudng sic di qua mdt don vi dién tich dit
vudng géc vdi trudng) cho biét gid tri ctia cudng dd dién trudng tai
mdi di€m.
Trén hinh 1-3 13 sd d6 dudng sitc dién trudng cia mot sd hé dién tich:
dién tich di€m duong (a), dién tich di€m am (b) va dién trudng giita 2 mit
phang song song tich dién déu trai dau (c).

a) b) c)
Hinh 1-3

4. Nguyén Iy chong chét dién truong.

Xét mot hé dién tich diém q;. ¢». ... gi , ..., g, . Luc tic dung ctia hé 1én
mot dién tich thit g, bing tdng véc to cac luc thanh phan:

F:ZE :Z‘L’Ei :CL'ZE[

Hay: E=)E, (1-9)
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Né&u hé dién tich phan bd lién tuc trén mdt mién S ndo d6 thi dién trudng
cua hé sé la:
E - IdTE (1-10)
S

— Né&u dién tich phan bd doc modt diy din véi mat dod dai: A= %

E =L (A7

= 1-11
drey 3 1 ( :
¥
—NE&u dién tich phan bo trén bé mit vat din vdi mat do dién mito = %
s
E -1 ”"Cfsf (1-12)
4rg, Jr
— N&u dién tich phan bd theo thé tich vat din véi mat do dién khéip = j—g
E -1 H.["df)f (1-13)
4re, oo

5. Pién truong ciia mot sé hé dién tich.

Ap dung nguyén 1y chdng chit ta c6 th€ xdc dinh dudc dién trudng cla
mdt s& hé dién tich phan bd don gidn sau day.
a) Vidu 1. Tinh cudng d6 dién trudng gdy bdi mot mit phang tich dién déu vo
han, v6i mat do dién mit o, tai mot di€m M ciach mit phang mot doan h.

Ta hdy chia mit phing thanh cdc nguyén td hinh vanh khin, c6 tim la
chan dudng vudng géc ha tir M xudng mit phfmg (0). Dung hé tryc toa do tru,
co truc Oz = OM, ban kinh cuc r, géc ¢ (hinh 1-4).

Xét nguyén t6 dS = rdrde chia dién tich dg = o rdrde gy ra tai M
mot dién trudng vi phan:

dE = k%‘] = k- Ur‘;;’dgo

dE ¢6 phuong 1a dudng thing ndi dS va M, chiéu hudng ti dS dén M

néu o> 0 va ngudc lai.

Pién trudng do toan mit phing giy ra tai M 1a:

E = jdE:jdEn+jdE,
S S S

Luu Thé Vinh
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Do tinh chat ddi xiing nén dé thay ring: N€u 14y mot nguyén t6 dS ° doi
xtrng véi dS qua O thi trudng do nod sinh ra 1a dE' c¢6 cung do 16n v6i dE
nhung khac phuong chiéu. Phin tich dE'=dE, + dE,. D& thiy ring:

dE, = —dE

t

Xét cho toan mit phing thi: JdEt =0. Tir d6:
5

E=[dE. ,va E=|dE,

Hinh 1-4

ordrdg
2

Tu hinh vé ta c6: dE, = dE cosa= k- .Cosx

Thay: I’ = 7 + I, cosa =——— ta c6:
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JE, = k. odrde
(r2 + h?)”
oh % < rdr oh 1 N
Va: E = = 2l -
ey 0 e, { \/r2+h2}o
O
E=2 1-14
o (1-14)

Nhdn xét: Gid tri dién trudng E khong phu thudc vi tri di€m M, do d6
dién trudng tai moi di€m 12 nhu nhau, dién trudng 13 déu.

Véc to dién trudng E vudng géc v6i mit phang va huéng ra xa néu 6>0
va huéng vé mit phang néu <0.

Dua vao nguyén Iy chdng chit ta ciing tinh dudc dién trudng clia cdc hé
di€n tich sau:

b) Pién trudng giy ra bdi mot hé cac dién tich diém g, g2 .., G ) Gu
E= ZEI =

c) Pién trudng gy ra bdi mot qua cau tich dién déu trén bé mit véi mat do
dién mit o trung v6i dién trudng gdy bGi mot dién tich diém g dat tai tim
qua cau:

L oyd:. i (1-15)

drey S r” T

(1-16)

es
[
e
= i%:

d) Pién trudng giy bdi ludng cuc dién.

Ludng cuc dién 1a hé hai dién tich bing
nhau vé d6 16n nhung ngudc nhau vé diu dit
cdch nhau mot khodng ¢d dinh 1 (hinh 1-5).

3(Per)r  Pe
4re, Are,r

E =

; (1-17)

Trong doé P, = qi goi l1a mOmen ludng

cuc dién. .—.
e) Pién trudng gitta 2 mit phang vo han, song
song, tich dién déu, trdi ddu: Hinh 1-5

Luu Thé Vinh
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E=— (1-18)

f) bién trudng gdy bdi mot qua cau tich dién déu theo thé tich véi mat do
dién khoi p
r>R:E = 2 yr
3gp I
(1-19)

r < R:E:LF
3&,

§ 1.4. PIEN DICH THONG - PINH LY OXTROGRATXKI - GAUSS.
1) Véc to dign dich

Ngoai véc td cudng do dién trudng E, khi xdc dinh dién trudng trong
mot moi trudng bat ky ngudi ta thudng sit dung véc td dién dich D (con goi 1a
véc to cam ung dién D).

- Trong chin khong: D =

—

SQE.
SQE + P

- Trong moi trudng batky: D =
Trong d6 P 1a véc to phan cuc dién mdi ( xem trong chuong di€én moi).

2) Dién dich thong.

bién dich thdong 1a thong lugng cua n
véc td dién dich D xuyén qua mdt don vi
dién tich dat vudéng géc v4i di€n truGng.

- Dong véc to dién dich glri qua mdt

. v D
dién tich nguyén t0 dS 1a (hinh 1-6): »
dD=DdS=DdScosa=D,dS (1-20)
bién dich thong di qua mdt dién tich
S batky: Hinh 1-6
®=[dP=[D-dS=[DdScosa. (1-21)
S S S

N&u dién trugng 1a déu va mit phing S vudng géc vé6i dién trudng thi:

®=D-S (1-22)
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3) Dinh ly Oxtrogratxki - Gauss

Bai todn cd ban cia tinh dién 1a xdc dinh cudng do dién trudng E va
dién dich D tai mdi di€m cla trudng tao bdi hé dién tich da cho. Trong nhiéu
trudng hop khi hé dién tich cé tinh chat ddi xing, d€ tinh dién trudng ngoai
phudng phdp diing nguyén 1y chdng chit ta c¢6 thé st dung dinh 1y O-G.

Xét mot dién tich diém g > 0. Bao quanh dién tich bing mdt mit cau ¥,
c6 tim tai di€m dit dién tich (hinh 1-7).

Do tinh chat d6i xing nén ta
thdy dién trudng tai moi di€m cia
mit ciu 12 nhu nhau va c6 phuong
vudng géc véi mit cau. Gid tri cla
véc to dién cdm D tai moi di€m cla

mat cau la: <

D=9 _4E
4re,

bién dich thong qua mit ciu
cO gia tri:

Hinh 1-7

® = !Dnds - Dnlds - 4:r2 Axr? = g

Gi4 tri clia dién dich thong khong phu thudc vao ban kinh clia mit cau
r. Do d6 dién dich thong di qua moi mit cau dong tim déu nhu nhau.

Xét mot mit kin ¥, bat ky bao quanh dién tich g. D€ thdy ring dién
dich thong qua né ciing bing g, khong phu thudc vao vi tri clia dién tich ¢ bén
trong no.

Né&u xét mot mit kin X5 khong bao quanh dién tich ¢, ta thiy ring c6
bao nhiéu dudng stic di vao thi ciing c6 bdy nhiéu dudng sitc di ra khdi né. Do
vay dién dich thong toan phan qua 2312 biing 0.

Tém lai: Dién dich thong qua mdt mit kin bat ky khong phu thudc vao
vi tri clia dién tich dit trong n6. K&t qud trén ciing ding véi trudng hdp khi cé
nhiéu dién tich chita trong mit kin vdi g = 2g.

Ta c6 dinh ly Oxtrogratxki — Gauss: Dong véc to dién dich giii qua mot
mdt kin bdt ky bdng téng dai s6 cdc dién tich tw do chita trong mdt kin do.

® = §DdS = Y q, (1-23)
S i

Luu Thé Vinh
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4) Dang vi phédn cua dinh ly O-G. Phuong trinh Poisson.

Ap dung dinh Iy O-G cho mét thé tich vo ciing bé dV = dxdydz. Trong
dé dx, dy, dz 1a 3 vi phan do dai huéng theo 3 truc x, y, z cia hé toa do Pé
cic, c6 goc la M (x, y, z). Tai M, véc to dién cdm c6 gia tri: D =D (x,y,z). Ta
hay tinh di€n dich thong qua cac mat xung quanh hinh hdp dV (hinh 1-8).

A
<

r M (X’y’z)

Hinh 1-8

— Quamaitl (dy,dz): d®, = -D,dydz

(c6 dAu—vi cos m=-1)

D, dx] dydz
OX

— Quamit2 (dy, dz): do, :(DX+

bién thong qua cd hai mat 1 va 2 la:

oD oD
d®,, = - D, dxdy+| D, + —>dx |dydz = —*dV
12 X y ( X ox j y ox
Tuong ty, di€n thong qua cdc mdt 3,4 va 5, 6 s€ la:
aD,
db,, = —dV
oy
oD
do., = Ldv
56 57

Tdng dién dich thong qua toan mit kin sé& 1a:

oD
do = aDX+ v, 9 dv
OX oy 0z
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N&u trong thé tich dV chia dién tich véi mat do dién khdi p = p (x,y,2)

thi do 16n di€n tich chita trong dV'1a : dg = pdV.

Ap dung dinh 1y O-G ta c6:

+

D oD D
dCD:(@X v, P

OX oy

Hay: divD = p

JdV =pdV

Phuong trinh (1-23) chinh 1a phuong trinh Poisson.

5) Vidu ap dung.

(1-23)

a) Tinh dién truong ciia mot mdt phdng tich dién déu vé han véi mdt do dién

mdt o.

Do tinh chat d6i xing clia hé, ta chon mit kin 1 mit tru ditng c6 cdc
dudng sinh vudng géc v6i mit phing, hai ddy c6 dién tich S song song va

cdch déu mit phiang (hinh 1-9).

Pién dich thong toan phan qua
mit tru bing tong dién dich thong di
qua 2 ddy:

@ =12DS.

Dién tich chtra trong mit tru:

q=oS
Ap dung dinh 1y O-G ta c6:
®=2DS=0S

Tu do:

b) Tinh dién truong ciia hai mdt phdng song song vo han tich dién deu trdi

ddu (hinh 1-10).

V& dudng siic dién trudng clia 2 mit phiang tich dién ta thdy ring c6
thé 4p dung nguyén 1y chdng chi't hoic dinh Iy O-G dé€ tinh dién trudng cla
hé. Stt dung nguyén 1y chong chat, tir so dd ta thdy: bén ngoai 2 mit phing
cdc dudng sitc nguge chiéu nhau tirng d6i mdt, nén dién trudng tdng biing

khong. E=0

Luu Thé Vinh



-16 - PIEN TU HOC

Bén trong 2 mit phang cdc dudng stic cling chiéu nén dién trudng ting

1&én gap doi. Do do: E = 2
€o

Dung dinh 1y O-G ta ciing d€ dang tim lai k€t qud trén.

A A A A

+o |+ ||+ |FH ||+ [+ |+

v v v v

Hinh 1-10
c) Tinh dién truong ciia mot qud cdu tich dién déu theo thé tich véi mat do
dién khéi p.
Do tinh chit ddi xitng cau nén ta chon mit phang 14y tich phan 12 mit
cau c6 tAm tring v&i tAim qud cau.
Theo dinh 1y O-G ta c6:
® = [DdS = [DdS = Y q;
S S

1- Néur < R (bén trong qui cau).

®, = [D,dS = D, -4xr] = p-gzrf
S

Hay: D, = %rl,vﬁ E, = irl

3¢,
bién trudng trong qué cau 12 ham tuyén tinh cda r (hinh 1-11)
2- Néur > R (bén ngoai qua cau).
4

®, = [D,dS = D, -4xr} = p-ng3 = q
S
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q

E, = ———
4re, r22

Pién trudng bén ngoai tring véi dién trudng clia mot dién tich di€m q
dit tai tAm qua cau.

}———-V

2/

=
Sy

0 R
Hinh 1-11

§1.5. LUGONG CUC PIEN.
1) Dinh nghia.
Ludng cuc dién 12 mot hé 2 dién tich cing do 16n, ngudc dau, dit cdch
nhau mot khodng c6 dinh [ (hinh 1-12).
Ludng cuc dién dudc dic trung bing momen ludng cuc P = qT. Trong
d6 I 1a véc td hudng tir dién tich —¢ d&n dién tich +q.

v

+q/o—>f
° =0 I

v

v

P — —

-q

v

Hinh 1-12

2) Tdc dung cua dién truong lén ludng cuc.
a- Ludng cuc trong dién truong déu.

Luu Thé Vinh
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M&bi dién tich chiu tic dung ctia mot luc f= qE . Céc lyc tic dung 1én 2
dién tich c6 d6 16n biing nhau, nhung ngudc huéng nhau, nén tao ra mot ngau
luc c6 mOmen:

M = gElsin(IE) (1-24)
Hay duéi dang véc to M = [F E]
Ngiu lyc 1am cho Iudng cuc quay trong dién trudng, c6 xu hudng sao
cho véc to ludng cuc vé song song vdi dién trudng. (P TTE).
— Néua= (Ff) =0, ta 6 trang thdi cAn bing bén: (P TTE).
— N&uoa= 7, tacé trang thii cAn bing khong bén: (P TV E).
a- Ludng cuc trong dién truong khong déu..

Giad st ban dau ludng cuc nim song song véi mot dudng sic dién
trudng. Moi dién tich s€ chiu tdc dung ctia mot luc, nhung d6 16n cla luc dit
1én 2 dién tich khong bang nhau (hinh 1-13).

f, f, f
- — — @ > >
q | *q g
/
Hinh 1-13

Luc tdc dung cta dién trudng 1én dién tich —q la:
f,=—qE,

Trong d6 E 1a dién trudng tai di€m dit dién tich —g.

Luc tac dung cta dién trudng 1€n dién tich +¢ la:

= e A e -
a1 l1a bi€n thi€n cua cudng do di€n trudng doc theo truc ludng cyc.

Luc tong hop dit 1én ludng cuc sé la:
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Hay: =grad (PE) (1-25)

Luc nay c6 huéng v€ phia dién trudng manh nén tdc dung cla né sé
kéo ludng cuc vé phia dién trudng manh .

Trong trudng hop tdng qudt, khi ludng cuc c6 vi tri bat ky trong dién
trudng thi ngoai tic dung cta lwc f =grad (PE), ludng cuc cdn chiu tic dung
clia mot ngdu Iyc 1am cho né quay vé huéng song song vdi dién trudng.

N6i cdch khéc, khi dit trong dién trudng, ludng cuc s& bi quay vé hudng
song song vdi dién trudng va bi hidt vé phia dién truSng manh. Piéu nay gidi
thich hién tugng hit giita vat tich dién va vat trung hoa, ching han diia thdy
tinh hay Ebonit nhiém dién c6 thé hiit dugc cdc vat nhe.

§1.6. PIEN THE.
1) Cong cua luc dién truong.

Xét chuyén dong ctia mot dién tich thif qo trong dién trudng do dién tich
di€m q tao ra theo mot dudng cong MN (hinh 1-14).

Hinh 1-14

Luc di€n trudng tic dung 1€n dién tich g la:
49,

Fleafg -,

Cong nguyén to trong di chuyén vd cting bé dl :

dA = F-dl =Fdlcos(F -dl)=F -dr=q,Edr

Luu Thé Vinh
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Cong toan phin trén doan dudng MN :
qq, Fdr _ qq {1 l}

Argy ur?  Admeg | T,

r2
A= [dA=[F-dr=

MN rl

(1-26)

Biéu thiic (1-26) cho thi'y cdng A khong phu thudc vao dang dudng di,
chi phu thudc vao diém diu va diém cudi dudng di ( 7, & r,). Pién trudng c6
tinh chat ciia mot trudng thé.

e Luu s6 ciia véc to E. Xét trudng hop dién tich thi qo di chuyén theo
mot dudng cong khép kin.

Cong nguyén to trong di chuyén vo ciing bé dl 1a:

dA = Fxdl = Fdlcos(Fxdl)= q,Edlcos(Exdl)

Cong di chuyén mot don vi dién tich duong theo mot cong tua kin Z'1a:
~l 1 ~ ~
A= NNEdl = @\Edlcos(Edl) = QEdI
2 v v

Theo tinh ch4t th€ cia trudng tinh dién ta co:
A= §Edl =0 (1-27)
<z

Trong trudng hgp tdng quat, tinh chit th€ cda trudng tinh dién dugc
Viét:
rotE =0 (1-28)
2) Dién thé, hi¢u di¢n thé.
a. Thé ndng ciia dién tich trong dién truong.

bién tich dit trong dién trudng sé cé th€ ning (tuong tic). Cong di
chuyén dién tich trong dién trudng bing d6 gidm th€ ning cla né.
A=W -W, (1-29)
Trong d6: W, — thé ning cia dién tich qo tai di€ém M

W, — thé niing clia dién tich qq tai di€ém N
Tu (1-29) va (1-26) ta co:

A=W, —W. =_d% 9%
. ’ Are,ry  4drme,yl,

Hay w, = e & w,=—H__c
Areql, Are,r,

Tdng quat, thé ning cla dién tich g, trong trudng & toa do r 1a:
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W = 9% +C

Argqr
Trong d6 C 1a mdt hing so tuy.
Ngudi ta quy udc khi r = ag W =0,

ta tinh dugc C = 0. w 4
Tur do:
W = _ % (1-30) g va qo cung ddu
Arg,r

D6 thi biéu dién th& ning clia hé hai
dién tich cing diu va khdc diu trinh bay O
trén hinh 1-15.

b. Pién thé,

Ta hay lan lugt dua cdc dién tich thi
90 q1, @2, ... vao cling mot di€m clia trudng
do dién tich q gy ra. Cac dién tich s& c6
th€ ning tuwong tng W, W, W,, ... khic

v

q va qo khdc ddu

N L Hinhl-15
nhau. Tuy nhi€n ta thiy cdc ty so:
W W W
0 -1 _-_2_ . = const
do a; d,

Ty s6 trén khong doi tai mdi di€ém clia trudng, né dic trung cho trudng vé
mit ning luong, ngudi ta st dung dai lugng ndy va goi la dién thé:
W q

do Arg,r

c. Hiéu dién thé.

b

z

dé&n bi€u thitc cong (1-29) ta co:

>,
«\

A=W -W, = g (- @) =qoUn
Pailugng U, = ¢ — ¢ goila hiéu dién thé gifta 2 di€ém MN. Ta c6:
A

Sl (1-32)
Jdo

)

Luu Thé Vinh
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Nhu vay: “Hiéu dién thé giita hai diém c6 gid tri bdng céng ciia lyc tinh
dién lam di chuyén mot don vi dién tich dwong giita hai diém dé.”

A
Ta lai co: @, — @, =N
U0
~ o 2 A N ~ N 2 Al\/loo ~ 2, ,
N€u diém N ¢ vo cung thi ¢, =0. Twr dé: ¢, = ——. TOng quat ta co:
Jo
A
o= (1-33)
Qo

Vay: “Dién thé tai mot diém cé gid tri bing cong ciia lyc truong khi di
chuyén mét don vi dién tich duong tir diém ta xét ra vo cing.”

3) Mt ding thé.

Quy tich hinh hoc ctia nhitng diém c6 cung dién th€ dugc goi 14 mit
ding th€. Phuong trinh ca mit ding the:

o(F)=@(X,y,2)=constoe (1-34)

v

v

v

m

v

a)

Hinh 1-16

C4c tinh chat dic trung:
— Cong di chuyén dién tich trén mit ding thé& bing 0.
Avmn= qo(pm—on) =0
— Véc td dién trudng vudng géc véi mit ding thé tai moi diém.
That vdy, ta hiy xét cong di chuyén mot dién tich g trén mit ding thé
gitta hai di€ém M va N.
A=FE -MN =q,E-MN -cosa =0
0o, E, va MN # 0, = cosa =0, haya=90"
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Quy udc: Mat do dudng ding th& cho biét sy bi€n thién cla dién thé
trong khong gian. Khi dé ta co6:
— Pién trudng déu: Mit ding thé 1 cdc mit phang song song cich
déu, vuodng géc vdi cic dudng sitc dién trudng (hinh 1-16, a).
— Mit diang th€ cla dién trudng do dién tich di€m tao ra 12 mit ciu
dong tim (hinh 1-16, b).

4) Lién hé giiia dién thé va dién truong.

— Véc td cudng dd dién trudng E dic trung cho dién trudng vé phuong
dién tdc dung luc.
— Dién th€ ¢ dic trung cho trudng vé mit cong, ning lugng.
Do vay hai dai lugng nay phdi c¢6 moi lién hé vé6i nhau.
Xét 2 mit ding thé€ rat gin nhau ¢; vd ¢, cich nhau mot khodng dx .
Gi4 st c6 mot dién tich thi g di chuyén theo dudng stic dién trudng tir mit ¢
sang mdt ¢, (hinh 1-17).

Cong thyc hién trong di chuyén nay 1a:

(05
dA=F.dx = q, E.dx
Mitkhac: dA = qo (1 — @) = —qod@. ®1
Do d6:q, E.dx = —qod . N B
d
Hay: E, = ——~ (1-35)
dx
, o~ do . o en o
Ty so ™ bi€u di€n sy bién thi€én cua
X
dién thé theo phuong x dugc goi 1a gradien
(grad) dién thé€ theo phudng x. Trong trudng Hinh 1-17
hdp tdng quit ta co:
E = —grade (1-36)

5) Thé ndng cua hé dién tich diém.

Giita c4c dién tich diém ludn ludn c6 tuong tdic Coulomb. Khi di chuyén
cdc dién tich can thyc hién cong. Do d6 cdc dién tich c6 du trit ning lugng
dudi dang thé ning tuong tic, né chinh bing cong dé thi€t 14p nén hé.

Xét hé 2 dién tich di€m ¢, va ¢, .

— Khi 2 dién tich § cdch xa nhau ( r, = 0) th€ niing tuwdng tdc giita ching

bing 0.

Luu Thé Vinh
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— Khi dua ching lai gin nhau ta phdi thuc hién mot cong dé thing cong
cén clia Iyc trudng. Cong nay s€ bi€n thanh th€ ning clia hé dién tich.
Ta c6: cong thuc hién d€ dua dién tich g1 tit o0 vé cdch g, mot doan ry, 1a:

A= —q1 (@ — @) =q1pn
Trong dé ¢, 1a dién thé tai di€m dit g, do ¢, gay ra.

o = 2
. 4reqr,
Do dé: A = -kl (1-37)
Areqr,

Tuong ty, cOng dé dua dién tich g, tr © vé cdch g1 mot doan ryp 1a:
A2 = & (1-38)
ey,
Tu (1-37) va (1-38) ta cé:

A; = A, = th€ ning tuong tdc Wt cia hé 2 dién tich.

Al = A2 = Q](01 = Q2(02 = Wt (1-39)
Hoic viét dudi dang d6i xing:
1
W = E(%(Pl +0,0,) (1-40)

Néu bay gid dwa thém mdot dién tich g3 vé cich g, mot khoang ry3, cach
q> mot khodng 7,3 thi cong cin thyc hién s& phai 1a:

q, op;
A; = = + 1-41
3 = 0393 =03 { Azl | ATy } (1-41)
Trong d6: @5 = % + 92 1a dién th€ do g, va ¢, gy ra tai

Arggls  Ameylyg
diém dit gs.
Cong toan phan hgp nén hé 3 dién tich bing thé ning tuong tic clia hé,
cO gia tri:

W, =A=A +A =A +A; =02 g1 G H2 [
4reqr, Arggly  Ameyry,

1 q q q q q q
== L+ —— 140, 42— |40 IR
2 Arggl, Amegl Arggl, Amegly Arggls  Ameylyg

1
W, = E(ql¢1 + 0,0, +0303). (1-42)

Trong dé: ¢, — dién th€ do ¢, va g3 giy ra tai di€m dit q,.
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¢, —dién thé do g, va g3 gdy ra tai di€m dit ¢,.
@3 — dién th€ do g, va ¢, giy ra tai di€ém dit gs.
Téng quat, trudng hop hé gdm n dién tich , thé ning tuong tic clia hé:

1.0 10 )
Wo = 23000 = 520 ik (1-43)
i=1

i1 ka1 4megliy

Tdng 14y theo moi gia tri cla i,k tf 1 d&n n trir gid tri i=k
— N&u hé dién tich phan bd bat ky, lién tuc trong mién khong gian nao dé véi
mat dd dién mit o va mat do dién khoi p thi thé ning clia hé:

1 1
W, =Ejp(pdV +§ja¢ds (1-44)
\ S

@ — dién th€ do toan bd hé dién tich gy ra tai diém dit cia dV va ds.

6) Nguyén Iy chong chdt dién thé .

Xét mot hé dién tich di€m qi, ¢, ..., G, ...., gn . Gid st c6 mot dién
tich thit gy di chuyén trong dién trudng do hé gy ra. Luc tdng hdp clia trudng
tdc dung 1é€n g la:

—

f=f+fr+f =7,

Cong lyc trudng di chuyén g, tit M d&n N 1a:
Aw = [ fdl=[fdl+[ fodi+. .+ [ fodl =) A
MN i

MN MN MN

Theo (1-26) ta co6:

d; d;
A = -
! q0(47zgo r,  4ne,r, J

Trong d6 r;; va rp 1a khodng cach tir ¢; t6i M va N.

Matkhac: Ay, =W,, —W, —{%24 3 _qOZ -, }

V2o gy,
=qo(Pm— On).
L P d d;
T d6 ta c6: Oy = oy = .,
M ,Zzll Arg, iy N ,Zzll Argyli,

Vi M va N 1a bat ky, nén dién thé gdy bdi hé dién tich diém tai mot
di€m xdc dinh bdi ban kinh 7, s& 1a:

Luu Thé Vinh
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p =Y (1-45)

Né&u hé dién tich phan bd trén bé mit véi mat dd dién mit o:

Arey 5 T

Né&u hé dién tich phan bo theo thé tich véi mat do dién khdi p:
dreyy T

Q = (1-47)

7) Cdc vidu dap dung.

Vi du I. Tinh cudng d6 dién trudng giita 2 ban phing song song vo han, tich
dién déu vé6i hiéu dién thé U = ¢, - ¢,. (hinh 1-18).

Ta c6 mit ding th€ 13 cdc mit

. . Pi
phang song song cidch déu nhau va oL L
vudng goc v6i cdc dudng sic di€n Y Y Y Y YV Y
trudng. Ap dung cong thic: N
E = —grade ?>
Ta co: Hinh 1-18

d @2
E:—‘;—q’ — Edn=—dp = _[Ednz—_[dgo
n
0

[

Ed=¢, —¢,,hay E = % :%

Vidu2

Tinh cudng do dién trudng gy bdi ludng cuc dién tai mot di€m bén
ngoai cach xa ludng cuyc (hinh 1-19).

bién th€ gdy bdi ludng cuc tai M la:

ooy O q[i_gj

g n-n
(0 — .
dre, 1T,
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Vi ry, r, >> [ nén c6 thé 13y:
. 2 31 0or
ri—ry,= lcosO; rir=r,véi 0 = (p,r)
ta co:

1 cosé
N EY)

Are, r

Theo hé thic E = — grade, tacé:

E-E +E
cos &
Trong d6: E, =—d¢ - P 3
dr 21yl
w  E=-22

dt
Xét di chuyén vd cting bé MM’ theo
phuong E,. Ta c6: MM’= dt = rd 6.
do psiné Hinh 1-19
" rdo N drzgyr® .

Vay: E=JE2+E? = P _1+3cos?0

drrgyr®

T dé: E, =

Véc td E hop véi phuong r mot géc a, véitg a=E/ E, = 1/2 tg.
— Khi 8=0, di€m M nim trén truc ludng cuc (vi tri chinh Gauss thit 1)

e_ P

- 3
27, ¥

— Khi =1/2, diém M nim trén dudng trung truc cla ludng cuc (vi tri
chinh Gauss thtt 2):

E-—P_
Argyr
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Chuong 2.
VAT DAN DIEN
§ 2.1. CAN BANG TINH PIEN, NHUNG TiNH CHAT CUA VAT DAN

CAN BANG TiNH PIEN
2.1.1. Vit ddn cdin bang tinh dién.

Vat din dién 12 nhitng vat c6 chita cdc dién tich ty do. Pdi v6i kim loai
c4c dién tich tu do 1a cdc electron dan.

Khi dat trong dién trudng, dudi tic dung cua luc trudng cdac dién tich
trong vat din s& phan b6 lai. O trang thdi cAn bing tinh dién cudng do dién
trudng tai mot diém bat ky bén trong vat din bing khong.

—

E=0

Theo (1-36)tacé E = —grade =0, tir d6: ¢ = const , nhu viy:

— VAtdan cin bing tinh dién 13 vat ding thé.

Mit khéc, theo dinh 1y OG thi: divE = =0, = p=0.

€o

— Trong vat dan cin bing tinh dién khong chia dién tich phian bd theo
thé tich. C4c dién tich phan bd thanh mot I6p méng trén bé mit vat din. Vi
mit vit din 12 mit ddng thé nén véc to cudng do dién trudng phai vudng goc
vGi bé mit vat dan tai moi di€m. Gid tri clia véc td E tai mot dié€m sat bé miit
vat din biing bao nhiéu?

Ta hdy chon mit kin . bao goém:

— mot mit tru thing didng, vudng goc E
v4i mit vat dan;

— ¢6 diy AB di qua M, day kia la mot
phin mit A’C’B’ tly ¥ bao bén trong
vat dan (hinh 2-1).

Tinh dién dich thong toan phin di qua

mat kin >..

e Qua mit bén cia hinh tru dién dich
thong bing 0.

e Qua mit diy A’C’B’ dién dich
thong ciing bing 0 vi trong vat dan
E=0.

e Dién dich thong toan phian qua mit 2. bing dién dich thong di qua
mdt diy AB:

oy

(FB

Hinh 2-1
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O=D-S=g=0-S§
D =o; va nhu vay: E=2.
€0

Dién trudng & sdt mit vat din c6 gid tri 16n gap 2 l1an dién trudng do
mot mit phang mang dién gay ra.

Nguyén nhén. Mdi mot phan ciia dién tich S luén giy ra vé 2 phia mot
dién trudng c6 gia tri o/ 2¢ . Nhung cdc dién tich trong vat din phdi phin bo
sao cho dién trudng do chiing sinh ra trong vat din phdi biing 0. Mudn thé céc
dién tich bén ngoai S phdi gy ra mot dién trudng o/ 2¢ o ngugc chiéu véi
dién trudng do cdc dién tich § S giy ra trong vat din Iam triét tiéu né. Bén
ngoai vat din 2 dién trudng trung nhau. K&t qua dién trudng tdng cong bén
ngoai vat dan ting 1én gip doi.

2.1.2. Hién tugng dién ¢ miii nhon.

O trang thdi can biing tinh dién cdc dién tich phan b8 thanh mot 16p
mdng trén bé mit vit din, nhung sy phan bd ndy phu thudc vao hinh dang bé
mit vat dan. Thuc nghiém cho thdy ring dién tich phdn bd tip trung nhi€u
nhat tai nhitng chd 16i (miii nhon) cda vat . Do dé, cudng do dién trudng cé
gid tri cyc dai tai chd miii nhon. Hién tudng trén din dé€n hiéu dng “ro dién” §
miii nhon.

Nguyén nhdn: Tai miii nhon do E 16n, gdy ion héa khong khi xung
quanh 1am xudt hién céc ion duong (+) va cdc ion 4m (-). C4c ion cling diu
vdi dién tich & miii nhon bi luc diy Coloumb sé& di rdi xa né, ngudc lai cdc ion
khdc diu véi dién tich cia mili nhon sé& bi hidt va 1am trung hoa dan dién tich
cia miii nhon (hinh 2-2). K&t qud, dién tich ctia miii nhon s& mat din.

\\
//

+ 4—
> S
+I+ +EB_,

b)

a)

Hinh 2-2. Hién tuong dién ¢ miii nhon

Hién tugng dién & mili nhon dudc tng dung nhiéu trong ky thuit:
— Ché€ tao cdc mdy phét tinh dién;
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— Chong sét;
— Chong 10 dién trong cdc mdy, dong cd 1am viéc véi dién cao thé, cdc
bod phan kim loai ctia dong co dudc ché tao dudi dang tron, nhin.
2.1.3. Man chdn tinh dién — Néi dét.

0] trang thai can bing tinh dién bén trong vat din khong chita dién tich
bién trudng trong 1ong vat din bing 0. K&t qud nay ding cd doi v6i vat dan
rong & gitta va khong phu thudc vao ciach lam xuit hién dién tich trén vat
dan.

Vi du: Mot vat din rdng dit trong dién trudng, trong vat din sé xuat
hién céc dién tich hudng ng. C4c dién tich nay phan bd trén bé mit cla vat
din d6 ma khong giy ra dién trudng bén trong vat. Nhu vy, mot vat dan rong

Hinh 2-3

c6 tac dung nhuw mot “man chdn tinh dién” (hinh 2-3,a). Ching bdo vé cho cic
dung cu dit bén trong phan rdng s& khong chiu tic dung clia dién trudng.

Hiéu tng trén con dugc ding trong viéc truyén dién tich tir vat din nay
sang vat din khdc. Vi du, cin truyén dién tich cho mot tinh dién k&, ta ndi
dién k&€ véi mot hinh tru kim loai (hinh tru Faraday). Pua vat tich dién vao
trong 10ng hinh tru. Dién tich s& chay hét ra ngoai hinh tru réi truyén cho dién
k& (hinh 2-3,b).

Ung dung nita trong ky thuit 12 “ndi dar’ . Thudng ndi di't vé mdy dé
phong khi bi 10 dién thi dién thé giita vé mdy va dat bing nhau, trdnh bi dién
giat khi st dung.

§2.2. PIEN DUNG - TU PIEN.
2.2.1. Pién dung ciia vét dén.
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Khi truyén cho vat din mot dién tich q thi mat dd dién mit clia vat dan
t§ 18 v6i dién tich q.
o= kg
k —hé s6 ty 1&, n6 12 mot ham cda toa dd di€m bé mit vat din.
Dbién thé tao ra béi cic dién tich 1a:
IadS g (kdS
dney s 1

2-1
472'80 D

V6i mot vat dan co 1ap tich dién, dién thé ¢ ctia né ty 1€ véi dién tich q.
-1

kdS

Q = i; hay : C = 4xg, [ﬁ— (2-2)
) r
3

C dudgc goi 1a dién dung clia vat din cd 14p, c6 gid tri bing dién tich can

truyén cho vat din d€ 1am ting dién th€ vat din 1én 1 von.

Vi du: dién dung clia mot qua cau cd 1ap ban kinh R ¢6 gi4 tri:

C=4ngy R (2-3)
2.2.2. Tu dién.
Hé thong 2 vat din dit cach dién, gan nhau, tich dién trdi ddu c6 ciing
dd 16n, sao cho dién trudng tao bdi hé tip trung trong mién khong gian gidi
han béi chiing tao ra mdt tu dién. Hai vt din goi 12 2 bdn tu.
Dbién trudng gitra 2 ban tu ludn ty 1€ v6i dd 16n cia cac dién tich:
E~q.
Ma theo theo (1-36) thi E = - grade, tic dién th€ ¢ hay hiéu dién
thé U ty 1& v6i dién tich g. Ta c6 thé viét:
g=C@-@=CU
Hé s6 C dic trung cho kha ning tich dién ctia tu dugc goi la dién dung
cua tu:

c=—9 _
%)

Néu ¢, — =1V thi C = ¢g. Nhu vay:

“Pién dung cla tu dién c6 tri sO bing bang dién tich trén tu khi thé hiéu
gitta hai ban1a 1 von.”

Don vi: Trong hé SI di€n dung C c6 don vi la Fara (F).

1 Fara (F) = 1 Culdng trén von (C/V).

bién dung phu thudc vao vi tri, hinh dang, kich thudc cua cdc ban tu,
vao moi trudng cdch dién gitta hai bdn ty. Khi gitta 2 ban tu 1a chit dién moi,
dién dung cda tu dién ting 1&n € 1an. (e dugc goi 1a hiing s& dién mdi).

(2-4)

Q[

Luu Thé Vinh



- 32 - PIEN TU HOC

2.2.3. Dién dung cua mét vai tu dién don gidn.
1) Ty dién phdng (hinh 2-4.a).
Pién trudng gitta hai ban tu 12 déu va c6 gid tri:

E=2
€o
Hiéu dién th€ gita 2 ban tu:
U=Ed-= O-—d
€0
bién tich cia ban tu: qg=0S
S
Tux do: c= 4 _ %0°
U d
N&u gifta 2 bdn 1a dién moi (g) thi:
£EYS
c= "2 2-5
J (2-5)
+o S
1
JE
l
—o
a) b)
Hinh 2-4

2) Tu dién cdu (hinh 2-4,b).

Dién tich trén 2 bdn tu 12 —q va +q. Do tinh chit d6i xitng nén dién
trudng gitta 2 ban tu tai nhitng diém cdch déu tAm 13 nhu nhau va huéng
vudng géc véi mit ciu.

1
E — .1
4%80 r2
Véc t6 E trung phuong v6i phdp tuyén cia mit ding th€ va tring
phuong ban kinh clia 2 mit ciu nén:
dp _ _dgp _ 1 4
2

E = - = =
dn dr  4rngy r

ar

2

Tir d6: dp = 4
4rey r
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drey w1 ey \ R, R,
4
c-_—4 _ % (2-6)
2 %) 1 _L
Rl R2

—~NéuR,>>R,,hay R, — o0, ta cé:
C =4rg R, —bing dién dung clia mdt qua cau cd lap.
—~N&uR,-R,=d<<r thi:
Trong d6: S =4z =~ dién tich ctia mit tu. K&t qua trén triing v4i dién
dung cia tu dién phing.

3) Tu dién hinh tru (hinh 2-5).

C = 4rg,

Goi dién tich trén 1 don vi dai cta hinh try 12 +¢g va —g . Pién thé trén 2
bdn tu 13 @ vd ¢, . Dung dinh 1y Gauss va bi€u thdc lién hé (1-36)
E = —grade, ta c6:

a R T —— N

_ » R
o= 27, ! R, T
Va:
q 27[80
C = = (2-6)
O — P, In R, —1—1 R
R, //_ \

N6i riéng, k&t qud trén 1a dién dung clia
mot day cdp boc kim (rudt kim loai, xung

T o . R Hinh 2-5
quanh la cdp ludi), trong trudng hgp nay ta
nhan thém hing s& dién moi e.
2ree
C = 7 0 (2-7)
In 2
Rl

2.2.4. Ghép tu dién thanh bo.
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MOdi tu dién déu c6 2 tham s dinh mifc 1a dién dung clia tu va dién 4dp
lam viéc 16n nhat cho phép.

Pién 4p lam viéc 16n nhit cho phép clia tu 13 gia tri dién 4p I6n nhat
c6 thé dit vao tu ma khong gy ra su ddnh thiing 16p dién moi giita 2 ban tu.
Gi4 tri nay phu thudc vao bé day 16p dién mdi, tinh chat va hinh dang cda cic
ban tu.

Trong thuc t€ si dung, d€ dat dugc cic yéu cau vé dién dung va dién
4p st dung, ngudi ta phdi ti€n hanh ghép céc tu dién.

1) Ghép néi tiép (hinh 2-6,a).
Ghép ndi ti€p nhim Iam ting dién 4p sit dung ctia bd tu.

c1

|
ST h__ B 2 e :
o} o} o o)

[ [ [ [

a) D)
Cn
|
Hinh 2-6

Thuc vay, do hudng ing toan phan nén dién tich cda cic tu déu bing
nhau va bing Q va bing dién tich cta bd tu.

Or=0= ... =00 =0 = Oas (2-8)
Hiéu dién th€ trén tirng ty 1a:
Ulzg’ U2:2,...’ Un:g
Cl CZ Cn
bién dp cua bd tu b?lng téng cdc dién 4p ri€ng phﬁn:
UAB = U] + U2 + ... + Un (2-9)
UAB—Q(L'FL"' 1 ]_—Q
1 C2 Cn CAB
Trong d6 Cyp — la dién dung tuong duong cla bo tu:
_1 — L + L + ... +L — L (2_10)
C.p C, C, C, i1 C;

2) Ghép song song (hinh 2-6, b)
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Ghép song song nhim lam ting dién dung twdng duong clia bo tu. Thuc
viy, gid st ta c6 n tu ghép song song vdi nhau. TAt cd cdc tu déu chiu cing
mot hiéu dién thé U.

U=U,=...=U, =U =Up (2-11)

Talinluotcé: Q,=C, U Q,=C,U, ..., 0, = C,U.

Dién tich ctia bd tu bing tong cdc dién tich riéng phan:

Q=01+ Qo+ ...+ 0y = 0 (2-12)
Oap =(C1+ Co+ ... + Cy) U =CygU
Trong d6 Cyupla dién dung tuong duong cla bo tu:

Cuy =C,+Cy+--+C,=>.C, (2-13)
1=1

§2.3. NANG LUONG PIEN TRUONG
2.3.1. Nang luong cua hé dién tich.

Ning lugng cia mot hé dién tich didng yén hay thé€ ning tudng tdc tinh
dién clia hé bing cong d€ thi€t 1ap nén hé. Vi hé gdm cdc dién tich q;, qo, ...
, is --- » o NAng lugng clia hé c6 gia tri:

1 n 1 n n . .
W= Yag= 5 XY ik ek (2-14)
i=1

i1 ka1 dmegry,

@; — dién thé tai di€m dit dién tich ¢; do toan hé (trir ¢;) giy ra.
ri — khodng cach gitra cac dién tich g; va g;.

2.3.2. Néing luong ciia vit din tich dién.

La thé& ning tuong tic giita cdc dién tich dinh x& trong vat din. N&u vat
dan khong chiu tic dung cla trudng ngoai (co 1ap) thi ning lugng riéng tuong
tng cua cdc dién tich trong né la:

1
ap = o= Co’ (2-15)

Trong d6 C 1a dién dung clia vat dan.

2.3.3. Nang luong cua tu dién da tich dién.

Mot hé dién tich ba't ky déu c6 ning lugng theo (2-14) va (2-15). Ning
lugng d6 chinh biing cong d€ thi€t 1ap nén hé.

Ta hay xét mot tu di€n dudc tich dién.

Goi u la hiéu dién th€ tifc thdi trén tu & thdi di€m t trong qué trinh nap
cho tu, tuong tng v4i dién tich trén tu 1a q.
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Ta c6: q=Cu, dg = C du.

Cong ctia ngudn dé dua thém mot dién tich dg t6i ban tu 1a:
dA = udq = Cudu

Cong toan phan dé thiét lap nén hé€ dié€n tich trén tu la:

U
A= jdA - jcudu _ Lew? (2-16)
! 2

Cong nay bi€n thanh th€ ning clia hé dién tich trén tu, tifc ning lugng
cua tu dién.

1 ., 10* 1
W= =-CU*’=—-=%- = —QU 2-17
2 2 C 2Q (e-17)

2.3.4. Nang lvong cua dién truong.

Mot hé dién tich bat ky déu c6 mang ning lugng. Ning luong nay dugc
dinh xit § dau? Bing thyc nghiém va ly thuy€&t khi nghién cttu trudng dién tir (
gdm cd E vd H bién thién theo thdi gian) ching td ring trudng dién tir c6
mang nang lugng.

Ning lugng cia mot hé dién tich dinh x& trong khoang khong gian c6
dién trudng. Noi cach khdc di€n truGng mang ndng lugng.

Xét dién trudng déu giita 2 ban cia mot tu dién phiang. Ning lugng clia
hé theo (2-17) la:

we Lepre LEoS
2 2 d
2
1 1
hay W= —850£U2: —E&, (g) Sd = —gg,E*V
2 d 2 d

Trong d6 V = Sd — thé€ tich cda mién khong gian chira dién trudng.
Nhu vdy, ning lugng cda mot dién trudng déu 1a:

W= %gsOEZV (2-18)

Mat dd ning lugng di€n truGng:

w 1 )
w=—=—¢g&, F 2-19
v~ 5% (2-19)

Vi dién trudng khong dong nhat gid tri mat dd ning lugng trudng thay
ddi tr diém nay sang di€m khdc. Ning lugng toan phan clia trudng dudc xdc
dinh bing bi€u thic:
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Wy = [dW = lgo[gEzdv (2-20)
\% 2 \%

2.3.5. Phuong phdp anh guong.

Ta hiay xét hi€u Gng sau day: Giad st trong mdt di€n trudng nao do, ta
thay th€ mot mit ding thé bing mdt vat din c6 cling hinh dang va c6 dién thé
biing dién th& cla mit ding thé thi sy phan bd dién trudng xung quanh khong
hé thay d6i.

Dung hi€u ung trén day xét SV
cho trudng gy bdi 2 dién tich di€m gy
—g va +q dit cdch nhau mot | RN
khodng 2h. Btc tranh dudng stc  ,, h NN
dién trudng cho thdy dién trudng
do chiing tao ra ¢6 2 phan déi xing
v6i nhau qua mit phing MN. Vi
MN vudng gbéc v6i cac dudng suc
tai moi di€m nén MN 13 mot mit
diang thé€. Dé thdy dién thé€ clia mit Hinh 2-7
dang thé gy = 0.

Né&u bay gid ta thay MN bing mot mit phing din vo han va ndi da't mit
phing din (d€ tao th€ gy = 0) thi ta thi'y phan dién trudng giita dién tich +¢
va mit phang khong thay ddi. Hiéu &ng nay cho phép ta don gidn héa viéc
tinh todn cudng d6 dién trudng gitta mot dién tich +¢ va cac dién tich cdm dng
trén mit phing din. C6 thé xem —¢g 12 4nh guong cda dién tich +g qua mit
phing din: “Pién trudng giita dién tich di€m va mit phing din vd han tring
vGi dién trudng tao bdi dién tich khio sit va dnh guong clia né6 qua mit phing
dan”.

N6i cdch khidc: “Tdc dung giita mét dién tich diém véi cdc dién tich cdm
wng ciia né trén mdt phdng din cé thé thay thé bing tdc dung gita dién tich
khdo sdt vdi dnh guong ciia né qua mdt phdng dan”.
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Chuong 3. ,
PIEN TRUONG TRONG CHAT PIEN MOI

§3.1. HIEN TUGNG PHAN CUC PIEN MOI
3.1.1. Phédn loai dién moi.

Pién mdi 1a nhitng chit khong din dién, trong ching khong chita cdc
dién tich tu do.

Vé tinh chit dién mdi phan tif dién moi twong duong nhu mot ludng cuc
dién, c6 mdémen ludng cuc 3 = 5? Trong d6 ¢ 1a dién tich tdng cong cla cic
dién tich duong (hodc Am) trong phén ti, con [ 1a khodng cdch giita trong tim
cdc dién tich duong va di€n tich 4m.

Khi khong c6 dién trudng ngoai tdc dung, n€u [ = 0, phan tf dudc goi l1a
khong c6 cuc. Nguogc lai, n€u [ # 0, phan tf dudc goi 1a c6 cuc

D061 v6i cdc phan tit clia dién moi khong c¢6 cuc (H,, N, CCly, cdc
hydrocacbon v.v... ) khi khong c6 dién trudng ngoai, tim cta cic dién tich
duong va dién tich Am trung nhau, mdmen dién bing 0. Khi dit trong trudng
ngodi x3y ra sy bi€n dang cac phan tif (nguyén ti¥), tifc x4y ra su dich chuyén
cé huéng cua cdc dién tich trong truGng l1am trong tim cia cac dién tich 1éch
nhau va xuit hién mémen dién cdm tGng ty 1& v6i cudng do dién trudng E .

p =pe,E (3-1)

Trong d6 — hé s6 phan cuc hay do phin cyc clia phin tif hay nguyén
tr dién moi, né chi phu thudc vao thé tich cia dién mdi ma khong phu thudc
vao nhiét d6. Chuyén dong nhiét clia cic phan t dién moi khong 4nh hudng
dén sy xuat hién momen ludng cuc trong ching.

DPoi v6i cdc dién moi ¢ cuc ( H,O, NH;, HCI, CH;CI, v.v...) mdi phan
t c6 mdmen dién riéng khong doi ;: const, gdn véi tinh d6i xdng trong su
phan bo clia cdc ddm may electron va hat nhin ctia cdc nguyén ti¥ nay. Trong
tAm cta cac dién tich 4m va duong khong tring nhau ma ludn cdch nhau mot
khodng [ ¢& dinh. Ching goi 13 cdc ludng cuc ciing .

Khi dit trong dién trudng ngodi, mdi ludng cuc ciing c6 mémen P sé
chiu tdc dung mot ngiu lyc véi mdmen:

M=1[p E] (3-2)
Ngiu lyc nay c¢6 xu huéng 1am quay ludng cuc v€ dinh huéng song song
v6i dién trudng.
Néu dién trudng khong déu, ludng cuc con chiu tic dung ctia mot luc:
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F = grad(;-i) = p% (3-3)

—_—

OFE o o e . ~
Trong d6: 37 bi€n thi€n cua dién trudng doc theo truc ludng cuc.

Luc F hudng doc theo véc to 85/ ol va kéo ludng cuc vé phia dién trudng
manbh.
Thé ning cla ludng cuc cing trong trudng ngoai E 1a:
W, = =(p -E) = —pEcosf (3-4)
Trong d6 6 = (;,E) — gbc giltta truc ludng cyc va hudng cua dién

trudng E . D&u (=) ching t8 vi tri cAn bing bén clia ludng cuc Gng véi vi trf
c6 thé ning cyc tiéu.

3.1.2. Su phdn cuc dién mai.

Khi khéng c6 trudng ngoai, mé men ludng cuc ciia cdc phan ti dién
mdi hodc bing 0 (véi dién moi khong cé cuc) hodc dinh huéng hdn loan (véi
dién mdi c6 cuc). K&t qud mémen dién tong cong cda dién modi theo mot
phuong bat ky 1a bing 0. Pién mo6i khong phan cyc.

Khi dit trong trudng ngoai, dién mdi bi phan cuc, tifc 13 lic nay tdng
moémen dién cla ching da khac khong. Ngudi ta chia ra cdc loai phan cuc sau
day:

—Phan cuc dinh hudng: Xay ra véi cac dién mdi c6 cuc. Cac ludng cuc
ciing khi chua ¢é dién trudng phan bd hdn loan do chuyén dong nhiét. Khi c6
trudng ngoai, dudi tdc dung clia mémen ngau lyc (3-2) cdc ludng cuc sé quay
vé dinh huéng song song vdi dién trudng. K&t qua xuit hién sy dinh huéng wu
tién cua ludng cuc doc theo hudng dién truGng. Su phan cyc cang manh khi
ting cudng do dién trudng va giam khi ting nhiét d6. Hién tugng phin cuc
dinh huéng xdy ra v6i hang loat cdac chat 1ong va cha't khi.

—Phén cuc electron: Xay ra vé6i cac di€n moi khong cé cuc khi va 16ng.
Khi khong cé trudng ngoii cdc dién tich phan bo d6i xiing, mdomen tong sé
bing 0. Khi dit trong trudng ngoai x4y ra su dich chuyén ciia cdc dién tich Am
va duong theo huéng ngugc chiéu nhau. Mdmen dién cang 16n néu sy dich
chuyén clia cic electron trong nguyén ti¥ cang dé.

—Phdn cuc ion: Xay ra vé6i cac dién mdi tinh thé nhu NaCl, CsCl,... cé
cAu triic mang tinh thé ion. Khi dit trong trudng ngoai, hai mang ion trai diu

~ . A A N ~ LN A A
s€ dich chuyén ngugc chi€éu nhau va xuat hi€én mémen dién.
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3.1.3. Véc to phdn cuc.

PE& do mifc dd phin cuc dién moi ngudi ta dua vao khdi niém véc to
phan cuc P c6 gid tri bing tdng mdmen dién trong mot don vi thé tich.

>,
p = .=l
AV

Trong d6: n — s& phan ti (ludng cuc) chia trong thé tich dién modi AV
p; — mdmen ludng cuc cua phan tir dién modi thi i

(3-5)

— V6i dién mdi ddng chd't, ding hudng loai khong cé cuc khi dit trong
dién trudng déu thi:
P =mnyp
no — mat dd phan tf chat dién moi.
p —momen dién cam ¢ng cia mot phan tir.

Theo (3-1)ta c6 p = fBe,E, nén c6 thé viét:
P=n,fs,E = y&,E (3-6)

Trong d6: y =n,B —hé s nhi€m dién hay d0 cdm dién
— Vi dién moi c6 cuc, dong chat dit trong dién trudng déu :
P =nyp (3-7)
Trong d6: p — gia tri trung binh doc theo huéng dién trudng cia mdmen
dién riéng cta cdc phan ti tinh theo phan bo Boltzmann ddi v6i cdc hat trong
truong luc:
p =
3kT
pi— mdmen dién riéng khong d6i cia mdi phan ti,
T — nhiét d6 tuyét d6i ctia chat dién moi,
k=138 .10 J/dd — hing s6 Bolzmann,
E — cudng d6 dién truong tic dung 1€n ludng cyc.

2
5= i g (3-8)

3.1.4. Dién tich phédn cuc.

Khi chua phin cuc mat @6 dién tich lién két khdi va bé mit cla dién
moi 12 bing khong. Qud trinh phin cuc x4y ra su dich chuyén clia cic dién
tich lién két. Gid tri cla véc td mat do dién tich lién k&t khdi p’ va bé mit &
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phu thudc vao véc td phan cuc P. Cic dién tich lién két tuong Gng vdi su
phén cuc goi 1a di€n tich phén cuc.

Pién tich phan cuc thé tich xudt hién khi dién moi khdng dong nhat:

p' =—divP (3-9)

Néu dién mdi 1a ddng nhat, ddng huéng va & trong dién trudng déu thi
mat do dién tich lién k&t khoi s bing 0: p' =—divP =0

Trén bé mit dién moi xuat hién dién tich lién k&t bé mit véi mat do o
Xét mdt miu dién modi c6 dang mot hinh tru xién, ddy S, canh [ song song véi
véctd P (hinh 3-1).

Trén mot ddy xudt hién dién

tich v6i mat d6 —c’, ddy kia + . ¢
Mo6men dién cua hinh tru: n —
p =0o'§l — -
Thé tich hinh tru:
-o [ +0
V =S§8Icosa
Do 16n cia véc to phan cuc: Hinh 3-1
' 1 l '
p_ P _ oSl _ o (3-10)
Vv Slcosa cosa
Hay: o' = Pcosa = P, (3-11)

Vé6i P, — Hinh chi€u clia véc td P trén phdp tuy&n ngoai ddy hinh tru.
Theo (3-11) ta c6:
—Trén ddy phdi < 7/2 — cosa >0— o >0.
—Trén day trdi ¢ >7n/2 = cosa <0—> o <0.
Khi xét li€n hé gitra di€n tich phin cuyc véi véc to dién trudng Eta c6:
o = P,cosa = yeoEcosa = ye&, E, (3-12)
Theo (3-12) ta cé:
Tai ndi dudng stc di vao: a>n/2,E, <0, xuat hién o’< 0
Tai noi dudng stic dira: a<n/2,E,>0, xudt hién c’> 0

$3.2. PIEN TRUONG TRONG CHAT PIEN MOL

Khi phin cyc dién moi do xudt hién cdc dién tich lién két +6° va -G’
nén sé& hinh thanh mot dién trudng phu E huéng ngugc chiéu véi dién trudng
ngoai E,. K&t qui dién trudng trong chit dién moi sé 1a tdng hgp cla 2 dién

truong noi trén:
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E=E,+E (3-13)

3.2.1. Dién trudong giita 2 ban ciia mét tu dién phdng.

Xét khoi dién mdi ddng chat giita 2 ban clia mot tu dién phang. Céc
ban tu dugc tich dién déu trdi ddu véi mat d6 dién mitla +ova —o

Lép dién mo6i dugc phan cuc v6i mat dd di€én mdt tuong ing la +o0’ va —
o’.Ta co:
o o'
Ey=—, va E'=—
) )

Do E, va E’ cuing phudng, ngugc chiéu nén dién trudng tdng hop sé 1a:
oc-o o-P, o—-P

E=E, - E' = =
& ) &)

vio'= P, =P (cos a=1). Do dé:

— E
o A N E(l+y)e, = o.
€o
E
Hay: = ° = o = —-0 (3-14)
o1+ ) £, g

Trong d6: ¢ = (1 + ) — goi l1a hiing s& dién modi tuong doi clia moi
trudng. Viy =0 nén &> 1 d6i véi moi mdi trudng.
3.2.2. Lién hé giita cdc véc to D.,Eva P.
Trong chan khong ta da dinh nghia véc td dién cam:
D, = &k,
Trong di€én moi ta co: D = sE+ P (3-15)
Vé6i dién moi ddng chdt P ty 1& véi E va trung v6i E vé hudng, vi

vay ta co:

—

D = g,E+ ys,E=¢e,(1+y)E =¢,6E (3-16)
Ta lai c6:
- O'—O"= o
£, EyE
, , e—1
ocle-1) =o0e¢e = o = o (3-17)
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3.2.3. Dinh ly Ostrogradsky - Gauss cho dién moi.

Khi viét dinh 1y Ostrogradsky - Gauss cho véc td cdm tng dién D trong
mdt mdi trudng bat ky ta co:

[D,ds =3 g, wido (3-18)
S i
Néu viét cho véc td cudng dd dién trudng E thi:
[e0E,dS = Y g, tudo + g, lién ket (3-19)
S i k
Hay divE = i(p tw do + p lién kér) (3-20)
€o

Trong do: IDndS la dién thong xuyé€n qua mdt kin S ; Zqi tudo —
S i
tong s6 dién tich ty do chita trong mitkin S; > g, lién k&t — tdng cdc dién tich
k
lién k&t chita trong S.

> g, lienkét = —§Pnds (3-21)
k S

P, — hinh chi€u clia véc td phan cuc P trén phuong phip tuyé&n ngoi
clia nguyén t§ dién tich bé mit ds.
3.2.4. Dién truong gdy bdi mot vit mang dién hinh cdu ddt trong dién moi
dong chdt va ding hudng.

Xét mot vat mang di€n hinh cAu tich dién +¢ dit trong mdt chat dién
moi ddng chat, ddng huéng, vo han, c6 hiing s§ dién modi & . Tim cudng do
dién trudng tai di€m M cdch tAim qua cau mot khodng r.

Do phan cuc nén 16p di€én moi
sat b mit qud cau xuat hién mot 16p
dién tich phan cuc c6 mit dd —o co
gia tri:

o'= yeE(a) = (e -DgyE(a)

Trong d6 E(a) — cudng dd di€n
trudng trong dién moi tai mot diém
cdch tAim qud cau mdt khodng a, véi a
12 ban kinh qua cau.

bién tich lién k&t toan phan:

q'=0'x 4ma’ =4m’s,(s —1)E(a) Hinh 3-2
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Do tinh chat d6i xing cau, cdc dudng sitc 1a xuyén tAm, mit dd gidm ty
1& nghich véi binh phuong khodng c4ch téi tim qud cAu. Tic 1a:

E@ r’
E(r) a’
Do dé: q'=4nr’e,(e-1)E(r) = q — = (e—1E(r)
dre,r

Theo nguyén 1y chong chat, trudng tai M 13 tdng cia 2 trudng do q va q’
gay ra, tuc la:

1 q 1 q 1 q
E(n=E,(r)-E'(r)= —— —= ——(e-1DE(r
(=5 (0) " drey r* 4nme, r* Adme, r? (e=DEM)

E(r) = L a_EO (3-22)
dregy r g

Nhu vdy: Dién trudng trong chit dién moi dong chit gy bdi mot vat
mang dién hinh ciu nhd hon trong chan khong ¢1an.

Gié tri ciia véc to dién cam D: — |-
0
D:ggOE:4ﬂ_r2 EDO (3—23) + c
A A . A A oA RS A A A A - L4 i B
Két lugn: Khi lap day tu dién bang mdt di€n mdi - <t
ddng chit (da ngit tu khdi ngudn nap) thi véc to dién Q

caim Dkhong thay d6i, con cudng d6 dién trudng
E =D/ee, 6 mot diém batky sé gidm di & 1an.
) o ) Hinh 3-3
Néu dién moi khong 1ap day tu dién thi két qua
trén sé& khong ding. Vi du trén hinh vé (3-3) ta thiy tai B thi E < Eo, con tai A
& C thi E > E,.

§3.3. LUC TAC DUNG LEN PIEN TiCH PAT TRONG PIEN MOL.
Trong chan khong luc tic dung cia dién trudng 1€n dién tich ¢ la:

f = qE

Trong dién mdi. Khi mang mdt dién tich vao trong dién mdi ta phai tao
mot 156 hong trong dién moi d6. Néu dién moi 1dng va khi thi 16 hong sé& ¢
dang bé mit cia vit mang dién. Trén bé mit 16 hong s& xuit hién cic dién
tich lién két. K&t qua dién trudng tdc dung lén dién tich s& khac trong chin
khong.
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Né&u dién mdi rin thi hinh dang 16 hdng do ta quyét dinh. Sy phin bd
cdc dién tich lién k&t phu thudc hinh dang 16 hdng, cho nén lyc tic dung 1én
dién tich trong tirng trudng hdp cu thé sé& khic nhau.

D6i véi dién moi 16ng va khi con x4y ra hién tugng “dién gido”, 1a hién
twgng dién moi khi bi phin cuc sé& bi€n dang.

Nguyén nhin: Khi phin cuc cdac phin t& trd thanh cdc ludng cuc dién.
Trong dién trudng (néi chung 1a khdng déu) cic ludng cuc sé chiu tic dung
clia nhitng luc dién. K&t qud trong chat dién mdi va & miit gidi han chit dién
mdi va vat mang dién s& xuat hién cdc lvc co hoc.

Vi du: Xét mot tu dién phiang chia ddy dién mdi 16ng hoidc khi. Trén bé
mit dién moi cé cdc dién tich lién két o’ (Hinh 3-4). Tinh lyc tdc dung gitta 2
ban tu.

Khi chua c6 dién moi, dién trudng cia moi to., g}d: | O

ban tu sinh ra 1a déu va c6 gid tri: L + L

o 0 + + b

2e, 2¢&,8
0 0 JdL + L
Luc tdc dung giita 2 ban ty c6 gia tri: 1 — T
Q2
F, = QE, Hinh 3-4

2¢,S

Khi 14p day dién mdi vao tu, luc F s& thay ddi. Ta dung phuong phip
cong 4o d€ tinh lyc nay. Ta c6 ning luong cla tu dién la:

0> 0 d

:E:%go S

Gia st di chuyén mot ban tu sang phidi mot doan &, ning lugng tu sé
bi€n thién mot lugng:

2
oW = 0 -0d
2e¢,S

Bié&n thién ning luong clia tu bing cong di chuyén ban tu:
Fod = oW = 0A
ow 0? F,

Hay: F = = = =2 3-24
Y od 288,S & (529

Nhu vdy: Luc tic dung gitta cdc ban tu nhd hon trong chan khdng ¢ lan.
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D6 véi dién méi rdn: Tuy thudc vao hinh dang 16 hong tao ra bén trong
dién moi. Ta xét mot sO trudng hgp sau day:
e L6 hong cé dang mot hinh tru diing dai.
Gi4 st trong dién moi dong cht, phan cuc déu, ta tao mot 16 hdng cb
dang mot hinh tru ding dai, c6 ddy nho va cé dudng sinh song song vdi véc td
phan cuc P (hinh 3-5, a).

+o N -0 +o N -0
+l -0 +o0+| F +l -0 +o+| L
+ + } HE B 4L
T e i + F + F
AL e -] + Lk JdL 4+ + L
+ F + F +F * + F

— >
+ + + b H+- e +F
/'\— s—
a) b)
Hinh 3-5

Trén 2 ddy xuit hién cdc dién tich phan cuc mit dd +o’ va -o’, v6i
o'=P,=P.

bit mot dién tich th ¢ = +1 don vi vao gilta hinh tru. Vi ddy hinh tru
bé va cédch xa dién tich ¢ nén tdc dung cta cdc dién tich lién k€t 1én ¢ rat nhd
so v6i tdc dung cta trudng ngoai. Do d6 lvc dit vao dién tich g c6 thé xdc
dinh theo bi€u thic:

—

F = gE (3-25)

Trong d6 E 13 cudng d6 dién trudng trong cha't dién moi.

e L4 hong cé dang mot hinh tru ditng ngdn, ddy rong va vudng géc v6i P
(hinh 3-5, b) thi khi d6 tdc dung cta cdc dién tich lién k&t 1én dién tich ¢
khong thé bd qua . Trén ddy c6 céc dién tich lién két :

o=P,=P.
Vi ddy rong va khodng cdch giita 2 ddy bé nén cdc dién tich lién két
gy ra gitra hinh try mot di€n trudng phu c6 huéng trung v6i E va c6 gia tri:
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Do vay cudng do dién trudng toan phan tic dung lIén dién tich thit dit &
tdm hinh tru c6 gia tri:

E=E+ L (3-26)
€9
Luc tdc dung 1én dién tich thir s€ la:
F = q(E + ﬂ] (3-27)
€9
Mit khic: P = yg,E nén
F = q(l+ y)E = q¢E =qg— (3-28)

0
e Lo hong cé dang mot hinh cdu. (hinh 3-6)
Trén bé mit cau xud't hién dién tich lién két o’ ¢6 gi4 tri phu thudc vao
vi tri ta xét, bdi vi Pcé gid tri va phuong chiéu nhu nhau, nhung thanh phan

A ~ k /()' M / A ~ k
P, trén mdt cau thay do61 theo vi tri trén mat cau.

n

Dung toa dd géc cuc @ va géc phuong vi ¢ dé€ dinh vi tri mdi di€m trén
mit cau. Ta cé:
c'=P,= Pcos0 (3-29)
Do tinh d6i xitng cau, nén ta thdy dién trudng giy béi cdc dién tich lién
k&t trén mit cau tai tAm hinh ciu c6 thé phan tich thanh 2 thanh phan:
dE,, = dE ,, +dE ,,, (3-30)

— Céc thanh phan dEphl s€ triét ti€u 1an nhau.
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— C4c thanh phan dE ,,, song song v6i P s& cong lai v6i nhau. Do vy
ta chi cAn xét cdc thanh phin dE ;.
Xét mot vi phan bé mit dS = stin9d¢9d¢) c6 chita dién tich lién két 1a

g=0'dS = o'R’sin0d0dy (3-31)
Pién tich nay gy ra tai tim hinh cAu mot dién trudng nguyén td:

1 o'dS 1 o'R’sinGd@dp

dE | = = o'sin@dod
‘ ph‘ dre, R* 4rg, R® drg, v
Hay: dE,, = Psin@d@dgcoso (3-32)
4re,
Va dE ., = LPcoszﬁsianﬁd(p (3-33)
4re,
1 T 2
— — 2 N
E, _(Md,jgf”h” = py P_([cos @sin6d o {d(p
1P
E,6 = — 3-34
T3, (5-34)
Cudng do dién trudng tdng hop & tAim qua ciu la:
E,=E+E,=E+ 1P (3-35)

3¢,

K&t qua nay dic biét quan trong khi xét cdc chit dién moi rin c6 ciu
tric tinh thé 1ap phudng. Mdi phan tif dién mo6i nim & giita cdc phan tf khic
mot c4ch trung binh ¢6 thé xem nhu phan tif nim & tAim mot 16 hong hinh cau.
K&t qua trén dudc 4p dung d€ tinh luc tic dung 1én mdt phin tif chit dién moi
phan cuc déu.

$3.4. BIEN THIEN CUA PIEN TRUONG G MAT GIGI HAN CHAT PIEN MOL

P& biéu dién dién trudng c6 thé dung véc to E hoic D = g,E + P . Trong
dién moi khong ddng chat gia tri clia hiing s6 dién mdi ¢ thay ddi tir di€ém nay
dén diém khic din dén gid tri clia cdc véc td E va D ciing thay ddi.

Ta hay xét hai 16p dién mdi dong chit c6 hiing s6 dién moi tuong Gng
€ va &, dit trong mot dién trudng déu Eo (hinh 3-7, a). Do phan cuc trén 2
16p dién mdi xuat hién cdc dién tich trdi ddu o,” va o,’. C4c dién tich ndy giy
ra cdc di€n trudng phu:
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€y €y
Gy + + + + + +
| | E
Oy~ - - _ - -
o+ + + + + +
| | E
o1 - - - - - -
A pend
EOn EO -
Hinh 3-7, a

Né&u E, hdp véi phdp tuyén mit gidi han mot géc ndo dé ta co:
Eo = Eon + Eol (3'37)

Dién trudng tong hdp trong dién moi & 1a:

Eln = Eon _Ei :Eon _i
80
. (3-38)
E2n :Eon _E‘2 :Eon _2
80
Thanh phan ti€p tuyé&n phu thudc vao dién tich lién két nén:
Eot = Elz = E2t (3-39)
Maitkhac o, = 1,6,E,:0, = 1,6,E,,. Do d6:
E. =EFE —yE
1n on ?(1 1n (3_40)
E2n = Eon _ZZE2n
E E
Eln — 1 on — on
+ X &
Hay: b (3-41)
EOVL EO}’l
Ezn = =
l+y, &

Nhu vdy: Khi di qua mit phan cdch thanh phan phdp tuyén cia véc td
E thay ddi, con thanh phan ti€p tuyén ciia né khong thay déi.
e XétvéctoD.
Ta co: D = ¢¢,E ., trong d6:
D]n = 8180E]n = goEon
D2n = ‘9280E2n = goEon
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D = g&E; = g&E,
Dy = &&Ey = &6,Ey,
Nhu vay ta co:

D
Dln = D2n & . :i
£
. o (3-42)
E,=E, & = 25_2
o €l

(3-42) dudc goi 1a cdc diéu kién bién clia cic véc td E & D.

Y nghia: Tt céc phuong trinh (3-42) ta thdy ring: Khi qua mit phdn
cdch cdc 16p dién mdi bién thién cla cdc véc td E & D 1a khdc nhau.

Ta hdy xét thong lugng clia cdc véc td E & D qua mot dién tich dS nim
tai phan giGi cia 2 16p dién moi (hinh 3-7, b).

: Dy
ds;
153
€ S : Din D
1 d 51 1 2t
a)

Hinh 3-7, b

—Xétvécto E tacé: dNg =E;dS, = E;,dS
dNEZ = Egn dS2 = Egn dS (3-43)
Vi E;, # E;, nén dNg; # dNg. Nhu vay dudng stc véc to E bi gidn
doan khi di qua mdt phin cach.
—Xétvéctd D, tacé:  dNp, =D, dS; = Dy, dS
dND2 = Dzn dS2 = Dzn dS (3-44)
Vi D, = Dy, nén dNp; = dNp,. Nhu vdy dudng sitc véc td D khong bi
gidn doan khi di qua mdt phan cach.
Bay gi¢ ta hay viét dinh 1y O-G cho cdc véc td E & D.
— V6i véc té D. Do dudng sic lién tuc, d6 16n clia D chi phu thudc
vao cac dién tich tu do, nén ta ¢c6 :

diVD = py 4 (3-45)
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— Vi véc to E. Pudng siic bi gidn doan do bi 4nh hudng cia cic dién
tich lién két, do d6 @6 16n cia E phu thudc ci vao cdc dién tich ty do va cd
cic dién tich lién két, nén ta c6 :

NE = §E S; (qtu’ do +q11en k&t )
S 0
Ng = gij(pm do T Plien ket ) (3-46)
ov

diVE = gi (Pu; do T Plien ket )

0
Trong thuc t€ khi xét cdc bai téan v€ dién moi ta thudng xs dung véc
té D thay cho véc to E .
—DBinh ludt khiic xa :
T cdc diéu kién (3-42) ta c6 thé xdc dinh duge dudng di clia cdc véc td
E &D khi di qua mit phan cdch 2 16p dién moi bing cdc biéu thic
sau (xem hinh 3-7):
Dll‘ , l,g 0!2 — th
Dln D2n
tga, _ Dy, Dy, Dy, _¢&

tga, D, D, D, &,
Céc bi€u thitc (3-47) con dudc goi 1a dinh luat khic xa ddi véi véc td D.

1ga, =
(3-47)

§3.5. XENHET PIEN VA AP PIEN
3.5.1. Xénhét dién.

La hiéu &ng xdy ra ddi v6i mot s tinh thé. Pau tién ngudi ta tim thiy &
mudi xénhét, sau dé6 ciac chat cé tinh

chat tuong tu déu dudc goi 1a cdc chat e
xénhét.

Mudi xénhét c6 cong thic héa
hoc la: NaK-C4H;Oq4H,O (bitactrat
natri kali ngdm nuéc). CAu triic tinh thé
clia n6 c¢6 dang bt ding huéng trong
khong gian (Hinh 3-8).

Hiéu trng xénhét xay ra khi ta dit
dién moi trong modt di€n trudng ngoai
sao cho hudng cta trudng song song vdi

< ;

Hinh 3-8
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mot truc a hodc b cla tinh thé : E// a,hodc b. C4c tinh chit ctia hiéu dng thé

hi€n nhu sau :

1. Trong mot khodng nhiét dd xdc dinh nao d6, hing s6 dién moi dic biét
16n, c6 thé dat t6i khoang (10° + 10%). Trén hinh (3-9,4) bi€u dién sy
phu thudc clia hing sd dién moi &€ cula titan4t bari (BaTiO;) vao nhiét
d6. P4 thi cho thdy trong khodng 120°C , £c6 gid tri gdn 2000. Khi gidm
nhiét do t6i 80°C hiing s6 dién moi ting vot t6i gin 6000, sau d6 néu
ti€p tuc gidm nhiét do thi € lai gidm xudng.

&

/

5500 / \
4500

3500 /

2500 /

1500

500

A\ &

40 60 8 100 120 140 °C

a)

Hinh 3-9

v

b)

2. Hing s6 dién moi & va do d6 véc td dién cdm D trong dién moi khong
ti 16 v6i E ma phu thudc vao E mot cdch phitc tap. Gid tri clia hing sd dién

moi ¢ khong phai 1a hing sd (xem hinh 3-9,b).

3. Su phin cuc dién mo6i khong chi
phu thudc vio E ma con phu thudc vao
trang thdi phan cuc truéc d6 cia dién
moi. Hi€én tugng nay goi 1a hién tuong
dién tré. PO phan cuc P khi thay ddi
tudn hoan dién trudng phin cuc phu
thudc vao E theo mdt dudng cong khép
kin « chu trinh dién tré » (hinh 3-10).

Trong do :

Py — dd phan cuc du
Ex — dién truong khi phan cuc.

4. Hiéu tng xénhét phu thudc rat

nhiéu vao nhiét do, né chi xdy ra trong

Pq4
07 E

\

Hinh 3-10
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mdt khodng nhiét do xdc dinh giGi han bdi cdc di€m Curie. Vi du véi mudi
xénhét, hiéu tng chi xdy ra trong khodng nhiét do gitra +22,5°C va —15°C.
Ngoai khoang nhiét d trén xénhét trG thanh dién moi thudng.
Mot s6 chat nhu phdt phat kali (KH,PO,) ; Asendt kali (KH,AsOy,) ;
Titanat bari (BaTiO,) 12 nhitng chit xénhét.

Ung dung. Cic chit xénhét dudc st dung rong rii trong ky thuat dién va vo
tuyén dién. V4i hing s6 dién mdi 16n xénhét duge st dung nhu mot chat dién
moi c6 & cao d€ ché tao cic tu dién c6 kich thudc nhd nhung dién dung 16n.

3.5.2. Gidi thich.

Nguyén nhan cia hi€u ng xénhét di€n 1a do su phan cyc ty phat trong
tirng mién riéng biét cia dién moi (goi 1a cdc ddmen). Trong mdi ddmen cic
momen dién sip x&p sao cho vé toan bd momen cia dién mdi bing 0. (Vi du
mot phan bd thé hién nhu hinh 3-11).

E
e

. 7N
s IO\

Hinh 3-11

e
N\

Khi ¢6 trudng ngoai momen di€n trong tiing domen s€ dinh hudng uu
tién theo phuong cua dién trudng. Sy dinh huéng cang manh khi dién truéng
ngoai cang 16n. K&t qua dién moi bi phin cuc.

Khi nhiét @6 T > T¢ chuyén dong nhiét 16n c6 thé phd v& su dinh huéng
tv nhién clia cdc mémen dién trong cdc domen din dé€n lAm mat hiéu tng
xénhét.

3.5.3. Hiéu ung dp dién.

a) Hiéu tng 4p dién xdy ra d6i véi mot s6 chit nhu thach anh, mudi
xénhét, tudcmalin, titanat bari, v.v.... Cé 2 dang:
— Hiéu tng 4p dién thuin: Khi bi bién dang, trén bé mit tinh thé xuit hién
cdc dién tich trdi dau.
— Hiéu tng 4p dién nghich: Tinh thé 4p dién khi dit trong dién trudng bién
thién sé& bi bién dang.
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Tinh thé thach anh c¢é dang luc ling véi 2 diu 1a 2 hinh chép ddi xing
nhu trén hinh 3-12, a, Mdi tinh thé thach anh c6 3 truc, ma mdi truc cé nhitng
hiéu @ng dic biét gin véi cdc hién tugng quang, dién va cd. Truc quang hoc Z
la truc di qua 2 dinh hinh chép. Truc dién X di qua canh cua ling tru va vudng
gbc v4i truc quang. Truc ¢d Y 1a truc huéng vuéng géc véi miat bén cla ling
try.

4
X
/A\ i
+ + + +
\ g g7
/0
X
//L"‘Il:\ /)\: X < _*%”} X X
X X1! 7 et
Y Y‘/; +  + + + g Y
X
Z
a) b) c)

Hinh 3-12. Tinh thé thach anh va cdc truc ciia no:
truc quang Z, truc dién X va truc co'Y

Né&u cit tir tinh thé thach anh ra mot khdi hinh hop, c6 cic canh dinh
hudng theo céc truc X, Y nhu hinh 3-12, b thi khi tdc dung luc Py 1€n tinh thé
doc theo huéng truc dién X, trén 2 bé mit d6i dién cia tinh thé sé& xuat hién
céc dién tich trdi ddu (hiéu ng doc):

O.=DP, (3-48)

Trong d6: D — 1a hiing s6 4p dién. Vi thach anh D =2,1.10"° C/N

Néu tdc dung Iyc co hoc Py doc theo truc co Y, trén 2 bé mit clia tinh
thé ciing xuit hién cdc dién tich (hiéu Gng ngang), nhung ngudc diu véi hicu
ung doc:

S
Qy = _DPy S_y (3-49)

Trong d6 S, va S, tuong dng 1a cdc dién tich bé mit ban tinh thé vudng
goc vGi cac truc Y va truc X.

DA4u cla cidc dién tich xuat hién sé& thay d6i khi chuyén tir bi€n dang
nén sang dan va ngudc lai.

Hiéu @ng 4p dién thuin néi trén dugc st dung d€ ché€ tao cic bo
chuyén ddi do ludng d€ do chan dong, do dd rung, do 4p luc. Uu di€m 1a rat
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b) Nguyén nhdn:

Céc dién moi tinh thé c6 ciu tric mang tinh thé i6n, ching do nhiéu
mang don gidn hdp thanh, cic mang ndy dudc cau thanh tir cdc i6n cling loai
dit 1éch nhau trong khong gian. Khi bi bi€n dang co hoc trong tinh thé xdy ra
2 bién d6i:

— PAu tién mdi 6 c¢d ban bi bi€n dang, ching han khi bi nén 6 hinh Iap
phuong bi€n thanh 6 hinh hop xién.

— Sau d6 cdc mang don gidn bi dich chuyén tuong d6i véi nhau va lam
xuat hién momen dién. K&t qua dién moi bi phan cuc.

Theo vat 1y chat rin, su dich chuyén trén chi x4y ra véi cdc tinh thé c6
ciu tric mang vSi tAm khong doi xitng. Do d6 hién tudgng dp dién chi xdy ra
vdi cdc tinh thé c6 bac ddi xing thap.

c) Hiéu itng dp dién nghich.

La hién tugng tinh thé 4p dién khi dit trong dién trudng bi€n thién sé& bi
bi€n dang. Chiéu bi€n dang phu thudc vao chiéu dién trudng. Nhu vay néu
ta ddn 2 14 kim loai vao 2 md cda mot ban thach anh va diat vao mot dién
trudng bi€n thién tuan hoan thi bdn thach anh s& bi phin cyc va bi€n dang
mdt cdch tuan hoan , tic 12 ban thach anh s& dao dong. Dao dong sé& cang
manh néu tin sd kich thich bing tin sd dao ddng riéng clia ban thach anh.

Hiéu tng 4p dién nghich dugc ¥ng dung d€ ché tao cic bién ti trong
mdy phdt song si€u am, tao dao dong thach anh trong cic mdy phdt dao
dong, chuin tan sd.

d) Tinh chdt vat Iy ciia cdc vét liéu diung trong chuyén doi dp dién.

1.Thach anh.
Hing s6 dp dién: D= 2,1.10"” C/N
Hing s6 dién moi:e = 39,8 F/m
M6 dun dan hdi d6i véi tinh thé thach anh theo huéng vudng géc véi
truc quay 12 70 + 90 kN/mm”.
Ung suét cd hoc cho phép d6i v6i ban thach anh phu thudc vao chit
lugng mai mit tic dung va cé thé dat (0,7+1,0).10°N/m? hay (70+100) N/mm’.
Dién trd suit cia ban tinh thé thay ddi theo cdc hudng truc (bdng 3-1).

Bdng 3-1
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Nhiét 6 (°C) Pién tré sudt (2 m)
e Doc truc quang Vuong goc vdi truc quang
20 1.10" 2.10"
100 8.10° -
200 7.10’ -
300 6.10° -

Ta thiy dién trd suat cla thach anh doc theo truc quang phu thudc
nhiéu vao nhiét dd trong khi khong thay ddi doc theo phuong vudng géc vdi
truc quang. Pién trd suit doc theo truc quang nhé hon nhiéu theo phuong
vudng gbc v6i nd.

Hiing s6 4p dién D thyuc t&€ khong phu thudc vao nhiét do trong pham vi
dé&n 200°C. Trong khodng tir 200°C + 500°C gid tri cia D thay ddi khong
nhi€u. Khi nhiét do 16n hon 500°C hiing s6 D gidm nhanh va & nhiét do 573°C
thach anh bi mat tinh chat 4p dién.

2. Mudi xé nhét. La loai c6 do nhay dp dién 16n nhd't ( D ~ 300. 10™'* C/N),
tuy nhién né c6 tinh chat hit 4m 16n, dd bén cd hoc nhd va dién trd suit thap,
nén han ch€ viéc st dung.

Chuyén d6i 4p dién dung xénhét chi dudc dung trong cic phép do luc
va 4p luc thay ddi nhanh trong cdc moi trudng cé do 4Am nhd va § nhiét do
trong phong.

3. Titanatbari. Khong st dung loai don tinh thé ma thudng st dung gém
phan cyc titanatbari. Tinh ch4t 4p dién cua gom titanatbari khong nhitng phu
thudc vao thanh phan va phuong phdp sidn xuit, ma con phu thudc ci vao
dién 4p phan cuc va ng suit cd hoc giy ra bdi dai lugng cin do. Ngoai ra
con x4y ra su thay doi tinh chat cia né theo thdi gian, tifc sy gia héa (thudng
khodang 20 % sau 2 nim).

Luc cd hoc nén dit theo phuong phan cyc, dién tich phan cuc xuit hién
trén mit vudng géc v6i phuong phan cuc. Khi d6 hiing s§ dp dién clia gdm
titanatbari ¢6 gid tri D = 107. 10> C/N. Hiing s6 dién méi & = 1240. 10"
F/m. Mddun dan hdi E = 115 G N/m” = 115 kN/mm’. G6m 4p dién c¢6 do bén
cd hoc cao va khong phu thudc do 4m.

Chuong 4.
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DONG PIEN KHONG POI

§4.1. NHUNG KHAI NIEM CO BAN
4.1.1. Dong dién.
Dong dién 12 dong chuyén dsi c6 hudng cta cic dién tich. Ngudi ta
phan bi€t cac trudng hgp sau :

* Dong ddn : 12 dong chuyén ddi c6 hudng cla cic dién tich ty do trong
vat dan dudi tdc dung clia dién trudng. Tuy thudc vao vat din ma ban
chit cia cdc hat tdi dién sé& khdc nhau :

— Trong kim loai : la dong cdc electron ty do.

— Trong ban dan : 1a dong cdc electron va ciac " 16 " duong.

— Trong chit dién phan : 1a dong cdc i6n (+) va cdc idn (-).

— Trong chitkhi: 12 dong cdc idn (+) , cdc idn (-) va cdc electron.

* Dong doi luu (dong kéo theo): 12 dong tao ra do chuyén dong trong
khong gian ctia cdc vat din tich dién.

* Quy wdc : Chiéu dong dién 13 chiéu chuyén ddi c6 huéng clia cic dién
tich duong.

4.1.2. Diéu kién dé duy tri dong dién.

Ta hay ndi hai vait din A va B vdi nhau, trong d6 vat din A cé dién thé
@a , vat din B c6 dién thé @g Vi @ > @g , tifc 12 giffa A va B tdn tai mot hiéu
dién th€ Upg = @a - @p (hinh 4-1). Trén day ndi A va B s& c6 mot dién trudng
tinh (trudng Coulomb) E tdc dung 1én cdc dién tich va lam ching chuyén
dong c6 hudng. Su dich chuyén nay sé& din t6i sy phan bd lai dién tich cla hé,
ké&t qua 1am cin biang dién th€ va dong dién trong mach s& nhanh chéng triét
tiéu. Nhu vay trudng Coulomb khong thé duy tri dong dién.

b€ duy tri dong dién trong vat din
cAn phdi 14p lai hiéu dién thé giita A va

v E
B. Mu6n vay phdi ¢c6 mot trudng lyc E” ® —> —» «—0O
c6 ban chi't khdc véi dién trudng tinh (goi \ o ‘ |
1a trudng luc la) c6 chiéu huéng tir B «—

sang A d€ dua cdc dién tich (+) tit B tr8 S—»> <«—o®]| B
vé A va cdc dién tich (-) tir A trd lai vé B.
Co ché d6 dugc thuc hién nhd mdt bd
phin goi 12 ngudn suit dién dong (ngudn
dién). c6 chic ning bi€n cdc dang ning Hinh 4-1
lugng khac thanh dién .

Nguon dién

4.1.3. Mat do dong va cuong do dong dién.
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— Puong dong : 1a dudng ma doc theo n6 cdc dién tich chuyén dong. Chiéu
dudng dong 13 chiéu chuyén dong clia cac dién tich duong.
- O’ng dong : Tap hgp cac dudng dong tua trén hai chu vi nao do.

Véi quy uSc nhu trén cdc dién tich khi chuyén dong s& khong cit mit
bén clia 6ng. Nghia 1a cdc dién tich trong 6ng khong chui ra ngoai dng va
ngudc lai.

Pé dic trung dinh lugng cho dong dién ngudi ta dua ra khdi niém mat
dd dong va cudng do dong dién.

— Mdt dé dong dién : La mot dai lugng vat Iy c6 do 16n biang dién lugng
chuyén qua mot don vi dién tich dit vudng géc véi dudng dong trong mot don
vi thdi gian.

Hiy tudng tuong tdch ra trong vat din mot
dién tich S dit vudng gbc vdi phuong clia van toc v
. Pién luong chuyén qua dién tich S trong mot S -
don vi thdi gian s& bing s6 dién tich chita trong thé
tich cda hinh hop chit nhit c6 ddy S, chiéu cao v
(hinh 4-2).

Hinh 4-2
J = nev.
Trong d6 n — mat d6 hat tai dién.
PE bi€u thi ¢4 phuong chiéu clia dong dién ta diing véc td mat dd dong :

—

J = nev (4-1)
— Cuong dé dong dién I : La mot dai lugng vat 1y c6 dd 16n bing dién lugng
chuyén qua ti€t dién thang clia vat din trong mot don vi thdi gian :

;=99 _ jidS* (4-2)
a
~ dC] N PR N A 2.
Néu I = I = const , dong dudc goi la dong khong doi ;
t
Néu I = % # const , dong dudc goi 1a dong bi€n thién.
t
Véi dong dién khong d6i ta c6 thé viét :
=4 4-3)

t
— Pon vi : Trong hé SI don vi cudng do dong dién la Ampe (A), don vi mat do
dong dién 1a A/m’.
§4.2. PINH LUAT OHM CHO POAN MACH B6NG CHAT
4.2.1. Dinh ludt Ohm.
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Vi mot doan mach din dong chit, néu dit gitra 2 diu cda né6 mot hiéu
dién th€ U = ¢, — ¢, thi trong mach s& xuit hién mot dong dién c6 do 16n ty 1€
vGi U.

I =AU (4-4)

A—hé s ty 1& goi 1a dién dan clia vat.

4.2.2. Dién tro.

Trong biéu thitc cia dinh luat Ohm, dai luong nghich ddo clia 4 dic

trung cho mifc d cén tr§ dong dién dugc goi la dién trd clia vatdan :

R = — 4-5
P (4-5)
Vi khdi niém dién trd, bi€u thic cia dinh ludt Ohm (4-4) dugc viét lai :
U
I=— 4-6
R (4-6)

Gia tri ctia R phu thudc vao hinh dang, ban chat, kich thudc trang thdi
clia vat din. P&i v6i mot vat din hinh tru ddng chi't ta ¢6 :

R:pizl.i (4-7)
S o S
Trong d6 : p— dién trd suat, dic trung cho bdn chat clia vat dan.
[ — chiéu dai day dan.
S — ti€t dién ngang day dan.
o— dién dan sud't cda mach.
Khi nhiét do thay d6i, dién tr§ sudt clia vat s& thay ddi va dugc dic
trung bang hé s6 nhiét dién trd :
_ldp
- p dt
Gid tri ciia « cho bi€t s6 gia cta p khi nhiét do ting 1én 1°C, né c6 gid
tri khdc nhau trong nhitng khodng nhiét do khdc nhau, di€u d6 ching to sy
phu thudc clia p theo nhiét dd 1a khong tuyén tinh. Tuy nhién véi mot sd chat
nhu kim loai thi sy bi€n thién nay khong 16n, va trong mot khodng nhiét do dd
nhd c6 thé xem o = const. Ta c6 thé viét :

p=p 1+ at). (4-9)
Gi4 tri ciia o c6 thé am, c¢6 thé duong. Pdi véi kim loai a >0, con vdi
céc chat ban din va chat dién phan c6 a < 0.
— Pon vi : Trong hé SI don vi cia dién tr§ dugc dinh nghia :

[R]:[L]]:V/A:Ohm(ﬂ)

(4-8)
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Doi véi dién trd suat [p] =
4.2.3. Dang vi phdn cua dinh ludgt Ohm.

Pinh ludt Ohm bi€u dién theo (4-4) hoic (4-6) dp dung d6i véi mot
doan diy din ddng chat. P& tim bi€u thic cia dinh luit d6i vdi tirng diém cla
mot moi trudng din bat ky, ta phdi vi€t bi€u thitc dusi dang vi phan. Tudng
tugng tich ra mot doan dng dong cé chiéu dai vd cling bé dI giGi han bdi hai
ti€t dién ngang dS & cdc dién th€ twong tng 12 ¢ va @ (V6i @ > ¢, ) diit
vudng goc vii cdc duong dong (hinh 4-2).

a g
) T

Hinh 4-2

N&u J 1a mat d6 dong tai di€m dang xét, ta c6 dong di qua dS sé 1a :

I=J-dS=1J-dS (4-10)
Thé hiéu gitta 2 ddu 6ngla: ¢ — ¢ = Edl = Edl (4-11)
Pién trd clia doan dng dong : R = p% (4-12)
Theo dinh ludt Ohm 4p dung cho doan dng dong ta c6:
o — @ =RI (4-13)
Tir (4-13) va (4-11) k&€t hgp v6i (4-10) va (4-12) ta ¢6 :
Edl = pﬂ Jds
ds
Suy ra : leE:O'E
Yo,

Hay dué6i dang véc to: J = oFE (4-14)

Bi€u thitc (4-14) dudc goi 1a dang vi phdn ciia dinh luat Ohm.

§4.3. SUAT PIEN PONG - PINH LUAT OHM TONG QUAT.
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1. Trudng tinh dién khong tao ra dugc dong dién khdng ddi trong mach. P&
duy tri dong dién cin tdc dung 1én cdc dién tich mot luc c6 ban chat phi tinh
dién goi la céac luc la F . Lucla nay do ngudn dién tao ra.

Trudng tao ra cdc luc la goi la trudng luc la E*. Nhu vay trong mot
doan mach cé ngudn dién tic dung, qua mach c6 dong dién khong d6i chay
qua, tai mdi di€ém ctia mach ludn tdn tai 2 trudng :

— Trudng lyc Coulomb : E.

— Truonglucla: E*. + -
2. Pinh ludt Ohm trong truGng hgp nay &
sé ¢ dang : di «—
J = o(E+E") 415 7 i &

Xét mot doan mach vi phan di
c6 dong dién khong ddi I chay qua.
Khi d6 c6 thé viét phuong trinh (4-15) Hinh 4-3
dudi dang vO hudng :

J = o(E+E) (4-15,a)
Bay gid nhin hai v€ clia phuong trinh (4-15,a) v6i podl ta ¢6 :

é-pdl:a-pdl(E+E*):Edl+E*dl
¢ dl

IR]Z = Q=@+ ng (4-17)

= j‘EdH TE*dz (4-16)
1 1

2
Trong d6 : R, = Ip% — Pién tr§ cia doan mach AB
1
2
¢, —, = [Edl - Hi¢u dién th€ gitta 2 diém 1-2
1
2 —
En o= jE*dl — Suét dién dong tdc dung trén doan 1-2.
1

Nhu vy ta cé : o—p,=IR, — & 1» (4-18)
Bi€u thitc (4-18) bi€u dién dinh ludt Ohm dué6i dang tdng qut.

Quy wéc vé ddu : Khi di tir 1 d&€n 2 : 1 >0 néu cling chiéu, ngudc lai I <0.
&1 >0 n€u ditir 1 dén 2 di tir cyc (+) sang cuc (-), ngudc lai &, <0.
Vidu : V61 mach dién trén hinh 4-4 ta c6 :

o—@,=I(R +R,+1r,+r,)—e +e,
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el rl R 2 2
1 R1 2 2
o—— o
Hinh 4-4
3. Véi mach dién kin ¢, = ¢, do d6 ta c6 thé viét :
26
[=- (4-20)

_R+r

Trong d6 Zei — tong cic suit dién dong tic dong trong mach.
§4.4. MACH PHAN NHANH - DPINH LUAT KIRCHHOFF.
4..4.1. Mach phdn nhdnh.
Mach tir nhiéu nhdanh ghép lai tao thanh cdc nit va mit.
— Niit. Ndi gdp nhau cia it nhat 3 nhanh trd 1én.
— Mdit . Mach vong khép kin bdi cdc nhdnh.
D€ gidi cdc bai todn véi mach phin nhdnh phifc tap thudng st dung 2
dinh luat Kirchhoff sau day.

4..4.2. Hai dinh ludt Kirchhoff.
1) Pinh ludt Kirchhoff 1 (Viét cho nit). Tai mdi nit theo dinh luat bdo toan
dién tich thi tong s& dién tich toi nit va tdng s6 dién tich di khdi nit sau mot
don vi thdi phdi bing nhau. N6i cdch khic tong cic dong dién tdi nit phai
bing tdng dong dién di khdi nit.
Néu quy udc dong t6i nit 14y didu duong, dong di khdi niit 14y ddu 4m

ta c6 thé vi€t bi€u thic ciia dinh luat Kirchhoff 1 cho nit nhu sau :

>1,=0 (4-21)

k I
« Tdng dai s6 cdc dong dién di qua I

mot niit bang 0 »

Vi du véi nit M trén hinh 4-5 ta
c6 thé viét :
L-L-L-1,=0
1) Dinh ludt Kirchhoff 2 (Viét cho
mdt).

\ 4
<
4/;
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Ta hay khdo sdt mot mach phan nhanh phifc tap nhu trén hinh 4-6. Xét
mach vong ABCD. Viét biéu thifc clia dinh ludt Ohm tdng quat cho tirng doan
mach theo chiéu dudng clia mit ta c6 :

Pa—Ps=1 R, +e
P —Pc=—1,R, ¢,
Pe=@Pa=—13R; —¢;

Cong cdc phuong trinh trén v€ véi
vé ta cé :

IR —ILR,—L,R, +e,—e,—e; =0
hay :
LR —LLR, —I,R,=—¢, +e, +te

Hinh 4-6

Y LR =>¢ (4-22)
i 1

Quy wéc : —1>0 néu chay cling chiéu duong cda mit, ngude lai I<0 ;
— e>0 néu tic dong theo chiéu duong cia mit, ngudc lai e<0.
§4.5. CONG VA CONG SUAT CUA DONG PIEN.
4.5.1. Cong va cong sudt ciia dong dién.
Xét mot doan mach khdng chita ngudn dién giita hai di€m 1-2 dit vao
hiéu dién thé Uy,.

A A

Up,=¢0—0,=—=— (4-23)
q It

A = (p—@)It =Uplt (4-24)

Néu doan mach cé chita ngudn, cong di chuyén dién tich q bao gém ci
cong cua trudng luyc la va cong cta luc dién Coulomb :
A = Uplt+&It=(U, + &It (4-25)
Né&u mach kin U, =¢, —¢, =0. Ta c6 cong trong mach do ngudn dién
sinhra: A = &lr.

e CoOng suit clia ngudn dién.

- V&i doan mach khong c6 ngudon: P = 4 =Ul (4-26)
t

- V&idoan mach ¢ ngudn : P=UIl +& (4-27)

- Véimachkin : P=% (4-28)

e Donvi: Cong:[A]=[Ult]=V.As=]J
Cong sudt: [P]=[Ul]=V.A. =W

4.5.2. Dinh ludt Joule — Lenx.
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Tdc dung nhiét cia dong dién do Joule va Lenx tim ra. Gid s trén
doan mach 1-2 c6 dong chay qua. Néu diy din ditng yén, cong cd hoc sé&
bing 0 va n€u khdong xdy ra mot phin @ng héa hoc nao thi cong clia dong
dién hoan toan bi€n thanh nhiét :

Q = A =Ult = I’Rt (J)=0,241*Rt (CI) (4-29)

Néu dong qua mach bi€n thién theo thdi gian thi nhiét lugng tda ra
trong thdi gian t s€ 12 :

t
0 = j i’R dt (4-30)
0
e Dang vi phdn ciia dinh ludt Joule-Lenx.

V6i mdt moi trudng din bat ky xét mot doan 6ng dong dV = dS.dl.

Nhiét lugng tda ra trén dV trong thdi gian dr 1a :

dQ = IR dr = (JdS)X( p%)dt = J? pdSdldt = J* pdVdt

Mat do cong sudt nhiét :

w:—dQ =.12,0=0'E2
dv -dt
w=oFE?* (4-31)

4.5.3. Cong sudt mach ngoai, hiéu sudt cia nguon dién.

Xét mach kin chita ngudn (#r) vad mach ngoai c6 dién trd R. Dong trong

mach :
&

R+7r
“I= PR+ Fr (4-32)
P, = &1 — Cong sut toan phin do ngudn sinh ra.

I = = &=IR+ Ir

Po = R — Cong suit thodt ra & mach ngoai (cong sut hitu ich).
P; = Pr — Cong suit tiéu hao trong ngudn (cong suit vo ich).
P, I’R ¥R R

o

*Hiéu sudt =2 = = = % 4-33
‘ =P Tl #®R+n Ryl o) (4-33)
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Chuong 5.
CAC HIEN TUQONG PIEN TU VA ION

§5.1. THUYET ELECTRON CO PIEN
5.1.1. Bdn chdt ciia cdc hat tdi dién trong kim loai

Thyc nghiém chitng t ring cdc phan ti¥ ti dién trong kim loai chinh 12
cic electron ty do. Nguyén nhin 12 khi tao thinh mang tinh thé, cic electron
héa tri do lién k&t y€u v6i hat nhan nguyén tf nén ching dé dang thodt ra
khdi lién k&t d€ trd thanh ty do va trd thanh “tai sdn tdp thé” clia toan bo khdi
kim loai. Khi c6 dién trudng ngoai tic dung, cic electron tw do s& chuyén
dong dinh huéng d€ tao nén dong dién.

Mait @6 electron tw do (goi 12 electron din) véi kim loai hda tri mot xdc
dinh theo bi€u thic:
N
n, =—0 (5.1)
A
8 - khoi lugng riéng ctia kim loai, N — s§ Avdgadrd, A— nguyén tf gam
Gid tri cia ny vao khodng 10 + 10 cm™.
5.1.2. Thuyét electréon cé dién vé kim loai

— Trong kim loai ton tai cdc electrdn tu do (electron din), chuyén dong
cia ching dugc khdo sdt nhu 12 “khi electrén” gidng nhu khi 1y tudng. Tuong
tic gifta cdc electron v6i nhau khong diang ké. Tuong tic gifta cdc electron
vdi nit mang tinh thé chi thé hién khi va cham. C4c va cham din dén thi&t
1ap su can bing nhiét giita khi electron va mang tinh thé.

— Khi electron tuan theo chit ché cdc dinh luat ctia khi Iy twdng. Mbi
electrdn c6 3 bac tv do, mdi bic ty do ng véi mot dong niing 1a 1/2KT. Do
d6 dong ning trung binh ctia chuyén ddng nhiét hdn don clia mdi electrdn 1a:

1 - 3
W; = —mvyr = — kT 5.2
a = Smr =g (5.2)

k = 1,38.10%J/d6 — Hiing s6 Boltzmann
T — Nhiét do tuyét doi
V# — Trung binh binh phuong clia van t8c chuyén dong nhiét.

— Mdi nguyén tif kim loai cho mot electron ty do, mat do electrdn tu do
xap xi bing mat do nguyén ti trong kim loai:
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o

n = %M 1022 102 em™> (5.3)

5.1.3. Gidi thich vé tinh ddn dién va dién tré kim loai

— Binh thudng céc electrén tu do trong kim loai chuyén dong nhiét hdn
loan khong c6 phudng uu ti€n. Khi c6 di€n trudng ngoai tdc dung ching sé
tham gia chuyén dong dinh huéng duéi tic dung cda lvc dién trudng.

— Khi chuyén dong dinh huéng céc electron va cham véi nidt mang tinh

thé€. Ning lugng clia n6 truyén cho nit mang va bi&n thanh nhiét ning. P6
chinh 12 nguyén nhan giy ra dién tr§ cia kim loai. Mdi kim loai ¢ ciu triic
mang tinh th€ khic nhau nén tic dung “ngin cdn” chuyén dong dinh huéng
clia cdc electrdn ciing khiac nhau, do dé dién tr§ suit ciia cdc kim loai khic
nhau.

— Khi nhiét d9 ting 1am chuyén dong nhiét hdn loan clia cic electrdn tu
do ting 1én, ddng thdi nhiét dd ting 1am cho dao dong clia ion & cdc niit mang
ciing ting 1én din t6i xdc suit va cham giita electron vdi cdc nit mang ting
1én. Do d6 dién trg kim loai ting theo nhiét do.

5.1.4. Dinh ludt Ohm trong thuyét electron.

Theo thuyét electron c¢d di€n ta coi quing dudng tu do trung binh 1 1a
quiang dudng cic electron di dugc sau 2 va cham lién tiép.

Néu trong kim loai ton tai mot dién trudng E thi mdi electrdn s& chiu
mot lyc di€n trudng f =¢E. Luyc nay gia toc cho electron lam cho van tdc

cla né ting 1én tir 0 d€n gid tri vy
- eE
Vmax =—7T (54)
m

trong d6 7 12 khodng thdi gian electrdn di hét quiang dudng A .
Tinh trung binh electron chuyén dong dinh huéng véi van tdc:

Vib = = = (5.5)

2 2m 2
Trong do u 1a van 8¢ trung binh ctia chuyén dong trong chuyén dong
hoén loan.
Mat do dong dién din la:

- ;max 1 eE l@
m

SISy

- - 2] —
J=nyev, = 2mu E=cE (5.6)
nOezz 1
Trong do: o=——=— (5.7)
2mu  p
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5.1.5. Pinh ludt Joule-Lenx trong thuyét electron.

O cudi quing dudng ty do trung binh 1, electrdn thu dudc dong ning
cuc dai:
1 , €E*, ¢A°E?
—my, = 1=
2 2m 2mu

(5.8)

Khi va cham, toan bo ning lugng nay truyén cho mang tinh th€ va bién
thanh nhiét. Tronh mdi don vi thdi gian, mdi electron chiu % va cham (tin s6
va cham), do d6 nhiét lugng tda ra ciing bat nhiéu 1an 16n hon.

Nhiét lugng tda ra trong mot don vi thé tich kim loai sau mdi gidy la:

_ne’l .

CAE T _ E*=cE’
2mu’ A 2mu

Q:no

0=cE =1 p (5.9)
ye,

$5.2. LYTHUYET LUGNG TU VE TINH DAN PIEN CUA VAT RAN
5.2.1. Nhitng han ché ciia thuyét electrén cé dién.

Thuyét electrdn c¢d di€n di c6 nhitng thanh cdng ding ké trong viéc
gidi thich cdc tinh chat din dién clia kim loai va néi chung cdc vat din loai
mdt. Tuy nhién giGi han 4p dung ctia né han ché, trong nhiéu trudng hdp né

mau thuidn vé6i thuc nghiém. Chiang han theo thuyét electron cd di€n thi dién

o
M e o Nhung thuc nghiém lai cho k&t qua 0'~%.

2mu ﬁ
Hoic theo 1y thuy€t trén thi ty nhiét clia nguyén tif kim loai (ttic nhiét dung
riéng clia nguyén ti) cling sai léch xa so vdi thuc nghiém.

dan suat o =

S& di c6 nhitng mau thudn d6 1a vi trong vit rin chuyén dong cia
electron khong tudn theo cdc quy luit clia co hoc ¢ dién, ma né tuin theo
cic quy luat phic tap hon clia co hoc lugng tit. Sy phan bd cdc electron khong
tudn theo phan bd Maxwell-Boltzmann ctia thong ké c6 di€n ma tuin theo
phan bd lugng tif Fermi-Dirac.

5.2.2. Thuyét mién ndng lugng vé vt rdn.

1. Ning lugng clia cic electron trong vat rin (ndi riéng kim loai), cling

nhu niang lugng cla cédc electron trong nguyén ti bi lugng tr hdéa. Chiing chi

nhin nhitng gid tri gidn doan, dudc bi€u dién bing cdc mic ning lugng xdc
dinh (hinh 5-1).
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2. V&i mot nguyén tit ¢d 1ap, ning lugng cic electron phan b trén cdc
mifc tuong ¥ng véi xu huéng & trang thdi c6 ning luong thadp nhit nhung tudn
theo chdt ché nguyén 1y Pauli:

“Mbi mitc ndng luong chi cé thé En
c6 161 da 2 electron vdi spin doi

song”. Do vdy cdc muc ning ¢ E
lugng duge 14p ddy tir dudi 1én .
rén. Khi bi kich thich céc oo Ei
electron c6 thé nh3y 1én mic
ndng lugng cao hon.

3. Xét nguyén ti trong ¢ A\Q E,

mang tinh thé vat rin, céc
electron con tuong tic v46i cac
nguyén tf khdc, do d6 mdi mifc ning lugng sé bi tdch ra Iam N mitc nhd (N 1
s0 nguyén tir vit rin). Cdc mibc cdch nhau c¢§ 10 ~ *¢V. Trong mién nay
electron c6 thé & bat ky mot mitc nhd ndo, goi 14 mién “dugc phép”. Giita cic
mién dudc phép ngin cdch nhau mot khodng goi 1 “mién cdm”. Céc electron
khong thé c6 gid tri ning lugng nim trong mién cAm (hinh 5.2).

Hinh 5.1. Su lugng tit héa cdc miic ndng luong

AE
A :
MiucFermi
————— Mién dugc phép
Mién cdm
Hinh 5.2. Su tdch cdc mitc ndng lugng Hinh 5.3. Trang thdi e trong ho thé ndng

4. Theo thuyét electron ¢ dién, & 0°K véan tSc clia cdc electron trong
kim loai bang 0, va do d6 electrdon s& nim § mic ning lugng thap nhat. Tuy
nhién theo thuyét lugng t, sy phan bd céc electrdn tuin theo nguyén 1y Pauli,
do d6 céc electron sé& 1ap day cdc mifc ning lugng tir dudi 1én. Cdc mifc trén
chi c6 1 electron hodc bd trong hoan toan. Do d6 trang thdi ciia electrdn trong
hd th€ ning bi lugng tif hda, va khodng cdch tif mifc cao nhat bi electrdn
chi€m t6i bd ho thé s& nhd hon chi€u sdu hd thé. Do vay cong thodt bé miit
cla electron s& nhd hon nhi€u chiéu siu hd th€. Mic cao nhit bi electron
chi€m goi 1a mdc Fermi (hinh 5-3).
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5. Theo thuyé&t lugng tir & 0°K cdc electron chuyén dong vdi van tdc rat
16n. G mitv fermi vin téc cia electron ¢ 10°m/s. Trong khi theo 1y thuyét
electrén cd dién van toc nay chi c6 thé ¢6 § nhiét dd 5.10*K.

5.2.3. Phén loqi vdt dan va dién moi theo thuyét mién ndng luong.

Theo thuyé&t mién ning lugng thi tinh chat dién clia vat rin khdc nhau
do hai nguyé€n nhin:

- Thit nhdt: do chiéu rong cia mién cAm

- Thit hai: do sy 14p day cdc electron trong mién dudc phép khac nhau.

Piéu kién d€ mot vat rin din dién 13 phdi ton tai cdc mic ning lugng
tu do d€ cho cdc electron c6 thé chuyén dong tu do gita cic mic d6.
- Trong kim loai: c4c electrdn héa tri chua chi€m hét cdc mdc ning lugng
trong mién dugc phép, con tréng cdc mifc ning lugng cao hon va mién duge
phép nay trd thanh “mién ddn”. Nghia 1a khi c6 dién trudng tic dung céc
electrdn dé dang nhdy 1én cdc mifc ning lugng cao hon, tic 13 chuyén dong
dinh huéng, do d6 kim loai I3 vat dan dién.

- Trong dién moi. (vi du NaCl) & 0°K cdc mién niang lugng dudc phép phia
dudi (tng v6i niang lugng thap) bi 14p day hoan toan. Cdc mién phia trén bd
trong (mién tu do). Bé rong mién cAm kh4d 16n (trén 3 eV). Do vay khi c6 dién
trudng, cic electron chua dd ning lugng dé
nhdy qua mién cim lén mién ty do tr§

N A x A 2 A 7 M.k d"‘(
thanh electron dan. Két qua khong c6 sy S fen gan
dich chuyén electrdn, va dién moi 1a chat Mién c&m
ciach dién. Tuy nhién né€u dién trudng dit o @
vao di€én modi qud 16n, lic d6 electron co *—o o

R a0 < 2 2 A *—e Mién day
thé du ndng lugng d€ nhay qua mi€én cim —e—e
lén mién tu do trd thanh electrdn dan, lic Hinh 5.4. Ban dén tinh khist

dé ta n6éi dién mdi bi “ddnh thing”.

§5.3. SU DAN DPIEN CUA CHAT BAN
DAN
5.3.1. Chdt bdn dén.

Giffra kim loai va dién moi ton tai mot nhém cdc nguyén td ¢ dién trg
sui't nim trong khodng tir 10” + 10”° Qm, goi 1a cdc chdt ban din, dién hinh 1a
céc nguyén t6 Ge, Si, Te. O nhiét do thap cdc chit ban din 1a khong din
dién. O nhiét do binh thudng cdc cha't ban din trd thanh din dién, dic biét khi
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ban din c6 14n tap chat nhé thi tinh chit dién ctia né thay ddi rit 16n. Tuy
thudc vao loai tap chidt ma c6 2 loai bdn din p va n.
5.3.2. Sw ddn dién ciia ban ddn tinh khiét.

Theo thuyé&t mién ning lugng, bé rong mién cAm clia cic bdn din
khong 16n 1dm. Vi du, v6i Ge khodng 0,72V, véi Si khodng 1,1V. Do vay, &
trang thdi binh thudng cdc mifc ning lugng & mién dugc phép da bi 1ap day,
nhung mot sd electron & mifc cao nhit ciia mién day c6 thé nhidy qua mién
cAm 1én mién din tr§ thanh electron ty do. Tuy nhién khi electrdn nhdy 1én
mién din n6é d€ lai mot “I6 tréng”, dusi tac dung cta dién truGng ngoai mot
electron & mitc dudi c6 thé dé dang nhdy 1&én chi€m chd “I6 trong” dé, va ban
than né lai d€ lai “I6 tréng”, mot electron bén dudi lai sin sing nhdy 1én
chi€m chd vi tri d6. Ct& nhu th€ sy dich chuyén cta electron 1én phia trén
tuong dudng vdi su dich chuyén “I6 trong” theo chiéu nguoc lai. Qud trinh d6
hinh thanh nén sy din dién clia ban din theo 2 cich:

- Din dién bing electron din trén mién tv do (v6i cdc electron da nhdy
1én mién dan)

- Dén dién biing “I5 trong”trong mién day (hinh 5.4)
5.3.3. Bdn dan loai n va loai p.

Khi bi pha tap tinh chit dién clia ban din thay d6i rdt manh, tiy thudc
vao loai tap chdt ma c6 hai loai ban din loai p va n.

a) Bdn ddn loai n. Xy ra khi pha mot lugng nhd Asen (As) vao Gecmani
(Ge) tinh khiét. Ge c¢6 32 electrdn véi 4 electron héa tri. Trong mang tinh thé
mdi nguyén ti Ge diing 4 electron héa tri d€ 1ién k&t vdi nhau tao thanh titng
cip lién k&t ddong héa tri. Asen c6 33 electron, trong d6 c6 5 electron héa tri.
Khi lot vao mang tinh thé Ge né g6ép 4 electrdn héa tri vao lién két, con lai
electron thit 5 sé& thira, do d6 s€ lién k&t rat y&u vdi hat nhan va dé dang bt
ra khdi nguyén tif d€ trd thanh electron tu do, ban din c6 kha ning din dién.
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@ e —— Miéndin ——
\ ' 0,015 eV 3 X
° - o Mién donor
.
@ \e Mién cdm
Mién ddy
a) b)

Hinh 5.5. Co ché dén dién ciia bdn dén n
c) Nguyén tit As trong mang tinh thé Ge
d) Gidn dob ndng lugng ciia bdan dén n
Theo thuyé&t mién ning lugng, khi pha As vao Ge trong sd do ning

lugng xudt hién mdt mién ning lugng hep nim gin sit dudi mién din cd
0,015eV. Mién nay chita diy cdc electrdon héa tri cia As. Cdc mifc ning lugng
& mién nay goi 1a “mitc cho” (donor). O nhiét do binh thudng céc electron &
mién nay c6 thé d&é dang nhdy lén mién din d€ trd thanh ty do. Qu4 trinh nay
khong kém theo viéc xuit hién “I6 tréng” trong mién diy, nén sy din dién
cia bdn din chii y€u la bing electron (hinh 5.5). Vi cdc electron 1a cédc hat
tich dién Am nén ban din loai nay goi 1a ban din n (negative).

b.Bdn ddn loai p. N&u pha 1an vao Ge mot lugng nhd In thi ta sé& dudc
ban din loai p. Vi In héa tri 3 nén khi tham gia mang tinh thé€ v6i Ge né sé& bd
trong mot moi lién két. Do trdng moi lién két nay nén In dé dang nhan thém
mdt electron tf mot nguyén tf Ge bén canh néu ta cung cidp cho né ning
lugng c& chirng 0,015 eV. Nhung khi electron vira nhdy di s& d€ lai mot “Ié
tréng” va mot electrdn khdc lai dé dang nhdy vao chi€m vi tri d6. Dong
electron nhdy di ndy tuong duong véi mot dong “Ié tréng” theo chiéu ngugc
lai (hinh 5.6,a).

Theo thuyé&t mién ning lugng, khi pha In vao Ge trén sd d6 ning luong
xuA't hién modt mién ning lugng hep nim st ngay phia trén mién day, cich né
¢d 0,015 eV. Mién nay gém cdc mic ning lugng bd trong goi 1a mi€n nhan
(acceptor). Cdc electron & mién day dé dang nhdy 1én chi€ém cdc mifc nay.
Qué trinh d6 1am xuat hién cdc “I0 tréng” ma khong lam xudt hién cdc
electron dan. Do vdy bdn din loai ndy din dién chd y€u bing 16 nén goi Ia
ban din loai p (positive)(hinh 5.6,b).
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Mién dén

Mién cdm

Mién acceptor

0,015 eV i

Ic»

e

!

Mién ddy

b)

Hinh 5.5. Co ché dén dién ciia bdn dan n
a) Nguyén tit As trong mang tinh thé Ge
b) Gidn do ndng lugng ciia bdn dén n

§5.4. HIEN TUGNG PIEN CHO TIEP XUC GIUA CAC KIM LOAI

5.4.1. Cong thodt, thé hiéu mdt ngodi.

Cong can thi€t d€ mot electrdn c6 thé thodt ra khdi bé mit kim loai goi

12 cong thodt bé mit, xdc dinh theo biéu thic:

A =ep

(5.10)

Trong d6: ¢ - Thé hi€u miit ngoai clia kim loai

e - dién tich cda electron

Cong thoat dudc do bing electron-volt (eV), 1leV = 1,6.10"°7

Nguyén nhan tdn tai cong thoit:

- Thit nhdt: Khi r6i khdi kim loai electrdn gdy ra trén bé mit kim loai
mot dién tich cdm tng duong. Do d6 giita electron va kim loai xud't hién mot
luc hiit ngan khdng cho electrdon di xa khdi kim loai.

- Thit hai: Do chuyén ddng nhiét hdn
loan cic electron c6 thé vuot ra khdi bé mit
kim loai mét khodng nhé tao thanh mét 16p
“may electron” rat gan bé mit. K&t qua hinh
thanh mot 16p dién kép gidng nhu mot tu
dién c6 ban am la 16p “mdy electron”, ban
duong 1a bé mit kim loai, tao nén mdt thé
hiéu mit ngoai ¢. Khi mudn bt ra khéi kim
loai electrdn can thyc hién mot cong dé
thing trudng cdn néi trén. Electron trong kim
loai xem nhu bi nhdt trong mot “hé thé” c6

E

4

A

v

<--- > --p

Hinh 5.7. H6 thé giam electron
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%mVZZA:ego (5.11)

5.4.2. Hiéu dién thé tiép xic, dinh Iy Volta.

Thuc nghiém chitng té ring: khi ndi 2 kim loai khdc chat gifta chiing
xuat hién mot hiéu dién th€ goi 1a hiéu dién th€ ti€p xiic c6 gia tri phu thudc
vao bdn chit, nhiét dd cdc kim loai.

Hiéu dién thé giira hai ddu cia mot doan mach gdm nhiéu kim loai
khdc nhau ghép ndi ti€p chi phu thudc vao ban chat clia kim loai & hai diu ma
khong phu thudc vao bdn chit ciac kim loai & gitta mach. C6 hai loai hiéu dién
th€ ti€p xtc trong va hiéu dién th€ ti€p xtdc ngoai.

a) Hiéu dién thé tiép xiic trong.

Hiéu dién th€ ti€p xiic trong xuit hién do sy khuéch tin cic electron
din qua chd ti€p xiic (mdi han) x4y ra do su chénh 1éch ndng do cic electron
din trong hai kim loai. Gia si ta c¢6 hai kim loai 1 va 2 dugc ghép vé6i nhau.
Do chuyén dong nhiét hdn loan cic electron ty do trong 2 kim loai sé khuéch
tdn qua moi han. Do mat dd cdc electrdn din 1a khdc nhau (gid st n;>n,) ta ¢
dong electron khu€ch tdn tir kim loai 1 sang kim loai 2 s& 16n hon dong
electron khuéch tdn theo chiéu ngugc lai. K&t qua, kim loai 1 sé& tich dién
duong con kim loai 2 sé& tich dién Am. Tai chd ti€p gidp s& xuat hién mot dién
trudng huéng tir kim loai 1 sang kim loai 2. Pién trudng nay s€ ngin can
chuyén dong ctia dong cic electrdn tir 1 sang 2 va thiic diy chuyén dong cia
dong céc electrdn tir 2 sang 1. Qué trinh dat dén trang thdi ciAn bing dong va
lic d6 gitta hai kim loai ton tai mot hiéu dién thé ti€p xic U; c6 gid tri cd 1072
d&n 10°V.

Trén hinh 5.8 bi€u dién d6 thi O N @
phan bd th€ ning cia cdc electron c6
sy nhdy mifc khi qua mdi han.

Theo thuyét electrdn c6 di€n, ta
c6 thé tinh dudc gi4 tri clia hiéu dién /
thé ti€p xic trong. Ta c6 mat do n cia Ur / I eU;
chat khi dugc tinh theo phin bo
Boltzmann:

v

Hinh 5.8. Hiéu thé tiép xiic trong
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v6i Uy 1a th€ ning cla phan tif khi. Vi tdp hop cdc electrdn tu do trong kim
loai dudc xem nhu 12 khi electron nén trong trudng hgp 2 kim loai ti€p xic ta
c6d Ur = eU,. Tur d6 ta co:

_eUi
ny=me K
Hay:
Ul-:k—Tlnn—z 5.11)
e n

Trong d6: - n; va n, la mét do electron trong hai kim loai
- k 12 hing s6 boltzmann.

Cong thitc (5.11) cho thay hiéu dién th€ ti€p xic trong U; phu thudc vao

nhiét dd va su chénh 1éch vé mat dd ny/n; cla hai kim loai.
b) Hiéu dién thé tiép xiic ngoai.

La hiéu dién th& giita hai dau tuy do clia hai kim loai khidc nhau ghép
vdi nhau. Ta hay xét trang thai thi€t 1dp & cdc dau tu do cla hai kim loai ti€p
xuc v4i nhau.

Khi hai thanh kim loai tdch rGi nhau, trang thdi ning lugng cia cac
electrdn trong ching dudgc dic trung bing cdc hd thé v4i dd siu tuong ¥ng e,
va e@,. Khi cho hai thanh kim loai ti€p xiic v6i nhau, tai 16p ti€p gidp xay ra
qué trinh khu€ch tdn clia cdc electron va hinh thanh mot thé hiéu tiép xic
trong U;. P4y ctia 2 hd thé s& chénh nhau mot khodng ding bing eU;. Do dd
su ctia 2 ho th€ khdc nhau, nén bs ngoai cla ching s& 1éch nhau. Nghia 1a
gitta hai di€m C va D bat ky bén ngoai va sdt bé mit kim loai s& ton tai mot
hiéu dién th&, goi 1a hiéu dién thé ti€p xiic ngoai U, (hinh 5.9).
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A A
c[_ o | ® b
0 x X i
€0 els
H Y
€0, v eQ,
€2
v v
eri
a) b)

Hinh 5.9. Co ché hinh thanh hiéu dién thé tiép xiic ngoai
Tu hinh (5.9) ta c6:

eU,=ep, —ep teU,

Do do:

U,= ¢, —¢2U; (5.12)

LAy d4u + hodc — phu thudc vao ddu cta U;. Vi gi4 tri cia hiéu dién thé
ti€p xdc U; rdt nhd chi ¢d 107 d&€n 107V, trong khi gid tri ctia cdc dién thé
thodt ¢ lai c6 gid tri c& vai von nén c6 thé coi gan ding:

U,= o, —¢ (5.13)

Ly thuy&t luong tif vé& kim loai chitng td cdng thifc trén 1a ding.

Né&u doan mach gdm nhiéu kim loai ghép ndi ti€p thi hiéu dién thé gifra
hai du cia mot doan mach chi phu thudc vao ban chit cda kim loai & hai dau
ma khong phu thudc vao bdn chit cdc kim loai & giita mach.

That vay. Gia st xét doan
mach gém c6 bdn kim loai 1,2,3,4
ghép v6i nhau (hinh 5.10). Ta hay
cit tudng tugng ching theo céc
dudng aa va bb. Hiéu dién thé€ ti€p
xtc gifta cdc dau ty do theo (5.13) sé&
lan luot 1a:

Up=0—¢
Up= 93— .
Usy= 04— 3 Hinh 5.10. Hiéu dién thé tiép xiic ngoai

Hiéu dién thé ti€p xdc cla ci
mach dién la:
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Uy +Up+Usy = (0 =)+ (@3 =) + (@4 —3) =04 —y =Uyy (5.14)
Nghia 12 hiéu dién th€ ti€p xtic cia cd doan mach chi dugc x4c dinh bsi
cic kim loai § hai dau, khdong phu thudc vao cdc kim loai & giita.

§5.5. CAC HIEN TUQNG NHIET PIEN
5.5.1.Hién tugng Peltier

Do tdn tai hiéu dién thé ti€p xic, nén ngoiai nhiét lugng Joule tda ra
trong thé tich vat din con c6 mdt nhiét lugng phu nita xdy ra & chd ti€p xic
gitta hai kim loai khac nhau. Hi€én tugng nay dugc Peltier phat hi€én vao nim
1834 va dugc goi la hi€n tugng Peltier.

Khi cho dong dién di qua chd ti€p xuc gifta hai kim loai, xdy ra sy hap
thu hay tda ra nhiét luong Q goi 1a nhiét luong Peltier, thy thudc vao chiéu
dong dién, k€t qua 1am cho m&i han lanh di hay néng 1én.

Thuc nghiém ching té ring, nhiét lugng Peltier ty 1€ thuin vdi dién tich
toan phan di qua mdi han:

Qr = 7mppq = 7plt = -7mplt (5.15)
o} dAy 7= - m; goila hé s6 Peltier.

Chd y rang hién tugng Peltier khdc hién tugng tda nhiét Joule-Lenx:
Nhiét lugng Joule ty 1& v6i I” va khong phu thudc vao chiéu dong dién I, trong
khi nhiét lugng Peltier thi ty 1& vdi I va phu thudc vao chiéu dong dién. Nhiét
lugng Joule phu thudc vao dién trg R con nhiét lugng Peltier thi khong.

Nguyén nhdan: Do ton tai thé€ hiéu ti€p xic trong. N&u dién trudng tai
mdi han cuing chiéu dong dién né s& cin tr§ chuyén dong ciia cdc electrdn
lam dong ning cia ching gidm. Cdc electron phdi 14y thém ning lugng &
mang tinh thé, k&t qua 1am cho mdi han lanh di. Ngugc lai, néu dién trudng
ngudc chi€u dong dién, cic electrdn sé dudc gia toc thém, ching ting dong
ning va nhudng bSt ning ludng cho mang tinh thé, k&t qua 1am cho mdi han
nong lén.

5.5.2.Hién tuong Thomson

Khéo sit cdc hién tuong nhiét dién Thomson nhéin thiy ring: Ngay ca
trong mot vit din dong nhi't, n€u nhiét do tai cic phan khdc nhau ctia vit din
12 khdc nhau, thi khi cho dong dién mot chiéu chay qua vat din sé x4y ra hién
twgng c6 mot nhiét lugng phu tda nhiét (hay hap thu) ngoai nhiét lugng Joule.
Hié€n tugng nay goi la hién tugng Thomson.
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Nhiét lugng Thomson tda ra trong mot don vi thé tich trong mdt don vi
thdi gian ty 1€ v4i gradiént nhiét do dT/dx va v6i mat do dong i:
dT

Qr =t i (5.16)

Trong d6 t 12 hé s6 ty 1& goi 1a hé s6 Thomson.

Nguyén nhian: Ning luong ciia cdc electron & dau néng 16n hon diu
lanh, nén khi cdc electron chuyén dong tir diu néng t6i dau lanh (ngudc chiéu
dong dién) né nhudng bét ning lugng cho mang tinh thé 1am vat din néng
1én. Nguoc lai, khi electrdn chuyén dong tir dau lanh sang dau néng né 13y
thém nang lugng tU mang tinh th€ 1am vat din lanh di.
5.5.3.Hién tuong Seebeck.

a) Khi ghép cdc kim loai khdc chat, n€u nhiét do cdc mdi han khac
nhau s& 1am xuit hién trong mach mdt sudt dién dong nhiét dién. Chazlng han
véi mach kin gdm 2 kim loai khdc chi't ghép véi nhau (goi 1a cip nhiét dién),
néu nhiét @6 hai mdi han khdc nhau trong mach s& xuat hién dong dién goi 1a
dong nhiét dién, hién tugng nhi€t di€n dugc Seebeck phat hi€én vao nam 1821.
SuA't dién dong nhiét dién dudc xdc dinh theo biéu thic:

~/ u‘ ~/
4 =- OB(grad T)dl = - HpdT (5.17)
N&u hiéu nhiét dd hai m&i han khong 16n ta c6 thé viét:
N LA N o LcAe A A LA a . .. . N
o la hé so nhiét di€n vi phin (a :d—T), cO gid tri phu thudc vao ban

chit ctia kim loai. Bdng (5.1) cho gi4 tri clia o tinh ra microvon trén do
(wV/K) & mot sd kim loai doi vé6i Platin & 0°C.

Bdng 5.1

Kim loai a (uV/K) Kim loai a(uV/K)
Bixmut -65,0 Kén (Ni) -16,4
St +16,0 Antimdni +47,0
Pong +7.,40 Constantan 34,4

DAu (- hoiic +) trudc tri s6 a chi rd chiéu clia dong nhiét dién, cu thé 1a
& moi han néng dong dién chay tir kim loai ¢6 gid tri o nhd (gia tri dai sO)
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sang kim loai kia. Vi du, & cip Sidt — Constantan dong dién & mdi han néng
chay theo chiéu tir constantan (a=-34,4uV/K) sang Sit (a=19,0uV/K).

c) Nguyén nhdn cia hién tugng Seebeck.
Hién tugng Seebeck xuit hién do hai nguyén nhin sau day:

- Ton tai hién tugng khuéch tdn wu tién cic electrdn tir diu néng sang diu
lanh, 1am cho dau néng tich dién duong, diu lanh tich dién Am.

- Sy phu thudc ctia hiéu dién thé ti€p xdc vao nhiét dd 1am cho tdng hiéu
dién th€ ti€p xtc trong khac khong:

bo—U, U, =M Koy m KO =)y m (5.19)
e nl e n2 e nl

d) Ung dung ciia hién tuong Seebeck.

- Hién tugng Seebeck dudc ttng dung dé do nhiét do. Tur cong thic (5.18)
ta thd'y n&u giif nhiét dd mdt diu c6 dinh (T, =T), khi do suit nhiét dién dong
ta c6 thé bi€t dugc nhiét dd ctia diu kia (T, = T). Dung cu dé do nhiét do goi
1a cap nhi€t dién.

Cip nhiét dién dugc st dung dé€ do nhiét dd rat cao ciing nhu rit thap, cé
thé do tir xa nhitng noi ma khong thé cho phép do truc ti€p bing cdc nhiét k&
thong thuong.

Trong biang 5-2 cho gid tri suit nhiét dién dong tao bdi cdc kim loai
khéc nhau véi Platin khi nhiét do t, = 0°C va t = 100°C.

Bdng 5-2
Vér lidu Sudt nhiét dién Vér liu Sudt nhiét dién
T E, (mV ¢ 100°C) o E, (mV & 100°C)
Nicrom +2,2 Constantan 3.4
Mangan +0,76 Copen -3,6
Pdng +0,76 Niken -1,5
Crom +2.4 Alumen -1,7

- Hién tugng Seebeck con dudc tng dung dé 1am pin nhiét dién.
Khi mdc ndi ti€p nhiéu cip nhiét dién ta c6 thé tao ra mot bo pin
vdi sudt dién dong cd vai von va dong téi vai ampe. Tuy nhién hiéu
sudt cua pin rat thap (0,1%) nén chi st dung trong mot s6 trudng hop
can thiét.
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§5.6. CAC HIEN TUQNG PHAT XA ELECTRON

5.6.1. Phat xa nhiét electron.

Ph4t xa nhiét electrdn 13 hién tudng phit xa electron ra khdi bé miit
kim loai nhd d6t néng.

Pé€ bt electrdn ra khéi kim loai, ning lugng clia electron phai 16n hon
cong thodt bé mit. Theo thuyét electrdn c6 di€n, ning lugng trung binh cia

chuyén dong nhiét la %kT. biéu kién dé phat xa electron nhiét s€ la:

3
— kT, > e
> kK = €Q

2
Hay: T, 2 —e 5.20
y k25 (5.20)
Gid tri cia cOng thodt e@ d6i v6i cdc kim loai nim trong khodng tir 1
dén 4,5 eV. Néu ¢ =2V thi Ty = 15000K.

Trong thuc t€, & nhiét do phong ciing dd c6 mot sd electron phat xa ra
khéi bé mit kim loai, va biat didu & nhiét @6 1000 +3000K da cé mdt lugng
ddng k€ cic electron thodt ra khéi bé mit kim loai. S& di nhu vdy 13 vi trong
kim loai luén tén tai mot s6 electron cé ning lugng 16n hon ning lugng
chuyén dong nhiét trung binh va chiing c¢6 thé dé dang thoat ra khéi kim loai
& nhiét @6 khong cao lim.

Hién tugng phat xa nhiét electron dong mdt vai tro diac bi€t quan trong
trong k¥ thuit dién va dién tr (ché€ tao dén dién tit, dén 6ng tia Am cuc,...)
5.6.2. Phdt xa quang electron.

Phdt xa quang electron 12 hién tugng quang dién ngoai. Khi chi€u 4nh
sdng vao bé mit kim loai, n€u théa man diéu kién quang dién cdc electron s&
bt ra khdi bé mit kim loai.

biéu kién phdt xa 1a: hf > e
Hay: f> % (5.21)

Trong d6: f1a tin sd 4nh sdng kich thich, h 12 hiing s6 Flanck.

5.6.3. Phdt xa electron thit cdp.
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Phit xa electron thit cAp 13 hién tugng phdt xa electron tif bé mit kim
loai khi bi cdc electron bin pha. Dic trung bing hé s6 phat xa thit cap:

o = & (5.22)
N,

N, va N, 1a s6 hat electron so cip (hat t6i) va electron thit cap.
S phu thudc vao bé mit kim loai, vao dong niing clia electron so cap.

Véi kim loaid,,,

<2,v6ibindin o >10 hoic hon.

Hién tugng phat xa tht cAp dudc dung trong cdc 6ng nhin quang dién
dé€ khuéch dai tin hiéu 4nh sdng y€u trong viéc do bitc xa véi do nhay cao.

5.6.4. Ty phdt xa electrén hay phdt xa catét lanh.

La hién tuong phdt xa electron khéi bé mit kim loai khi c6 mot dién
trudng rat manh tic dung. Néu & bé mit kim loai c6 mot dién trudng ting tdc
thi né sé& “hiat” cac electrdn trong nguyén ti § mat ngoai kim loai lam ching
vuot qua hang rao th€ ning va bit ra khoi kim loai.

Hién tugng phdt xa electrdn sinh ra do hang rao thé trén mit kim loai bi
bién d6i khi chiu tic dung clia mot dién trudng rit manh & bé mit. Sy bién
ddi d6 din t6i lam gidm dd cao cda hang rao thé (hd thé), tifc 1am gidm cong
thoat e, mit khac 1am thu hep bé rong clia hd th€, 1am ting x4c sud't chuyén
electron qua hang rao th&. Sy bién d6i cong thodt dudi tic dung cliia dién
trudng ngoai goi la hiéu wng Shottky. Theo cd hoc lugng tir d6 1a hiéu dng
duding hdm (tunen) c6 mot xac suit d€ cic electron c6 thé chui qua hang riao
thé€, mic di ning lugng ctia né nhd hon bé cao hd thé.

Mat d6 dong phat xa J phu thudc vao cudng do di€én trudng ngoai theo
bi€u thifc:

j=pet’t (5.23)
Trong do: E, = 87”\/ 2mA> (5.24)
e

A —cong thoat bé mit: A = e
B - hé sd ty 1& phu thudc vao ban chdt bé mit phit xa.

§5.6. CAC DANG PHONG PIEN TRONG CHAT KHI.

O diéu kién binh thudng cha't khi 1a chat cdch dién t6t, trong ching hau
nhu khong c6 cdc phan ti mang dién (dién tich, ion). Trong nhitng diéu kién
x4c dinh chat khi bi i6n héa va trd thanh chit din dién.
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5.6.1. Tinh dan dién khong tu luc.
Su idn héa xdy ra do tdc nhin bén ngoai (ddt néng, chi€u bic xa ti
ngoai, tia X, v.v... ) goi la cac tdc nhin i6n hoa.
5.6.2. Tinh dan dién duy tri.
Hién tuong idn héa x4y ra do chinh bdn thin cdc phan tf mang dién
dudc dién trudng gia toc va cham véi cdc phan ti trung hoa giy i6n héa.
5.6.3. Su i6n héa va sy tdi hop cdc ion.
Trong su phéng dién ctia chi't khi luén c6 2 qud trinh x4y ra:
— Qua trinh i6n héa phén t trung hoa.
— Qua trinh tdi hgp cdc i6n va cdc electrdn thanh phin t trung hoa.
Goi An; 12 sO i0n tdi hdp thanh phan tif trung hoa thi
An;) = yng.
V6i n, 12 mat do idon duong (hay 4m). Khi khong c6 dong dién, sd idn
sinhra An, s& bang s0 i0n tdi hgp. Tic 12 ta c6:
An, =y,

Do d6, s6 idn ciing ddu trong mdt don vi the tich s& 1a:

n, = /A”O (5.25)
y

trong d6 y goi 1a hé so tdi hgp.

5.6.4. B linh déng ciia cdc ién. La van toc clia cdc idon khi dién trudng tic
dung c6 cudng dod bing don vi.
- Véi i6n duong: u, =ulE
-Vé6iionam:  u_=u’E
Trong d6: uf,va u’ goila do linh ddng cia i6n khi dwong va Am
5.6.5. Dinh ludt Ohm cho chdt khi.
Biéu thic dinh luadt Ohm cho sy din dién khong tu Ivc ctia chi't khi:
J = oE = en,(u} +u’)E (5.26)
Trong d6: o= en,(u +u’) 1a dién din sudt cda chat khi. Trong bdng
(5.3) cho gi4 tri d6 linh dong clia idn mot s6 chat khi.
Bdng 5.3
Cha't khi Do linh dong ctia i6n tinh ra 10*m?*/sV
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¢ p=700mmHg va T = 18°C

ul u?
Hydro (H,) 5,91 8,26
Oxy (0,) 1,29 1,79
Nitd (Ny) 1,27 1,84
Cacbon Oxyt (CO,) 1,10 1,14
Clo (Cl) 0,65 0,51

Bi€u thic (5.26) chi ding khi mat 46 dong dién nhd. Néu mat do dong
dién 16n tS6i mac sy tadi hgp khdong kip xay ra thi dong dién sé khong phu thudc
vao hiéu dién th€, dong dudc goi 13 bao hoa. P6 thi J = J(E) biéu dién dic
tuyén vol-ampe clia sy phéng dién khong tu
luc chi ra trén hinh 5.11. I

- Poan oa: tuian theo dinh ludt Ohm

- Poan ab: khong tuin theo dinh ludt Ohm.

- Poan bc: dong bao hoa

- Poan cd: dong ting dot ngdt, itng v4i sy
i6n hdéa do va cham rdt manh cida cic electron
va i6n do dién trudng rat 16n gia tdc. Sau dé _ ; SRS
1a sy danh thiing cha't khi khi dién trudng dng f f itV
véi thé hiéu n6 Uy Lic d6 chat khi ti€p tuc
din dién khi di ngit tic nhan idn héa. Hinh 5.11. Bdc tuyén Von-Ampe
5.6.6. Pinh ludt Paschen

Su din dién tu Iyc chi bit dau xdy ra 8 mot dién thé ndo dé goi I1a dién
thé chdy (n8) Uy. Dua vao thuc nghi€ém Paschen da dua ra dinh luit sau:

D61 vdi mbi chdt khi néu do dai ciia khodng phdng dién d va dp sudt chdt
khi p bién doi sao cho tich sé d.p khong thay ddi thi do 16n ciia hiéu dién thé
chdy (nd) giit nguyén khong doi.

U;=F (p.d) (5.27)
Pinh luit nay cho biét, néu 4p sudt gidm di bao nhiéu 1an va khodng
cich giffa hai cuc ting 1én bay nhiéu Ian thi hiéu dién thé nd Uy dit vao hai
cuc khong thay ddi gid tri.
Pinh luat nay ¢ thé dudc gidi thich don gidn nhu sau: G 4p sudt thap,
quing dudng tu do trung binh cla cic electrdn 16n, do d6 né van cé thé du trir
dd ning luong d€ i6n hdéa chat khi ngay ca khi dién trudng ting tdc bé.
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5.6.7. Su phdng dién thanh mién.

Sy phéng thanh mién trong K A

chat khi dudc quan sit xdy ra & 4p —Hl > 3 —4 5 H—
sudt thdp (~107at) khi khong c6
ngudn ion héa bén ngoai. Khi hiéu K A
dién the dit vao hai cuc A va K dat —H1 23 =% 5 | ]
gid tri “dién thé chdy” (khodng vai
trim von) trong 6ng quan sit thdy K A
chat khi phat sang. Hinh 4nh phéng _Hl > 3 I ]
dién trong 6ng dudc md ti trén )
hinh 5.12. g(A\)m cic mién sau: Hinh 5.12. Sy phéng di¢n thanh mién

I- L8p sdng 4m cuc

2- Mién t8i Crookes K A

3- Mién sdng Am cuc —H1 > 3 =4 5

4- Mién tdi Faraday N

5- CoOt sdng duong cuc v,

Trong nhi€u trudng hop cot
sdng dudng cuc cé nhitng 16p van.

Né&u dua A lai gan K thi tat
cd cdc mién gan Am cuc khong cé
gl thay d6i ma chi c6 cot sing
duong cuc ngin dan. Néu tiép tuc 0
lam ngin khodng cdch trén thi
mién t6i Faraday khong con nira,
st phéng dién vin ti€p tuc cho d&n khi A ti€n dé€n gidi han cila mién sdng Am
cyc va mién tdi Crookes thi su phéng dién sé& tit.

Pic trung clia sy phong dién thinh mién 13 sy phan bd dic biét clia
dién th€ doc theo chiéu dai dng (hinh 5.13). Thi nghiém cho thdy hau hét do
gidm th€ x4y ra trong mién t6i Crookes, goi la dé gidm thé catét Uy.

C6 th€ gidi thich sy phong dién thinh mién nhu sau: Khi dién dp gitta A
va K dd 16n céc electron va i6n c6 sin trong chat khi (du it) dudc gia tdc trén
quing dudng tv do trung binh khd dai (vi & 4p sudt thAp) nén c6 @ ning
lugng d€ giy ra idn héa do va cham tao ra cdc idn mdi 1am ting mat dd hat
tdi dién va bit dau c6 dong dién trong 6ng. Ti€p d&én d6 gidm thé catdt c6 tic
dung quan trong. Céc idn duong dugc tao ra do va cham (trong mién sdng Am
cuc va cot sing dudng cuc) chuyén dong vé catdt, khi di qua mién c6 do gidm
th€ catdt chiing thu dugc ning lugng di 16n nén khi dip vao catdt gdy ra phat
xa electron thit cdp. Cdc electrdon thit cAp sau khi phdt xa ra khdi catdt lai

~V

Hinh 5.13.Su phdn b6 dién thé
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chuyén dong vé phia andt, ching dugc ting tdc manh trong viing gidm thé
catot, nén khi va cham vdéi cdc phan tir khi chiing ti€p tuc idn héa chit khi tao
ra cdc i6n duong mdi, cdc idn ndy dén luct ching lai chuyén dong vé catdt va
lai gdy ra phat xa electron thd cAp mdi. Qud trinh ¢ nhu th€ ti€p dién va su
phéng dién trong 6ng dugc duy tri.

Mién t8i Crookes hinh thanh do cdc electron thif cap tir catSt chuyén
dong trén doan dudng chua xdy ra va cham vGi cdc phan tir khi, va chiing
ciing chua di ning lugng d€ i6n héa chat khi. Chiéu rong mién tdi Crookes
x4p xi quang dudng ty do trung binh clia electrdn.

Mién siang catdt 13 mién trong d6 xdy ra va cham manh nhit cla
electron vdi cdac phan tif khi. Ning Iuong ma electron truyén cho céc phan ti
khi khi va cham khdng dan hdi s& gy ra sy idn héa hay kich thich phan t¥
khi. Anh sdng xu4t hién do k&t qua su kich thich cdc phin t& khi. Qud trinh
ion héa trong mién nay tao ra cic idn duong can thi€t d€ duy tri sy phong
dién. Do d6 khi ta rit ngdn khodng cach giita cdc dién cuc cho dén khi khong
con mién sdng nay nita thi sy phéng dién sé& ngiing.

Céc electron thit cAp tir catot sau khi va cham véi cdc phan tf khi trong
mién sdng Am cyc s& bi gidm van tdc rat nhiéu. Cic electrén mdi sinh ra
trong qud trinh idn héa ciing chua c6 di ning lugng d€ i6n héa hoic kich
thich phan t phdt sing, do viy mién ti€p theo 12 mién tdi Faraday. Trong
mién nay cédc electron di chuyén vé Andt v6i van toc bé hon trong mién tdi
Crookes.

Su phan bo mat do idn duong va electrdn trong cdc mién clia dng rat
khong déu. Vi idn duong chuyén dong rat chim so vdi electron nén & gan
catdt mat do idon duong rat 16n so véi mit do electron, do d6 & gan catdt xuat
hién dién tich khong gian duong rat 16n, din d&€n do gidm thé& 16n gin catot
ma ta goi 1a do gidm thé dm cuc Ug. Ngudc lai trong cOt sdng ducng cucthi
mat do i6n dudng va electron gan bing nhau, nén & diy khong cé dién tich
khong gian. Do mat do electrdn 16n nén cot sing duong cuc c6 tinh din dién
tot va dd gidm th€ & mién nay rat nhé. Trong mién ndy x3y ra su tdi hop rat
manh cia i6n duong va cdc electron giai phong ra ning lugng dudi dang
photon, do vy mién nay phat sdng thanh cot sing duong cuc.

Hién tuong phéng dién thinh mién dudc ¥ng dung rong rii dé€ ché tao
cic loai dén 6ng: dén nedn, dén thiy ngan,...
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5.6.8. Phong dién ho quang.

Phéng dién hd quang
dugc tao thanh khi mat do A (A)
dong phéng 16n va dugc duy
tri bdi sy phdt xa cdc
electrdbn tr catdt bi nung -
néng do cdc va cham cia o N
nhitng id6n ciing nhu bdi sy
i6n héa cao do nhiét dd cao.

HoO quang dién x3y ra 0
trong moi trudng hgp khi ma
catot do dot néng, su phat xa
nhiét electrbn 1la nguyén
nhin cin ban cia su i6n hda
chat khi.

,..
-~

»

uev)

a) b)
Hinh 5.13. Sy phéng dién ho quang

HO quang dién thong thudng dugc tao ra bdi nhitng dién cuc dic biét
bing than ch& tao biing cdch nén graphit. Trén hinh 5.13,a cho ta hinh 4nh ho
quang x3y ra & ap suat khi quyén. Khodng cich giita 2 dién cuc khodng Smm
vdi dong dién tr 10 d€n 20A va th€ hiéu giita chiing khodng 40 dén 50V. Do
phéng dién hd quang thanh than & Am cuc nhon din, vad & miéng thanh than
duong cuc cang 16m vao tao thanh cdi hd goi 12 miéng hd quang. Nhiét do
trong miéng hd quang & 4p suit khi quyén 1én d&n 4000°C va & 4p suat cao ¢
thé 1én t6i 10* °C. Trén hinh 5.13,b 12 dic trung von-ampe cia sy phéng dién
hd quang.

Ho quang dién dugc ng dung d€ thip sdng trong cdc dén hd quang, cic
mdy chi€u hd quang, cdc 10 hd quang, ...

5.6.8. Su phong dién hinh tia trong chdt khi.

Trong sy phéng dién thanh mién ta thdy: v4i hiéu dién thé khong 16n,
st phong dién bit ddu xdy ra khi gidm 4p sudt chat khi giita hai dién cuc dén
mot gid tri ndo d6. By gid néu dp sudt chit khi bing dp sudt khi quyén, ta
ting dan hiéu dién th€ giita hai dién cuc. Khi hiéu dién th& dat d&€n mot gia tri
nao do ta thdy xudt hién tia lita dién. Tia lka dién xuyén qua khodng khong
gian phéng dién ra't nhanh rdi tit, song lai xuit hién tia Itra khdc. Ta thd'y mot
mach Ira nhd va rat sdng ndi lién hai dién cuc, thudng c6 dang dich dic va cé
rat nhi€u nhdnh (hinh 5.14).

TS. Luu Thé Vinh
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Trong su phong dién hinh tia ta quan sdt thdy cdc thic electron tao
thanh cdc 6ng din dién, vin toc lan truyén thic electrdn nhd hon van toc tao
thanh 6ng din dién. Piéu d6 lién quan tdi sy quang i6n héa chat khi. Cédc
nguyén tr bi kich thich bdi cdc thic electrdn s€ phat ra cdc photdn. Nhitng
phdton nay vi chuyén dong véi van tdc anh sdng nén vugt qua thac va idon héa
cdc nguyén t¥ trén dudng lan truyén.

Hién tuong phéng dién hinh tia thudng gip trong diéu kién khi quyén 1a
sét. Sét 12 mot tia 1tta dién khong 16 do su phéng dién gitta mot ddm may va
mit dit hodc gilra hai ddm may tich dién trdi diu khi giita ching tén tai mot
dién trudng di manh (¢ 2.10° d&€n 3.10°V/m). Cudng d6 dong dién trong sét
rat 16n ¢ thé dat t6i 10.000 dén 50.000 A. Hiéu dién thé giita ddm may va
mit dit trude lic phdt sinh ra sét dat t6i 10° = 10°V. Sét 1a tia lGa hep do 20
dé&n 30cm, con chiéu dai c6 thé tdi hang chuc kildmét. Trong dii hep d6 mot
4p suat rdt cao clia chi't khi dugc tao thanh giy ra su nd. Sau khi sét ddnh lam
giy cd ddinay do d6 sinh ra sim.

Sét c6 thé gay ra nhiéu thiét hai cho nha ctra, cong trinh ki€n tric va c6
khi nguy hi€m dé&n tinh mang con ngudi. Do vy cdc cong trinh cin c6 thi€t bi
chong sét. Mot trong cdc thi€t bi chong sét 1a cdt thu 16i. PS 1a mot cot kim
loai nhon dugc ndi da't va gin 1én chd cao nhit clia cong trinh. Do hiéu ¢ng rd
dién chd miii nhon (xem chuong 2) ma ngin ngita dudc sét cho cong trinh.

5.6.9. Platxma.

Plaxma 12 mot trang thai dic biét clia vat chat trong d6 mdi trudng bi
ion héa cao do, mat do i6n duong xap xi mat do electron.

Trong dng phéng dién thanh mién plaxma tao ra trong cdt sing duong
cuc, con trong su phong di€n thanh tia, plaxma dugc tao ra trong dudng phong
dién chinh. Plaxma phét sinh do ch4t khi bi d6t néng cao dd goi 1a plaxma
nhiét do cao (hay plaxma ding nhiét), vi du trong 1ong mit trdi, cic vi sao &
nhiét dd hang chuc triéu do cic chat déu & trang thdi plaxma ding nhiét. Céc
16p khi quyén trén cao bi idn héa manh bdi cdc tia bifc xa mit trdi va vii tru
cling § dang plaxma.

§5.7. HIEN TUGNG PIEN PHAN
5.7.1. Hién tuong dién ly. Chdt dién phan.

Thuc nghiém ching té ring dung dich cdc mudi, axit, bazd 13 nhitng
chat din dién t6t. Piéu d6 dugc ly gidi ring khi hoa tan trong dung mdi cédc
phan tr cda chat hoa tan da phan ly thanh c4c i6n Am va dudng. Vi du:
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NaCl ——> Na™ +CI”
H,SO,——2H" +80,

(5.28)

Sy phan ly cdc phan t thanh cdc idn goi 1a sy dién ly. C4dc dung dich
trén goi 1a chat dién phan (hay vat din dién loai 2). Thyc nghiém con cho
thdy su phan ly x4y ra doi v6i cd cdc mudi khi bi dun néng chiy.

5.7.2. Su dién phdn. Pinh ludt Faraday.
a) Su dién phan.

Trong cdc chit dién phan do ton tai c4dc idn duong, idn Am, nén khi dit
trong dién trudng cic idn sé& chuyén dong c6 hudng tao thinh dong dién. Khi
c6 dong dién chay qua dung dich sé xdy ra hién tugng dién phin — hién tugng
thodt ra & dién cuc mot thanh phan ciu thanh nén dung dich chit dién phan.

Xét trudng hop binh dién phan cé cdc dién cyc bing ddong (Cu) nhing
trong dung dich dong sunfit (CuSO,). Khi c6 dong dién chay qua binh dién
phan, cdc i6n Cu** chay vé catdt nhin thém 2 electrdn trd thanh nguyén ti
trung hdoa Cu bam vao dién cyc. Ngugc lai cdc i6n SO ““chay vé andt, tai day
chiing tdc dung v6i mot nguyén ti dong & dién cuc d€ tao thanh CuSO, va
nhudng 2 electron cho andt. Mudi CuSO, vira tao ra lai tan ngay vao dung
dich. Hién tugng trén 1am cho duong cuc bi mon dan (hién tugng duong cuc
tan) trong khi 4m cyc dugc bdi dip thém (hién tugng ma dién). Ta c6 thé coi
dong dién di c6 tdc dung “chuyén chd” ddng tir cyc dudng sang cuc Am.

b) Dinh ludt Faraday thit nhat

Khoi lugng m ciia chdt thodt ra & dién cuc ty 1é vdi dién luong q chuyén
qua chdt dién phan:

m = kq = kit (5.29)

k- 12 hé so ty 1& goi 1a dudng lugng dién héa phu thudc vao ban chat
héa hoc ctia chit thodt ra & dién cuc. Trong hé SI don vi ciia dudng lugng dién
héa 1a kg/C. Vi du véi bac (Ag) k= 1,118. 10'6kg/C.

c) Pinh ludt Faraday thit hai.
Puong lugng dién héa ciia mot chdt ty 1é véi duong luong héa hoc

k = cé (5.30)
n
2 A A . N 2 2 A A z N
Ty s0 — goi la duong lugng hdéa hoc cua nguyén to, trong d6 A la
n

nguyén tf lugng, n 12 héa tri clia nguyén t0.
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Hé sd ty 1& ¢ ¢6 cung gid tri v6i tAt cd cdc chat. Ngudi ta thudng ky
hiéu 1/c = F goi la s& Faraday. Thuc nghiém chitng té ring:
F = 9,65.10'C/kmol
T (5.29) va (5.30) ta c¢6 cong thitc chung bi€u dién dinh luat Faraday:
1 A 1 A
m—F-n-q—F~n-It (5.31)
5.7.3. Binh ludt Ohm cho chdt dién phan.

Dong dién trong chat dién phan dudc tao nén bdi su dich chuyén c6
huéng clia nhitng i6n khac dau trong dién trudng. Mat do dong dién trong chat
dién phan bing tong s6 mat do dong dién tao bdi sy dich chuyén clia cic idn
dudng theo chiéu dién trudng va cdc i6n Am theo chiéu ngudc lai.

J=Fna(u, +u_)E=cFE (5.32)

Trong d6 F 13 s6 Faraday; 7 1a ndng dd tuong dudng (s6 gam duong
lugng chat hoa tan trong 1 don vi thé tich dung moi); o 1a hé sd phan ly; u 1a
do linh dong cla cdc idn; o= Fpa(u, +u_) 1a dién dan sult tuong clia chat

dién phan.

TS. Luu Thé Vinh



- 88 - PIEN TU HOC

Chuong 6.
TU TRUONG TRONG CHAN KHONG

§6.1. Tuong tdic tii — Dinh Iy Ampere
6.1.1. Tuong tdc tir.
Bing thuc nghiém ngudi ta dd khdo sat tuong tac gifta cdc hé:
Tuong tac gitta nam chdm — nam cham.
Tuong tdc gitta nam cham — dong dién.
Tuong tdc gitta dong di€n — dong dié€n.
C4c tudng tdc trén c6 cung bdn chat: tudng tdc gilta cdc dién tich
chuyén dong (dong dién) goi 13 tuong tic tir.
Tuong tac tor khiac véi tuong tac tinh dién:
— Tuong tac tinh dién xay ra gita cdc dién tich ddng yén va né phu
thudc vao vi tri, d6 16n cua cac dién tich, xay ra tudn theo dinh ludt Coulomb.
— Tuong tic tir X4y ra giita cac dién tich chuyén dong va né phu thuodc
vio tinh chit ciia chuyén dong d6, x4y ra tuin theo dinh ludt Ampere. Khi xét
bdn chit tir cia nam chim ta sé& thdy tinh chdt tir cda nam chiam la do céc
dong dién phan tit khép kin trong cdc mau sit tir tao ra.

6.1.2. Dinh Iy Ampére.

a) Phdn tit dong dién: 13 mot phian vi phan clia dong dién cé chiéu dai dl, c6
do 16n bing tich sd ctia dong dién I véi véc td dl: Idl.
b) Tuong tdc giita 2 phdn tit dong dién.

Khdo sit 2 phin tif dong dién I, dl, va I, dl, dit cich nhau mot khodng
ri2 (hinh 6-1).

1,dl;

Hinh 6-1
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Biing thuyc nghiém cho thdy luc tdc dung clia phan t¥ dong dién I, di,
1én phan tf dong dién I, dl, c6 gid tri:
1

dF,, 1 — - 1dl, - L,dl,

2
dF,, ] sin@, -sin6,

Hay ta viét:
1,dl, - 1,dl, sin6, sin 6,

2
P

dF, =k- (6-1)

Phuong ctia dFi> L (I,dl,,n)
Chiéu: nhin tir midt ctia dF1 thay dl> quay cung chiéu kim dong ho vé

tring v6i n theo géc bé nha't. Nhu vay ta c6 thé viét biéu thic véc to:

[1,dl> x[1,d]i x7,]]
o

Trong d6: k 12 hé s6 ty 1& c¢6 gid tri phu thudc vao hé don vi. Trong hé

d?lz =k-

(6-2)

SI ta c6: k:f—o,vc’ii 1o =47 107 H/m— hiing s& tir.
T
Nhu vay c6 thé viét lai (5-2) nhu sau:

_ Mo [Izdj2 X [Ild_il x 1]

3
T N2

dF1 (6-3)

Chii y. Khdi niém phan tif dong dién chi c6 y nghia thuan tdy téan hoc, né
gitp cho vi€c tinh todn thuin Igi. Vi dong di€n bao gis cling khép kin, nén luc
tdc dung 1€én toan dong dién s€ la:

F= j dF (6-4)

(Toan dong dién)

§6.2. Tu truong — Dinh ly Biot-Savart-Laplace.
6.2.1. Khdi niém tw truong .

Pé€ gidi thich cd ché tuong tic tir trong lich st Vat 1y hoc da xuat hién 2
quan di€m khdc nhau:

— Thuyét tdc dung xa: cho ring tuong tic tir dugc truyén di mot cach tic
thdi gifta cdc dong dién va khong cin thong qua mot moi trudng vat chat
trung gian nao. Khi chi ¢c6 mot dong dién thi moi trudng xung quanh khong
x4y ra mot bi€n ddi nao.

— Thuyét tdc dung gdn: cho ring tuong tic tir phdi thong qua mdt moi
trudng vat chat trung gian bao quanh cdc dong dién. Luc tuong tdc dugc
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truyén tif phan nay sang phan khdc cla mdi trudng vdi van tdc hitu han (van
toc truyén tuong tac). Khi chi c6 mot dong dién thi mdi trudng xung quanh da
c6 nhitng bi€n ddi.

Theo quan diém duy vat bién chitng ta thdy rd thuyét tic dung xa da
cong nhin ton tai chuyén dong phi vt chat. Piéu nay khong thé c¢é dudc. Vat
ly hoc hién dai dd bac bd thuyét tdic dung xa va cdng nhan thuyét tic dung
gan. D€ gidi thich cd ché tuong tdc tir giita cdc dong dién can phai cong nhin
mdt thyc thé vat Iy 1am moi trudng trung gian truyén tudng tic giita chiing.
Thuc thé vat Iy nay chinh Ia tir trudng. TU trudng ton tai xung quanh cic dong
dién, thong qua tif trudng ma tir Iyc dugce truyén di v6i van toc truyén tuong
tdc hitu han bing van toc cia dnh sdng trong chan khong.

— Tinh chdt cdn bdn cia tit truong: tdc dung luc tir 1én mot dong dién bat ky
nao dit trong né. Tir trudng 13 dau hiéu tong quit nhit d€ nhin bi€t dong
dién.

Trong phin sau ta sé& thiy tif trudng cling nhu dién trudng chi 13 mot
biéu hién clia trudng dién tir. P6 12 mdt dang clia vat chit c6 ddy di cic
thudc tinh xdc dinh ma con ngudi c6 thé nhan thifc dugc: ning ludng, khdi
lugng va xung lugng.

6.2.2. Cdm utng tit B va cuong do tir truong H .

b€ dic trung dinh lugng cho trudng vé mit tic dung lyc ngudi ta dua ra
khai niém véc to cdm dng tir B .
Tir bi€u thic cda dinh ludt Ampére (6-3) néu tdch riéng véc to :

dB, = Ho _[11‘”13>< Mol
4 1

(6-5)

Ta thdy dB, chi phu thudc vao 11521 va vi tri ta xét ;5. N6 ¢6 thé dung
dé dic trung cho Ild_il vé miic tic dung lyc 1én Izd_iz . dél dudc goi la véc to
cdm dng tf nguyén td do IlaTA giy ra tai toa do ry,.

Cam tng tif nguyén t6 dB do mot phan tif dong dién ba't ky gy ra:
_ppl [dixF]

4 r

dB (6-6)
Bi€u thic (6-6) dugc goi 1a dinh 1y Biot-Savart-Laplace. Chiéu cta véc
td dB 1a chiéu clia tich véc to [dIxF].
— Don vi. Trong hé SI cam tng tir do bing Tesla (T).
— Nguyén Iy chéng chdt tir truong.
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Ciing giong nhu dién trudng, tif trudng tudn theo nguyén ly chong chat.
Do dong dién bao gid ciing khép kin, nén cam tng tir do toan bd dong dién
gdy ra tai mot di€ém ndo d6 sé& bing tdng cdc cadm Gng tif nguyén td do tit ci
cdc phan tir dong dién tao ra:
B= | dB (6-7)
(Toan dong dién)
T trudng do nhiéu dong dién gay ra tai mot di€m nao d6:

—

B = B\+B,+B;+---+B ,=Y B, (6-8)
i=1

— Véc to cuong do tir truong H . Ngodi véc t6 cdm ¢ng tf B ngudi ta con
diing véc to cudng dd tir trudng H .

— Trong chan khong: H = B (6-9)
Hy
o —~ B -
— Trong tr mo1 : H=—-J (6-10)
Hy

(Trong do J —véc to tit héa, s& xét trong chuong 8)
6.2.3. Ap dung dinh Iy Biot-Savart-Laplace.

1) Tinh tir trudng do mdt dong dién tron giy ra tai mot diém nim trén
truc vong day.
Xét phin tif dong Idl giy ra tai M mdt tlf trudng nguyén t6 dB :

JB - ,uOI-[dlxr]

4r r
T trudng toan phan do dong dién tron gay ra:
B = [aB
¥
Do tinh d6i xting c6 thé phan tich: dB = dB,+dB; (hinh 6-2, a):
B=[dB=[dB,+ | dB,
¥ ¥ ¥

Ta co: det:O ; jdén: Idécosa.
£ £ £

Vi tdt cd cdc véc td dB, déu cling phuong chidu nén c6 thé viét:
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ldl
r AdBL . §dB — _
, - P B
0 y M dB,
a) b)
Hinh 6-2
B:decosa—'u— 53_[ 27R
> 27zr
) Ho ILlOPm
Hay: B=—"+-IS= 6-11
y Y 2R+ 1) ( )

Véi: P, =I1S—-mobmen tir cia dong dién tron (hinh 6-2, ¢)
P, =1Sn — véc td mdmen tif song song cling chiéu vdi B.

_N&uh=0: B, = ;’70[2"; (6-12)
_N&uR <<h: B = ;‘OIZ’; (6-13)
T

2) Mot cich tudng tu ta ¢ thé tinh dudc tir trudng clia mot dong dién thing
dai vd han gy ra tai mot di€m cdch dong dién mot khodng r:

B:'U_OI; H:L_ (6-14)
2xr 2xr

Phuong va chiéu tuin theo quy tic vin nit chai: “Cho cdi vin niit chai
tién theo chiéu dong dién thi chieu quay ciia cdi cdn vdn niit chai chi chiéu
cua tir truong”

§6.3. Tu thong — Dinh ly Oxtrogratxki — Gauss cho tu truong.
6.3.1. Duong cam ving ti
Tuong ty nhu trong dién trudng, d€ md t3 hinh dnh tir trudng ngudi ta
diing kh4i niém dudng stic tf trudng hay dudng cdm ng tir. P4y 13 nhitng
dudng vé trong trudng ma ti€p tuyé&n tai mdi di€m triing vdi véc td cAm Gng tir
tai di€m dé, c6 chiéu 1a chiéu cda ti trudng.

Tinh chdt ciia duong sitc ti:
- Pudng sifc tir 12 nhitng dudng cong kin, chiing khong c6 di€m bit diu va
ciing khong c6 di€m két thiic. Tir trudng 13 mot trudng xody.
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- Mat do dudng suc (s6 dudng sic xuyén qua mdt don vi dién tich dit vudng
géc v6i trudng) cho bi&t do 16n ciia véc to cdm tng tir tai mdi di€m.

Vi du: Pudng sic tif trudng clia dong dién thing (hinh 6-3, @) va cda dong
di€n tron (hinh 6-3, b).

()

Hinh 6-3

6.3.2. Tut thong.

La thong lugng clia véc td cdm Gng tr B glri qua mot dién tich ndo dé.
Ta hay xét mot dién tich dS dat trong truGng. T thdong glri qua dS c6 gia tri:

d¢=B-dS = B dS cosa (6-15)

Trong d6: dS=dS-n — véc td dién tich c6 do 16n bing dS, c6 hudng
cia phdp tuy€n vdi dién tich n
T thong toan phan giti qua mot mit hitu han ndo d6 c6 gi4 tri:

¢=[dp=[BdsS (6-16)
S S

Don vi: Trong hé SI tu thong c6 don vi la
Webe (Wb). Do d6 ta dinh nghia don vi ctia
cam ung tr B 1a Tesla tir cong thitc dinh
nghia tir thong nhu sau:

_[®o1_wb_,

B —
[B] S|

“.___...

o

Tesla la cam ving tir ciia mot tix thong
déu 1 Vébe xuyén vuéng géc qua mot mdt
phdng dién tich 1 mét vudng.

Hinh 6-4

6.3.3. Dinh Iy Oxtrogratxki — Gauss.
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Ta hay tinh tr thong giti qua mot mit kin X bat ky.
Quy udc. V& phip tuyén duong n cla mdt kin hudng tU trong ra ngoai mat
kin. Nhu vdy chd nao dudng siic di vao (0>90") nén tir thong sé& c6 gid tri Am,
con chd nio dudng stc di ra (o <90°) nén tir thong s& c6 dau duong.

P
Hinh 6-5

Ta c6 tr thong glti qua toan mat kin sé€ 1a:
O = “‘Edg‘ = J‘BdScosa =0, + D,
z z

— Phan mit MNP (dudng stc di vao): @, = IBa’S cosa, <0 do a; >90°

— Phin mit PQM (dudng stc di ra): D, = deS cosa, >0 do o, <90°

Vi cdc duong suc tor 1a khép kin, nén c6 bao nhi€u dudng stc di vao
mit kin thi cling c6 bay nhiéu dudng stc di ra khdi mit kin. N6i cdch khdc vé
mit do 16n @, = ®,. Do vay tir thong toan phan giti qua mit kin sé& 1a:

D=, +D, = I BdS cosa, - J‘ BdScosa, =0

MNP POM

@:Djiédé:o (6-17)

Bi€u thic (6-17) thé hién dinh Iy O-G cho tir trudng, né cho thay tir
truong la mot truGng xody.
Trong giai tich todn ta da chitng minh dugc ring:
[ﬁBdS divB - dV (6-18)
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Trong d6 V la thé tich gigi han bdi mit kin £. K&t hgp (6-17) ta c6:
divB=0 (6-19)

b4y 1a dang vi phin cta dinh 1y O-G.

Tuong tu, néu vi€t dinh Iy O-G cho véc td cudng do tir trudng H ta co:
mﬁdi 0, divA =0 (6-20)
z

Y nghia: Céc biéu thic (6-17, 6-19, 6-20) cho ring thiy ring tif trudng 13 mot

trudng xody. Py 132 di€m cho thiy su khdc biét cd ban giita tir trudng va
trudng tinh dién. Pudng sitc dién trudng 12 nhitng dudng cong hd, chiing bit
ddu va két thidc trén cdc dién tich (hay & vo cuc). Cdc dudng sic tif trudng
khong c6 di€m bit diu va diém k&t thic, ching 12 nhitng dudng cong kin.
Diéu d6 ching td ring trong tuw nhién khong ton tai khdi niém “ti2 tich” .

6.3.4. Dinh I¥ dong toan phdn (dinh Iy vé luu sé véc to B)

a) Dinh Iy: Trong tinh dién ta c6 luu sd cla véc to cudng dd dién tru’c‘fngE
dudc dinh nghia 1a tich phan jEd7 V6i mot dudng cong kin thi: [ﬁfd? =0
¥

Tuong ty trong tf trudng ngudi ta dinh nghia luu s clia véc td cdm ng
tr B theo mot dudng cong nao do la tich phan: I§d7 :

Ta hiy xét mot dudng cong phing, kin ¥ bao quanh mot dong dién
thing dai vo han (hinh 6-6, a). Pudng cong nim trong mit phang vudng géc
v6i dong dién. Chon chiéu duong .~ 1a chiu clia tif trudng B, ta c6:

2
mﬁdi _ [ﬁBdlcos(E,dT) _ jBrdgo _ j Brdg
¥ ¥ ¥ 0

Trong do: B= ‘u—ol;
27r
/ 2z
Tt d6: Bdi - ‘2& _[ dp = ul 6-21)
T
¥ 0

Dé thay, n€u chiéu duong clia ¥ ngugc lai thi géc o > n/2 khi d6 gid
tri cia dicosa=rdp<O.

Luu Thé Vinh
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Hinh 6-6

Nhu vy luu s6 cla véc td B ¢6 thé c6 ddu duong hodc am ty thudc
vao chiéu clia dong dién. />0 néu chiéu clia ¥ va I thuin chiéu theo quy tic
van nut chai va ngugc lai.

Néu dudng cong ¥ khong bao quanh dong dién I (hinh 6-6, b) ta c6:

Trén phan (abc) thi géc o < 71/2 nén dicosa = rdp > 0.
Trén phin (cda) thi géc a. > n/2 nén dicosa = rdp < 0.

Do doé: Djﬁdf = Aol I do+ j do :ﬂ—‘)I[A(p—Ago]:O
¥ 27 (abe) (cda) 27
Trong d6: Ag — géc nhin tur [ t6i
Nhu vay, n€u ¥ khong bao quanh dong dién thi U‘]Edf = 0.
¥

+ Trong trudng hop tong quit, néu 14 mot dudng cong c6 dang bat ky

(khdng phang), khi d6 ta c6 thé chia dl thanh 2 thanh phan (hinh 6-7):
dl=dl, +dI,

Trong d6 thanh phan dl, L dong di€n I nén song song v4i B; con thanh

phan dl; song song v&i dong di€n I nén L v4i B. Nhu vay:

[ﬁ§d7 - m§d7n+m§d7; - J' Bdl, cosa + I Bdl, cos90°
2 2 12 7 &
K&t qua: Ude [ = uyI —n€u ¥ 'bao quanh dong dién 1.
7

mﬁdf = 0 — néu ¥ khong bao quanh dong dién 1.
2
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Hinh 6-7

Tong qudt: Xét cho trudng hdp c6 nhiéu dong dién xuyén qua ¥ ta c6 thé dp
dung nguyén 1y chong chat tir trudng. Pinh 1y Amprére vé dong toan phin
dudc phat bi€u nhu sau:

Luu s6 ciia véc to cdm iing tir theo mot duong cong kin bdt ky bing tong
dai s6 cuong do dong dién xuyén qua dién tich gidi han bdi duong cong do
nhdn vai .

[jjﬁdi = w1, (6-22)
% k

Quy udc: I, >0 néu thuin chiéu ¥ theo quy tic vin niit chai.
I, < 0 n€u ngugc chiéu ¥ theo quy tic vin niit chai.

b) Ap dung: Pinh Iy dong toan phin dugc st dung d€ tinh todn tir trudng cla
mdt dong dién nao d6 mot cach nhanh chéng. Ta hiay xét mdt s6 trudng hgp
dién hinh sau day:

Vi du I. Tinh tif trudng ctia mot dong dién thing dai vd han, c6 dudng kinh
d=2R tai mot di€m bén trong va tai mot di€m bén ngoai day dan.

Do tinh chit d6i xtng tru nén dudng sitc tif trudng 12 nhitng dudng tron
ddng tAm nim trong mit phing vudng géc vSi dong dién I . Gid tri clia véc td
cam wng tir B tai moi diém trén mdt dudng stc tir 14 nhu nhau. Ta hiy chon
dudng cong 14y tich phdn ¥ tring véi mdt dudng sifc tif c6 ban kinh r.

1- Xét di€ém M & bén ngoai didy din (r > R) :

U.]Edi = Bma’l =B -27r =p,l
£ £
1

gt p_ 1 (6-23)
2xr 2xr

Luu Thé Vinh
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2— Xét di€m N bén trong day din (r<R). -
[|Bdl = B'fjdl=B"27r =p,I ' \
£ *
I , Ir?
=t =y ,
7R R L

: Ir?
B''27r = p, el . *

Il

Nhu vay: B

|

~
~
=
~

v

A

_ =
27 R (6-24)
H=—— Hinh 6-8

Vidu 2. Tinh tit truong ciia mot éng ddy hinh xuyén (16réit)

Do tinh chi't d&i xing nén dudng stc tir 1a nhitng dudng tron dong taim.
Gi4 tri clia véc td cdm Ung tir B tai moi di€m trén mdt dudng sic tir 1a nhu
nhau. Ta hidy chon dudng cong 14y tich phAn ~ trang v6i mot dudng sifc tif ¢
ban kinh r xuyén qua moi vong day (R;< r < R;) (hinh 6-9).

Luu s6 clia véc to B trén dudng 14 :
[1Bdl = Bifjdl=B-27r =u,NI
7 7

B- ZO—NI (6-25)
r

Trong d6: N — s6 vong day quan clia toroit.

Do khodng cdch r t§i tim vong xuyén la
khdc nhau, nén do 16n ciia vdm dng ti¥ B trong
16i 12 khong déu theo phuong ban kinh. Tir (5-25)
ta thiy ring cdm ng tir ¢6 gid tri cuc dai & mép
trong cling clia vong xuyén &ng véi rpi, = Ry va
cdm Ung tl c6 gid tri gi4 tri nhé nhat & mép ngoai
cling cia vong xuyén, tng véi ry. = Ro.
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Bmax :Bl = IUONI

2”R1 Bl — Bz _ Rz — Rl (6-26)
Bmin = BZ = IUONI Bl R2

27R,

Vidu 3. Tinh tir truong ciia éng ddy dién thdng (xélénéit) (hinh 6-10) .

6ng day dién thing dai c6 thé xem
nhu 12 mdt doan ctia 6ng diy hinh xuyén
trong trudng hop gidi han khi ting ban kinh
hinh xuyén 1én vd han : R;, R, —o0 khi d6
theo (6-26) ta c6:

Hinh 6-10

Bl _Bz

=0 = B, =8B,
1
TU trudng trong 10ng 6ng ddy dude xem nhu déu, va cé thé 4p dung két
qua (6-25) d€ tinh tir trudng:
HolNT
27r

B= = pgnl (6-27)

z N ~ N A A . N
Trong d6: n= Py sO vong trén mot don vi dai;
r

nl — s& ampevong/mét.
Trong thuc t&, nhitng 6ng diy c6 chiéu dai 16n hon mudi 1an dudng kinh
clia né c6 thé xem tir trudng trong 1ong dng 12 déu va c6 thé dp dung két qua
(6-27) @€ tinh.

§6.4. Tdc dung cua ti truong lén dong dién.
6.4.1. Tdc dung ciia tir truong lén mét phan tt dong dién

Theo dinh Iy Ampere luc tac dung cua
tr trudng ¢6 cidm dng t¥ B 1én mot phin t&
dong dién dugc xdc dinh bGi phuong trinh:
dF =1[dl-B]
—Po I6n: dF = IdIBsin(dL,B)
— Phuong vudng géc véi mit phing (dI,B);

— Chiéu: X4c dinh theo quy tic ban tay tréi:

Hinh 6-11

“Cho duong stic tix xuyén qua long ban tay,

Luu Thé Vinh
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chiéu tir cO tay tdi ngon tay la chiéu dong dién thi chiéu dodi ra ciia ngén cdi
chi chiéu tir lwc ” (hinh 6-11).

6.4.2. Tdc dung giita hai dong dién thdng song song, dai vo han.

Xét hai dong dién thing song song dai vo han, dit cich nhau mot
khodng d, c6 cac dong dién I, va I, chay qua (hinh 6-12).

Mbi dong dién tao ra xung quanh
mot tUr trudng va tic dung lyc tur 1€n
dong dién kia. Cam tng tir do dong dién I y Ly
I, giy ra tai di€m dit ctia mot phan ti
batky Ldl, c6 gia tri:

7 e
v

C6 phuong vudng gbéc v6i mat B,
phing chita hai dong dién, c6 chiéu xdc
dinh theo quy tic cin nit chai (xem d
hinh vé&). Edg chiu tdc dung tu lyc:

dF1 =1, [d_iz El]

Hinh 6-12

C6 do 16n:

dF, = Holiladhy (6-28)
2rd

Phuong cua dF1 vudng géc vbi Bi va dl, , tifc nim trong mit phang
chita hai dong dién va cé chiéu xdc dinh theo quy tic ban tay trdi. N€u dong
I, chay cing chiéu véi I, thi luc dF12 hudng vé& phia dong I; (bi hut), ngudc
lai n€u hai dong trai chiéu nhau thi dF1> s& hudng ra xa (bi diy).

Mot céch tuong tu, luc tdc dung clia dong I, 1én mot phin tir dong dién
I,dl, c6 gia tri:

dFy = I g (6-29)
27d

V& mit phuong chiéu: dFi» = —dF

Sau khi x4c dinh v& mit phuong chiéu ctia dF12 theo nhu trén ta di d&n
k&t ludn ring né€u hai dong dién I, va I, cling chiéu chiing sé& hiit nhau, ngugc
chiéu chiing s& diy nhau.

Tuong tic giita hai dong dién thang dai vd han dudc dung dé dinh nghia
don vi do cudng do dong dién: Ampe.

“Ampe la cuong dé ciia mot dong dién khéng doi theo thoi gian, khi
chay qua hai ddy ddn thdng, song song, dai vé han, cé tiét dién nhé khong
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ddng ké, ddt trong chdn khong cdch nhau 1 mét, thi gdy ra trén mdi mét dai
ciia mbi ddy ddn mot luc bing 2.107 Niuton .

Tur dinh nghia Ampe, ta c6 thé xdc dinh hiing s6 x4 nhu sau:

1.1
2107 = g - ——-1
Ho 2.1
Tur d6: 1y =4m.107" don vi SI

6.4.3. Mach dién kin trong tir truong déu.

Dit trong tif trudng déu B mot khung diy dan hinh chit nhit (a,b) c6
dong dién I chay qua, sao cho B L b. Gia st khung citng khong bi bi€n dang.
(hinh 6-13).

- ‘ ; ;.’
Al J

LE g | P g

— FmF X
> ,

| = A ?‘,

~-N

Hinh 6-13

Cac canh a s€ chiu cac luc : fa :I[Zz-ﬁ], V6i a=a.dl , trong d6 dl 1a
véc td hudng doc canh a theo chiéu dong dién. Chiéu ciia cic lyc f, c6 xu
huéng kéo dan khung.

Céc canh b nim vudng géc vdi tir trudng, nén mdi canh s& chiu tic
dung mot luc ¢6 do 16n:

f =1bB

Céc luc nay vudng géc v6i b va huéng nguge chiéu nhau tao thinh mot
ngiu luc, ¢é tic dung quay khung vé vi tri sao cho khung vudng géc véi tir
trudng. Ngau luc M c6 do 16n:

M = fa.sina = IBab sina = IBS sina
M = P.B sinc .

Vé6i P, =IS — mOémen tir cia khung.

bé y dén phuong chiéu clia M & P ta c6 thé viet:

M = [ﬁm -E] (6-30)

Luu Thé Vinh
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Momen ngiu Iyc M c6 xu huéng quay khung sao cho véc td momen tir
clia khung P, vé tring véi phudng clia tif trudng B.
— Né&u P TT B, a=0—ta c6 vi tri cin bing bén;

— N&u P, ™ B, a=7—Ta c¢6 vi trf can bing khong bén.

K&t qua trén ding v6i mot khung diy kin, phang, c6 hinh dang bat ky.
That vay, ta hdy chia nho khung thanh cdc dai hinh chir nhit nhd, sao cho
dong chay trén cdc khung d6 cling chiéu v6i vong ddy. Cac dong dién clia cdc
khung day & phia trong sé& triét tiéu 1An nhau tirng d6i mot (hinh 6-14) vi chiing
chay ngudc chiéu nhau. Trén mdi “khung” hinh chit nhit s& chiu tdc dung clia
mdt mdmen ngau lyc:

My = IBSy sina
Trong d6 Sy — dién tich clia khung thit /v

—>
k. Do hudng clia cic mOmen M, la tring I " «— N
nhau nén mdmen toan phan tic dung 1én [ : '\]
vong day s€ la: \ — %
4_
M = IBsina 28, = IBS sina N > 7
Trong d6 %S, = S — dién tich toan phin
ctia vong day. T do: Hinh 6-14

W = [P B]

6.4.4. Mach dién kin trong tir truong khong déu

Xét mot vong diy din kin, phang c¢6 dong I chay qua dit trong mot it
trudng khong déu B. Mbi phin tif cda vong day chiu tic dung clia mot luc
dF vudng goc v4i vong day va vdi tr trudng B. Nhung do cidc duong suc tur
B la khong déu, nén cic lyc dF s& lap mot géc khdc 0 v6i mit phing vong
day. Ta hdy phan tich dF ra hai thanh phan:

dF =dF, +dF,

Céc thanh phan dF, song song v&i mit phing khung cé tic dung kéo
dan khung néu (P, T1 B) va nén khung néu (P TN B).

Céc thanh phan dF, vudng géc véi mit phang khung, hop lai thanh luc
tdng hgp Fn c6 tac dung dich chuyén khung trong tl trudng (hinh 6-15). Néu
P.™B khung bi hiit vé phia tir trudng manh. Ngudc lai, néu P, B
khung bi ddy vé phia tir trudng yéu.
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Hinh 6-15

Ta co:

7
\ ,, 0B . OB o

Vé do I6ncualuc: F, :PMa—, véi Pl gradien tUr trudng theo

n n
phuong phdp tuyén n. Nhu vy ta c6 thé viét dusi dang véc to:
F = gmd[ﬁm -E] (6-31)

— Ung dung. K&t qua nghién citu trén gitip ta gidi thich dugc tai sao mot nam
chAm hay mot cudn diy c6 dong dién chay qua hit dugc cdc mat sit. Duéi tac
dung cla tr trudng cila nam chAm cdc mat st bi tir hda, bi€n thanh cdc nam
chAm nhd, c6 mémen tir xdc dinh, va chiing bi hiit vé phia nam chidm ndi c6 tir
trudng manbh.

Luc tic dung clia tir trudng 1én dong dién dudc tng dung nhiéu trong k§
thuat do ludng va trong k¥ thuit dién dé ché tao mdy dién.
§6.5. Cong cua luc tir.
6.5.1. Cong cuia luc tix khi di chuyén mét phdn tit dong dién

Dong dién dit trong tr trudng s€ chiu tac dung cla luc tir F= I[df- E]
Khi dong dién dich chuyén Iyc tir s& sinh cong.

Xét moOt mach di€n kin dit trong tor trudng (hinh 6-16). Mach c6 mot
phin MN c6 thé trugt dugc trén 2 canh kia. Poan mach MN chiu tic dung cua
tur luc: F=1I[B.

Luu Thé Vinh
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Phuong va chiéu clia lvc xdc dinh nhu trén hinh vé 5-16 theo quy tic
ban tay trdi. Dudi tic dung cda tif lyc F, gid st doan MN di chuyén mot
doan dx tir vi tri © sang vi tri @. Cong thuc hién trong di chuyén dé sé& 1a:

dA = Fdx = 1lBdx=1BdS=1d®
Trong d6 dS 1a phan dién tich ma

doan ddy MN quét dugc trong qud trinh M dx
di chuyén, d@ 1a tir thong gltri qua phan 0 o
dién tich dS. 1
¢ — B —
Néu tr trudng khong vudng gbc B F
. 2 ° N , 2 Y
v6i mit phang cua mach di€n, ta c6 thé Q‘
phan tich B ra hai thanh phin: B, N~
vuong gbéc v6i mach va B: song son
4 & 8 . . & Hinh 6-16
vGi mach:
B=Bu+B:.

Luc tic dung ludn vudng géc véi tir trudng, nén luc do thanh phian song
song B; giy ra vudng géc vdi dich chuyén dx nén cong cia né bing khong.
Cong clia lyc tir 12 cdng do thanh phan vudng géc B, giy ra, do vay:

dA = 1B,dS=1d® (6-32)
Trong d6 B, dS = d@®1a tit thong do doan MN quét dugc khi di chuyén.
N&u MN di chuyén mot quing dudng hitu han tir vi trf © sang vi tri @ thi cong
cua luc tir sé 1a:

2 2
A:jdA:de@:I(qnz—@l):mq) (6-33)
1 1

6.5.2. Mach dién kin di chuyén trong 1t truong.

Xét mot mach dién kin di chuyén trong tir trudng, gid s tr trudng
huéng vudng géc véi mit phing ctia mach (hinh 6-17).

Poan mach abc chiu tic dung luc F, tao v6i phuong dich chuyén mot
gbc ay > /2 nén cong clia lyc sinh ra ¢6 ddu Am. Cong nay c6 gid tri bang
cudng do dong dién chay trong mach, nhan véi tir thong do phan mach nay
quét trong qué trinh di chuyén, tic 1a:

A] = -1 (CD] + CDO) (6-34)
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Poan mach cda chiu tic dung ciia tir luc F, tao vdi huéng dich chuyén
mdt géc nhon, nén cong sinh ra ¢6 ddu duong. Cong nay c6 gid tri bing cudng
dd dong dién chay trong mach, nhian véi tir thong do phan mach nay quét
trong qué trinh di chuyén, tic 1a:

A= 1 ((I)() + (Dz) (6-35)

Cong toan phan khi di chuyén mach kin c6 gid tri:

A= A] + A2 = I(@z— CDl) = [AD (6-36)

K&t qua trén ding cho trudng hop mach kin di chuyén trong mot tir
trudng déu bat ky. Tir d6 ta c6 thé k&t ludn:

“Céng ciia luc tir khi di chuyén mot mach dién kin trong tit truong cé gid
tri bing tich sé giita cuong dé dong dién chay trong mach va do bién thién
ctia ti thong gui qua dién tich ciua mach kin.

d!

Hinh 6-17

6.5.3. Thé ndng ciia mach dién kin trong tir truong.

Mach di€n kin ddt trong tu trudng s€ c6 mdt ndng lugng xdc dinh, c6
gi4 tri bing cong d€ mang né vao trong tir trudng. Gid st ban dau, mach § vo
cuc, tr trudng noi dé biing khong nén tir thong giri qua mach 1a @, = 0. Khi §
trong tUr trudng, tr thong gui qua mach s€ la ®, = ®. Cong cua luc tir dua
mach vao tu trudng 1a:

A=I(D,— ®)=ID

Cong clia ngoai luc cAn thuc hién ¢ diu ngugc v6i cong cda lyc tir,

nén c6 gid tri la —I®. Cong nay bién thanh ning lugng W clia mach dién:

—_— —

W=—-1®=-1IBScos a=— PuB (6-37)

Luu Thé Vinh
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, Chuong 7.
CHUYEN PONG CUA PIEN TIiCH
TRONG PIEN TRUONG VA TU TRUONG

§7.1. T truong cia dién tich chuyén dong.
Dong dién phat sinh ra tir trudng, nhung dong dién 12 dong chuyén doi
c6 huéng clia cdc dién tich, do d6 dién tich chuyén dong sé sinh ra tir trudng.
Xét mot phan tir dong dién 1dl . Theo dinh ly Biot-Savart-Laplace thi tu
trudng nguyén t6 do né giy ra tai mot di€m xac dinh bdi ban kinh véc td rs&
la:

dB = Z‘_;.’[ii-r] (7-1)

Mitkhac: I=J.S
J =nyev, do dé:
Idl=npev.S.dl=N.ev
Trongd6: N =ny.Sdl=nyV — S6 dién tif chia trong thé tich V.

Tir d6: dB = 2‘70[ .Ne- [‘;'3”] (7-2)
b6 16n:

dB = i‘; .Ne- Vsri““ . (7-3)
Cam ng tir do mot hat gy ra sé la:

B = &e@ (7-4)

4 r
V& phuong va chiéu ciia B 1a phuong
chidu ctia tich véc td [v.r ] va phy thudc vao
dau cta dién tich e.

Chii ¥: K&t qué trén c6 dugc khi xét day
din ding yén véi ngudi quan st c6 dong
dién chay qua. Do d6 v 1a van t5c tuong doi
clia dién tich d6i véi ngudi quan sit. N6i
ciach khic d6 1a van t6c tuong ddi cta dién
tich trong hé quy chi€u ma ta do tir trudng.
K&t qud trén chi ding vdéi v << ¢ va r khong
16n. Trong trudng hop tdng quét ta phai xét
dén sy lan truyén cla séng dién tir.

Hinh 7-1
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§ 7.2. Tdc dung cua dién truong va ti truong lén dién tich chuyén dong.

Trong di€n trudng E dién tich chiu tdc dung ctia luc Coulomb:

F.=¢E (7-5)
Trong ti trudng B dién tich chiu tic dung cua luc Lozentx

Fr=e[v-B] (7-6)
Chiéu ctia Ivc Lozentx phu thudc vio ddu ctia dién tich e (hinh 7-2)

Néu dién tich chuyén dong trong khong gian ton tai ci dién trudng va
tor truong thi lyc tic dung I€n hat s€ 1a:

—_—

F =e{E+[v-B]) (7-7)
B B
Fi
X > — >
1% 1%
— / e>0 e<0
Fr
a) b)
Hinh 7-2

§7.3. Chuyén dong cua dién tich trong dién truong va tit truong.

Khi mot hat mang dién tich e chuyén dong trong khong gian, & dé ton
tai ca di€n trudng va tir trudng thi n6 s€ chiu tic dung cia ca luc dién va luc
ti, xdc dinh theo (7-7). Phuong trinh chuyén dong ctia hat s€ c6 dang:

& -
m7=6E+e[v-B] (7-8)
t

trong d6 m 12 khdi lugng cia hat, v 12 van toc cla hat.

Phuong trinh (7-8) c¢6 thé phin tich thanh 3 phuong trinh v huéng dién
td chuyén dong cda hat theo cdc truc toa dd tuong tng. Ta sé& xét mot sO
trudng hgp don gian sau day.

Luu Thé Vinh
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7.3.1. Chuyén dong ciia hat trong ti truong déu.

1. Truong hop v1 B. Khi mot hat mang di€n tich e bay vao ti trudng B véi
vantéc v sé chiu tdc dung ciia mot luc Lorentz:
F = e[V x B] (7-9)
Né&u hat bay vao tir trudng déu theo phuong vudng géc véi véc té cdm
tng tr B . Theo (7-9) luc Lorentz F sé& c6 gia tri:
F = evBsin90’ = ev B
Vi phuong cua luc F Iuon ludn Vuong gbc vGi phuong clia véc td van
t6c v va phuong cua tir trudng B,do d6 F sé& doéng vai tro tdc dung ctia mot

luc huéng tAm. Dudi tac dung cia luc F ., hat s& chuyén dong theo mot qui
dao tron c¢6 ban kinh r xac dinh nhu sau: (hinh 7-3).

= evB

V2
m —
r

Tir d6: r = (7-10)

Hinh 7-3
— Chu ky quay: T2 27 (7-11)
Vv e
. .B
m
— Tdn s6 goc ciia hat: @ = 27 _ °.B. (7-12)
T m

goi 12 tan s6 Xycldtron.
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Ta tha'y chu ky T va tin s6 géc o chi phu thudc vao cdm tng tir B va ty
s6 e/m — goi la dién tich riéng cla hat.
Tu (7-10) ta suy ra :
v
r B

Cong thic (7-13) cho ta cd s& d€ c6 thé do dién tich riéng clia electron
e/m bang thyc nghiém.
Trong thuc nghiém, chim electron dudc tao ra tir 6ng phéng electron.
C4c electron sau khi dudc bitc xa tr Katdt sé dugc gia toc bdi dién trudng
gifta Andt va Katot nhd gitta ching ¢6 mot mot hiéu dién thé gia toc U.
Pong ning cia electron thu dugc trong dién trudng 1a:
1

(7-13)

S‘m

Emvz =eU (7-14)
Tir d6 van tdc ma electron thu dudc sé& 1a:
vo= |2V (7-15)
m
Thay bi€u thic clia v vao (7-13) ta dudc :
e 2U (7-16)
m B?r?

Nhd cédc thi€t bi chuyén dung ta do dugc U, B. Ban kinh quy dao r dudc
quan st va do trén 6ng phéng electron. Thay cdc gid tri vao (7-16) ta tinh
dudc e/m .

1. Truong hop v tao véi B mot géc a # /2. (hinh 7-4)
Ta phan tich v thanh hai thanh
phin: v = v, + ;.

2,909,906
v, = vcosa Bn_?UUUUUUB’

v, =vsina d
Luc Lorentz tic dung Ié€n di€n tich |
dudc xac dinh theo phuong trinh: Hinh 7-4
F:e[vxg]ze[vn xE]+e[\7t><l§]
Thanh phan F, =elv, x B] = 0. Thanh phin F. =e[v, x B] c6 d6 16n

F, =evBsina lam cho hat chuyén dong theo quy dao tron.

—>

Do d6 chuyén dong ctia hat s& 13 tdng hop cda 2 chuyén dong:
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1— Chuyén ddng tron déu trong mit phang vudng géc véi tif trudng B, v6i
van tdc v, = v sina . Ban kinh qu§ dao, chu ky va tin s& xdc dinh theo cédc
bi€u thirc (7-10, 7-11 va 7-12) gidong nhu khi hat bay vao theo phudng vudng
goc vai ti truong.

2 — Chuyén dong déu theo quin tinh doc theo tir trudng B v6ivan toc v,
=V cosa.

K&t qud quy dao cia hat s& 1a mot dudng xuidn ¢ (hinh 7-4).
2rvecosa 1
¢ B

m

BudGc dudng xudn: A=v,.T= (7-17)

7.3.2. B4y tit — Hién tuong cuc quang.

Néu hat bay vao tir trudsng khong déu theo mot huéng tuy ¥, quy dao
clia hat s& kh4 phtc tap. Trong mot s6 trudng hgp khi tir trudng cé tinh chat
doi xitng s€ tao ra cdc hiéu ¢ng rat dic biét.

Hinh 7-5. Bdy tir

Trén hinh (7-5) 12 qu§ dao xodn &c¢ ctia mot dién tich duong trong mot
tir trudng khong déu. Cdc dudng stc thit hai bén nhu ¢d chai cho thiy tir
trudng & hai ddu manh hon & giita. N&u tir trudng & mot dau dd manh hat sé& bi
“phdn xa” & diu Ay. N&u hat bi phdn xa & ca hai diu ta n6i né bi by & trong
mot “chai tir”.

Nhu vay, n€u tir trudng c6 dang nhu hinh (7-5) s& tao ra mot “bdy ti’.
Khi dién tich rdi vao trong bay tif n6 sé khong thé thodt ra khdi bay.

Tir trudng cia Trdi Pt ching ta ciing c6 dang mdt cdi by tir khong 10.
Céc electron va proton bi biy trén ting cao khi quyén giira hai dia cuc Bic va
Nam tao nén vanh dai biic xa Van Allen. C4c hat ci chay di chay lai giita hai
diu cda “chai tir” trong vong vai gidy.
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Mdi khi ¢ su bung nd chia Mit Trdi, sé& ¢6 thém céc electrén va proton
niang lugng cao rdi vao vanh dai bic xa va hinh thanh mo6t dién trudng G noi
ma binh thudng electrdn van bi phdn xa. DPién trudng nay lam cho céc
electron khong bi phan xa nita ma bi ddy thing vao khi quyén, tai da'y ching
va cham véi cac phan tif, nguyén tf khi. Qud trinh i6n héa va lam phat quang
sinh ra “hién tuong cuc gnang” ky vi. Anh sdng cyc quang gidng nhu mot bic
rém sdng, treo tir 46 cao khodng 100 km rd xudng. Nguyén t¢ Oxy phét ra
4nh sang xanh luc, nguyén t& Nitd phdt ra mau hdng; nhung thudng cdc 4nh
sdng ndy md t6i mic ta cdm nhan nhw mot mau tring “ma qudi” .

Hién tugng cyc quang trai rOng thanh cung trén cao tao ra cdi goi la
“vong cuc quang”. Trén hinh (7-6) mo6 td hinh 4nh vOng cuc quang § Bic cuc
(Bidc Greenland). Pia cyc tir Bic tudng ng véi cuc tf Nam, cdc dudng stc
hoi tu vao theo chiéu thing ding. Cic electron tir bén ngoai khi di vao Trdi
DPat s& “bj bdy” va chuyén dong xoidn 6c quanh cdc dudng stc tif nay va di
vao khi quyén Trdi dat & cting vi dd phdt sinh ra cuc quang.

Dudng sic

Puing di cha éléctron ~ /W truding

Hinh 7-6. Hi¢n tugng “Cuc quang”

7.3.3. Su léch cua hat mang dién trong dién truong va ti truong.
1- Trong dién truong.

Xét chuyén dong ctia mdt hat mang dién (e>0) khi bay vao trong dién
trudng déu giita hai ban clia mot tu dién phiang, doc theo truc Ox véi van toc
ban ddu vo Luc dién trudng téc dung 1én hat1a F = e E. Phudng trinh chuyén

dong cua hat c6 dang:
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m® _ o E (7-18)
dt
Chi€u (7-18) 1én 2 truc toa dd Ox va Oy ta co:
dv,
ax = dt =
7-19
b, ok (7-19)
a = — =
Y dt m
Tich phan (7-19) ta c6:
v, =const=v,
eE (7-20)
v, =—t

Y om

K&t qua hat sé& tham gia dong thdi 2 chuyén dong:

_ Theo phuong Ox: hat chuyén
dong déu theo qudn tinh v6i van toc y
VO; -
— Theo phuong Oy: hat chuyén L 0#%’—’77:”1 ]
dong nhanh dan déu vé6i gia tdc 6:)0 k .
] + )
eE/m. ; :
, : 4 ) %
Quy dao chuyén ddng cta hat cé Hinh
mnn/s-

dang parabol (hinh 7-7).

Néu goi [, 1a chiéu dai cla
ban tu theo phuong Ox, thi thdi gian chuyén dong clia hat trong dién trudng sé
la:

Trong khodng thdi gian ¢, quing dudng chuyén dong clia hat theo
phuong Oy la:

Khi bay ra khéi tu dién, van toc clia hat la:
ek |

m v,

v, = at; =

Bit diu tir d6, hat chuyén dong thing déu theo phudng cla vin tdc
tdng hop, 1ap vdi truc Ox mot géc o x4c dinh bdi:
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tga = Yy _ ﬁ.ll_E (7-21)

2
X va

Né&u khodng cdch tir tu dién d€n man chin 1a [, thi sau khi bay ra khéi
tu, hat bi 1&ch theo phuong Oy mdt khoang y, nira:

e LLE
y2: o l‘ga:_—z
D6 1éch tdng cong clia hat 1a:
e L (1
y=y1+y2=—-E%(—ll+lzj (7-22)
m vy \2
Hay: y=tga (% I+ lzj (7-22,a)

K&t qua trén cho thiy, sau khi ra khdi tu dién hat chuyén dong thing
giong nhu né da xuit phat tir gitta tu dién, v6i phudng chuyén dong hop véi
truc Ox mot goc a.

2-Trong tw truong.

Bay gid xét sy léch cia hat khi bay vao mot tir trudng déu B theo

phuong vuong géc. Gid st hat c6 vin toc ban dau theo phuong Ox 1a VT). Tu

trudng tac dung trong khodng chiéu dai /; (hinh 7-8),
Lyc ti tdc dung 1€n hat :

—

F = e[V, x B]
Vi v, L B nén do 16n ctia tir Iuc la:
F=evB

Luyc nay tdc dung theo phuong Oy
va giy ra gia tdc cho hat :

F
a=—= < v, B .
m m + g -IQ-I‘ )
) + ter + :
Phan tich twong ty nhu khi : I
hat bay vao dién trudng, ta c6 dd ‘. e
1éch ctia hat trong tir truong la: .
Hinh 7-8
L (1 1
y:y1+y2:i-BL(—ll+lzj=tg,6’-(—ll+lzj (7-23)
m vy, \2 2

Trong d6 B 1a géc léch clia hat so véi phuong ban dau.
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7.3.4. Hiéu ving Hall.

Mot chiim electron trong chian khong c6 thé bi tir trudng 1am 1éch. Céc
electron trong vat din c6 dong dién ciing bi tf trudng lam 1éch. Nam 1879
Edwin H Hall, mét sinh vién cao hoc mdi 24 tudi tai trudng dai hoc Johns
Hopkins da tim ra hi€u &ng nay.

Khi dit mdt vat din c6 dong
dién chay qua trong mot tU trudng B/v
theo phuong vudng goéc v6i dong dién, | =
ngudi ta thdy gitta hai mit vat din ‘ : =
xudt hién mot thé hiéu. Hién tudng d LT
trén goi 12 hiéu ¢ng Hall, va th& hiéu —
goi 1a thé€ hiéu Hall (hinh 7-9).

Thuc nghiém cho thdy do 16n
cda thé hiéu Hall: U ~j, d, B

;\S)\\
|
Ve

U=RdjB (7-24)

Trong d6 R 1a hé s& ti 1&, phu thudc vao bdn chat clia vat din goi la
hiang s6 Hall.

— Gidi thich.

Hiéu tng Hall chinh 13 hé qua cda luc Lozentx. P& don gidn ta gia thiét
cdc hat mang dién trong vat din chuyén dong v6i van toc nhu nhau, bing van
toc trung binh ctia chuyén dong dinh hudng v.

Khi dit vat din trong tif trudng cdc hat mang dién sé chiu tdc dung clia
lyc Lozentx F=e[v-B] nén sé c6 thém chuyén dong phu theo phuong clia tir
lyc. Chiéu chuyén ddng phu thudc vio diu cia dién tich e. (hinh 7-10)

L+ + V- = =
" 17 T [ IF T
, é) é |
L2 T4 | FEE L
- = = A+ + 4
B B
a) b)
Hinh 7-10

K&t qua 1am cho mdt mit vat din tich dién duong, mit kia tich dién Am
va bén trong vat din xudt hién mot dién trudng E. Pién trudng nay tic dung




PIEN TU HOC - 115 -

luc dién eE 1én cdc dién tich ¢6 chiéu nguge v6i chiéu tir luc. Khi luc dién va
luc tir cAn bing trang thai cia hé sé dudc xdc lap: ‘ef‘ = ‘e [\7 : E] .

Hay: eE=evB
Tu do: E=vB
Thé hiéu Hall c6 gi4 tri:
UsE-d=vB-d=—B.d=_ 4B (7-25)
nye nye

K&t qud nay tring v6i cong thic thuc nghiém (7-24). Do d6 hing s
Hall ¢6 gia tri:
R=— (7-26)
ny e
—Ung dung. Hiéu tng Hall cho phép ta xdc dinh dudc ban chit clia cdc hat tai
dién trong vat din mang dién tich duong hay Am. X4c dinh dugc mat do dién
tich ny. C6 thé dung hi€u ung Hall dé do toc do hat tai dién. [j'ng dung héu
trng Hall trong viéc ch€ tao cdc cdm bi€n do tlr trudng B.

7.3.5. Mdy gia toc xyclotron.

Khi bay vao tir trudng theo phuong vudng géc hat s& chuyén dong theo
mot quy dao tron. Theo (7-11) thi chu k¥ quay cua hat khong phu thudc vao
van toc cia nd. Tinh chi't nay dugc 4p dung d€ tao nén nhitng mdy gia toc hat
goi 12 xyclétréon . May gia tdc hat dugc st dung dé tao ra nhitng hat c6 ning
lugng 16n dung trong nghién cttu hat nhan.

Nguyén 1y ciu tao clia xyclotron
dugc md ta nhu hinh 7-11. B0 phan chinh
clia né gém hai dién cuc dé gia toc hat lam
bing dong 14 c¢6 dang 13 hai ni¥a hinh tru
tron (goi la Duan hay cuc D). Hai dién cuc
dugc dat gitta 2 cyc cua mot nam chim
dién I6n c¢6 tr truong (B=1,5 T) hudng
vudng géc v6i bé mit dién cyc. Giita hai
dién cuc dit vao mot thé hiéu xoay chiéu
cao tan cd vai chuc kildvon do mot mdy
phdt xoay chiéu cung cAp. Hat can gia toc
dudc cung cip tir ngudn dit & gilta tam
cia Xyclotron.

Hinh 7-11
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Qu4 trinh gia tdc hat dudc thuyc hién nhi€u l1an lién ti€p. Gid st mot
proton dugc phong ra ¢ tim xyclotron. Hat dugc dién trudng giita 2 ban cuc
gia toc va bay vé phia bdn am. Khi bay vao khe cla dién cyc Am thi hat sé&
chiu tac dung cua tir tru6ng huéng theo phuong vudng géc nén quy dao cta
hat s& 12 mot dudng tron c6 ban kinh ti 1& vdi van toc clia hat tinh theo bi€u
thac (7-10): r = mv/eB .

Néu ta chon tin s& clia thé hiéu xoay chiéu dit vao bing tin sO
xyclotron (7-12) cia hat thi sau khi hat quay dugc nira vong tron dén khe hé
gitta hai cuc, ding lic thé hiéu d6i didu (sau mot ni¥a chu ky) va dat gia tri cuc
dai. Hat lai dugc gia toc bdi dién trudng gitta 2 khe va bay vao trong dién cuc
thtt 2 v6i van tdc 16n hon. Quy dao clia hat c6 ban kinh 16n hon tru6c, nhung
thdi gian chuyén dong ctia hat trong dién cyc vin khong thay ddi (bing nira
chu ky). Qu4 trinh cif ti€p ndi lién tuc nhi€u 1an, van tdc cla hat s& ting 1én
mai.

Goi U 1a th€ hiéu giita hai cuc, mdi 1an qua khe hat thu thém ning
lugng biing eU. N&u hat qua khe n 1an thi ning lugng cla hat s& 12 neU.

Ning luong cuc dai c6 thé cung cip cho hat phu thudc vao do 16n cla
cam wng tr B, vao ban kinh cuc dai r,, cia hat, tic ban kinh dién cuc R.
Theo (7-10) ta c6:

X

B

r =R = —m
e .

m

PoOng ndng cuc dai ma hat thu dugc la:
mvrznax B lez.

2 2m

Niang lugng cla hat tinhra eV sé la:
W= L2 B (ev) (7-27)
2m

Vi dy . Dung Xycldtron d€ gia toc hat proton. Cho biét ban kinh cuc D 1a
R=0,5m. Cam @ng tir cia nam chdm la B = IT. Tinh niang lugng cuc dai hat

thu dudgc.

R*B?

Ta c6, proton mang dién tich nguyén t& duong, c6 khoi lugng gdp 1837
1an electron, do dé:
1,6.107°C

€ _ o= =0,96.10° C/ kg
m  9,1.107".1837 kg

Theo (7-27) ta c6:
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w=L¢ B =1.00610°.0,5 1x12.10° eV = 12MeV .
2 m 2

Tuy nhién ta khong thé ct ti€p tuc mii qud trinh gia tdc. P& tao hat c6
ning lugng rit cao, may xiclotron binh thudng khong thé dip tng do khong
thé ting B va R 1én mii. Nguyén nhan 1 khi van tc clia hat ting 1én thi khoi
lugng cda hat ciing ting 1én do hiéu @ng tuong ddi tinh 1am cho ty s6 e/m
giam. Khi van toc cla hat dat gid tri di 16n thi tAn s6 xyclotron clia nd sé
gidm va mat dong bo véi hiéu dién thé€ cao tan ta dit vao. Qué trinh gia toc sé&
ngung lai.

P¢€ gidi quyé&t mau thudn nay ngudi ta ding bién phap diéu chinh tin s&
clia dién trudng gia tdc sao cho né ludn ludn phit hdp véi sur bién ddi cla ty s6
e/m cua hat (trong cdc may nhu xincr6-xyclotrdn hay phazotron). Trong may
xincrotron cho protdon ngudi ta diéu chinh cd tir trudng B va tan s6 clia dién
trudng gia toc. Biing cdch nhu vay cé thé thuc hién dudc:

0 Tan s6 cla proton ludn dong bd véi tan s6 cla trudng gia tdc.

0 Proton sé chay theo quy dao tron thay cho quy dao xodn dc.

Nhu vay thi ciu tric cida dién cuc s& c6 dang vong Ong tru thay cho
hinh tru va chi cin dit nam chim doc theo qu§ dao tron clia dng ma khong
phdi dit nam chdm trén toan bd dién tich bao bdi vong gia tdc (hinh 7-12).

Tuy nhién néu can ning lugng cao thi chiéu dai clia vong dng gia toc
ciing phai rit 16n. Trong mdy xincrotrdn diung cho protdn & phong thi nghiém
qudc t€ mang tén Fermilab dudng 6ng gia toc ¢ kich thudc 2 inch véi chu vi
tong cong t6i 4 dim (6,3km). Trén hinh 7-13 13 4nh chup toan cdnh tir trén
khong vong tir cia Fermilab va cdc tda nha ctia phong thi nghiém gin véi nd.
Proton phai thuc hién khodng 400000 vong dé cé ning lugng toan phin la 1
TeV (102eV).

Nhu ciu vé proton c6 ning lugng cao hon nita trong nghién citu vat ly
niang lugng cao. Trén hinh 7-14 cho thay hinh d4nh vong tir ciia Fermilab (vong
nhd) va vong tlr clia mdy gia tdc tai trung tAm nghién cfu hat nhan chiau Au
CERN (vong to hon ngay bén canh). Vong 16n nhit Ia clia may siéu va cham
siéu din (SSC) c6 thé duge xay dung & Texas, n6 sé cho phép tao ra qua trinh
va cham prdton — phan proton & ning lugng 20TeV. Vong tir — chu vi ¢§ 52
dim
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Hinh 7-12. Quang cdnh doc theo duong hdm ciia Xincrétron dé gia toc proton &
Fermilab. Chu vi duong ham dai 6,3 km.

Hinh 7-13. Fermilab nhin tit trén khong

."F

Hinh 7-14.

Vong tron lon nhdt la ciia mdy siéu va cham siéu dan (SSC) dang chudn bi xdy dung
vé deé lén dnh thanh phé Washington chup tit vé tinh. Vong trung gian & giita la ciia mdy
gia toc tai CERN Thuy si. Vong nhd nhdt la ciia mdy gia toc tai Fermilab.
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7.3.6. Xdc dinh dién tich riéng ciia cdc dién tich, khéi phd ky.

1) Xdc dinh dién tich riéng cua tia dm cuc.

Nim 1897 J. J. Thomson bing thuc nghiém do ty s6 e/m cia cdc hat
trong chim tia Am cyc di xdc dinh dugc bdn chat cia tia Am cuc chinh 12
chim cic electrén chuyén dong. Trén hinh (7-15) md td mot dang hién dai
cua thi€t bi thi nghiém ma J. Thomson da thyc hién. Cac electron sau khi bitc
xa nhiét tir Kat6t dugc gia toc bing th€ hiéu V va hoi tu qua man chin C sé&
bay vao mot viing khdng gian c6 ca dién trudng va tir trudng tic dung theo hai
phuong vudng gbc v6i nhau (goi 1a cdc trudng bdt chéo), sau d6 dap vao man
huynh quang.

V6 thily tinh

:||le/|}

Hinh 7-15. Mét dang hién dai ciia thiét bi J. Thomson
diing dé do ty s6 e/m ciia hat

Tir hinh vé ta thiy ring bat luAn hat mang dién diu gi thi dién trudng
va tif trudng déu lam né 1&ch theo hai chiéu ngugc nhau. C4c thi nghiém cla
Thomson thuc hi€én cac budc sau:

1- Cho E=0, B=0 ghi lai vi tri v&t sdng trén man huynh quang.

2- Cho dién trudng E tic dung, do do 1éch clia v&t sing.

3- Gilf nguyén dién trudng E, cho tir trudng B tdc dung. Piéu chinh tir
trudng sao cho vét sing lai trd vé vi tri ban dau.

Quan sit chiéu 1&ch ctia dién tich & budc thit 2 ta bi€t dugc dau cda hat
chuyén dong. PE€ xdc dinh vén tdc clia hat, tir budc thd 3 ta thd'y mudn dé€ hat
khong bi 1éch tic dung cia dién trudng 1én hat 1a eE phéi cin bing véi tic
dung cta tir trudng evB , tic la:

el = evB
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E
Tu do: V= — (7-28)
B
Bay gid chi can cho dién trudng E, hodc tir trudng B tic dung riéng biét
va quan sdt do 1éch ctia chiim tia. Po g6c 1éch cia chim tia va tinh ty s& e/m
theo cac cong thuc (7-21) hodc (7-23).

Tu ty sO e/m Thomson da xdc dinh dugc bdn chit cla tia Am cuc chinh
12 dong cic electron chuyén dong.

1) Xdc dinh dién tich riéng cua Ion.

‘)

e

P& xdc dinh dién tich riéng cla cac xl . (77),

10n no1 chung, ndm 1907 J. Thomson da
dé xuat phuong phap parabol nhu sau:

Cho chiim i6n bay qua mot khu vuc
c6 chiéu dai [, trong d6 c6 ca dién trudng
va tUr trudng tic dung theo cung mot
huéng song song song vd&i nhau, sau do
chuyén dong ty do trén mot quang dudng
l,. Cac véc td dién trudng va tur trudng
song song v4&i nhau va vudng goc véi
phuong cia chim i6n (hinh 7-16). Gid st Hinh 7-16
chum tia chay doc theo truc Oz, cic véc
td E va B huéng theo phuong Ox. Theo k&t qua (7-22) va (7-23) néu v 1a van
tdc clia hat, va gid st hat 12 i6n duong thi duéi tdc dung cia dién trudng hat bi
1€ch theo phuong truc Ox mdt doan:

e I (1
X:;'E'?(Ell-Flzj (7-29)
Tu trudng 1am hat I€ch theo phuong Oy mot doan:
[
y:i.B.L(lll+l2j (7-29,2)
m v 2

Céc bi€u thitc (7-29) 1a toa dd trén mit phiang vudng géc vdi truc Oz
ctia nhirng hat c6 e/m va v xdc dinh . Khtt v tir (7-29) ta dugc phuong trinh quy
dao clia cdc idn cung gia tri e/m 12 mot dudng parabol.
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x= E LS (7-30)

I, Bz(;lﬁlz) ¢

Né&u ta dit mot kinh 4nh d€ hitng vé&t cla chum tia, thi trén kinh dnh
nhitng i6n ¢6 ty s& e/m khac nhau ndm trén nhitng parabol khdc nhau. Biét cdc
thong s6 clia thi nghiém (I, [, E, B) ta ¢6 thé xdc dinh dudc ty s e/m.

Duya trén cd s clia phuong phap trén Axton da ché tao ra khdi pho ky
dé xdc dinh dién tich riéng clia hat. SO dd nguyén tic cta khdi phd ky cho
trén hinh (7-17).

(

£) (%),

Hinh 7-17. Khéi phé’ ky

Céc i6n dugc phéng qua nhitng khe hep d€ tao ra chim tia manh, sau
dé 1an ludt cho di qua mot dién trudng va tir trudng dudc bd tri sao cho tic
dung lam 1éch ctia ching theo hai huéng ngugc nhau. Khi qua dién trudng hat
¢ cling e/m bi 1éch cang nhiéu néu van toc clda né cang nhd. Nhu vay sau khi
ra khdi dién trudng chiim tia bi phan ky thanh nhi€u dii theo van toc. Khi bay
vao tif trudng quy dao cda idn bi cong cang nhiéu néu van tdc clia né cang
nhd. K&t qua sau khi ra khdi tir trudng, cdc i6n cung loai s& hdi tu tai mot
di€m. cdc i6n khac loai sé& hdi tu tai nhitng di€ém khac nhau. Dung kinh 4dnh dé
hitng 4nh clia cdc vEt tuong ng vdi cdc idn c6 e/m khac nhau.

Nh& khdi phd ky ta c6 thé xdc dinh mot cach chinh xdc dién tich riéng
cta cdc ion.

Luu Thé Vinh
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Chuong 8.
TU TRUONG TRONG VAT CHAT

§8.1. Sir tit héa cdc chdt — Phdn loai tir méi.
8.1.1. Su tir hda cdc chdt.

Mbi dong dién ludn sinh ra xung quanh né mot tir trudng. Gid tri clia tir
trudng trong chin khong khic véi tir trudng trong moi trudng vat chat. Piéu
d6 dugc 1y gidi 1a ban thin modi truGng da bi tir hdéa va ban thadn nd cling sinh
ra mot tu trudng phu B'. Két qui tr trudng tong cong sé& khac trong chin
khong. Cac chat cé khad ning tir héa dudc goi la tir moi (hay vat liu t).

Theo Ampere, tu truGng phu B' 1a do céc dong dién phdn tir khép kin
trong pham vi ti‘ng phan t (nguyén tl) gy ra. Mdi dong dién phdn tit ¢6 modt
moOmen tu ri€ng Ei. Binh thudng do chuyén ddng nhiét nén ching dinh
huéng hdn loan khong c¢é phudng uu tién, do dé tir trudng tong theo mot
phuong nao do6 13 bing khong. Khi dit trong tir trudng ngoai, cic momen ti
phin tif dugc dinh huéng vu tién theo phudng cia tir trudng. K&t qua tr trudng
tong theo phuong trudng ngoai khdc khdng. Tir moi da bi tir hoa.

8.1.2. Véc to tw hoa.

Khi bi tir héa cic mOmen tUr riéng cla cac dong dién phdn tir dugc dinh
huéng theo phuong cuia tir trung. Cudng do tUr trudng cang manh thi nhitng
dong dién phan ti dugc dinh huéng cang manh. Do d6 tong cic mdomen tir
phan tif trong mot don vi thé tich tir mdi cang 16n. Vi viy d€ dic trung cho
muc do ti hda to modi ngudi ta dua vao khdi niém véc to to héa. N6 c6 gia tri
bing tdng momen tir trong mot don vi thé tich.

N
S P
J = =1
%
Trong d6 N — s6 phan tif (nguyén ti¥) trong thé tich V

(8-1)

Pni— mOmen tif clia nguyén ti thy i.
Né&u vat bi tir héa khong déu thi ta xét véc to tif hda tai mdi di€m cila
moi trudng bing cdch xét gidi han cia (8-1).

N

_ 1 _

J =lm |— Pni 8-1,a
v ?:1 ( )

V-0

Né&u su tir héa 1a déu, tir mdi 1a dong chi't thi:
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— R

J =y, H (8-2)
Z,, —d0 tit hda tr moi, ¢6 gia tri phy thudc vao ban chat cia tir moi.

8.1.3. Tw truong trong tit moi.

Khi bi tir hda tir trudng trong tif moi s& 12 chdng chi't clia tir trudng B—O
V4l tUr trudng B' :

B = B + B, (8-3)
D& tieén viéc khdo sét, trong tir moi ngoai véc t6 cdm dng tf B ngudi

ta thudng st dung véc td cudng do tir trudng H , dudc xdc dinh bdi:
. B  —
H=—-1J] (8-4)

Ho
Trong chan khong J =0 nénta c6:

H =" =H,
Ho
T (8-2) va (8-4) ta c6:
-2 _ , &
Hy
Tir do: H = B B (8-5)

K +Diy 1 14y
Trong d6: u = y, +1 —dd tit thAim cla moi trudng. Gid tri clia u cho
bi€t tir trudng trong tif mdi nhd hon tir trudng trong chan khdng bao nhiéu lan.
Nhu vay, cin ctf vao g, hoic do tir thim u ta c6 thé chia tir mdi ra lam
3 loai sau:
“N&u g, >0 u>1, BT B, va IB'I<IB, | — tit mdi la cht thuan tir .
“N&u g, <0 u<l, B"N B, va IB'I< B, | —tit mdila chit nghich tir.
_N&u g >> 1> u>>1, B ™M B, va [B'I>>1B, | — tir mdi la chat st tir.
Cong thie (8-5) thudng dugc st dung dudi dang:
B = pupuyH = u H (8-6)
Tur (8-6) ta thdy, trong moi trudng ddng chat va ding hudng thi hai véc
td B va H cung phuong, cling chiéu.

§8.2. Cdc dinh ludt co ban cua tit mai.
8.2.1. Pinh Iy Oxtrogratxki — Gauss.

Luu Thé Vinh
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Ta bi€t ring, cdc dudng sitc tif trong chan khong 1a nhitng dudng khép
kin. Trong tif mdi, tif trudng tdng hgp 1a chdng cht cla tir trudng B, va tlf
truéGng phu B' , do d6 cdc duong sdc tir cling phai la nhitng dudng khép kin.
Nhu vay tir thong giti qua mdt mit kin bat ky ludn ludn bing khong.

B-dS =0 (8-7)
S

PAay chinh 12 bi€u thic ciia dinh Iy O-G cho tir moi. K&t qud nay mot

1an nita cho thdy trong tuy nhién khong tdn tai “tir tich”.

8.2.2. Pinh Iy dong toan phdn.

Trong chan khong ta ¢ luu s& cia véc t6 cam dng tif theo mot dudng
cong kin bat ky c6 gi4 tri bing:

[ﬁﬁd? = ,uOZIk
» k

trong do Zl . 12 tdng dai s6 cdc dong dién xuyén qua dién tich gidi han béi
k

dudng cong kin do6.
Trong tir moi , dinh 1y vé Ivu s6 clia véc to B sé& c6 dang:
mgd_i = :uO(ZIk tu do +Zliphdnn?) (8_8)
% k=1 i=1

12 tong dai s6 cdc dong dién phan t& bao 14y dudng cong

i phédn tit

trong d6 > 1
i=1

kin . Gid s ta 1y luu thong trén mdt doan vi phan dl trén dudng cong ¥,
chiéu 14y Iuu thong hgp v6i véc td tirhéa J modt géc o (hinh 8-1).

Eaaitte I P (S S

Hinh 8-1

Trén hinh 8 -1 cho thay ring s6 dong dién bao quanh dI bing tat cd cdc
dong dién phan t& ¢6 tAm ndm trong hinh tru c6 truc trung véi dl, ¢6 ddy S
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bing dién tich cia mot dong dién phan ti.
1. =nl'Sdlcosa = nP,dlcosa = J-dl (8-9)
phan ti mi
(bao quanh dl)
trong d6 n 1a mat d6 phan t& tr moi. I’ 1a cudng dd cua mdt dong dién phan
tr. Nhu vay, tong cdc dong dién phin tif bao quanh toan bo dudng cong kin ¥
s€ la:

DL ppinae = [} -l (8-10)
i=1 7
Thay (8-10) vao (8-8) ta co:
mECﬁ = 4y (D Ay wea +m7d—l)
% k=1 %
Hoic ta bi€n d6i dusi dang:

B ) =
Uj{——]} =2 1w
» | Ho k=1

B -

— —J = H néntaco:

Ho

Ma

fiH -di = anlk e (8-11)
% k=1

Nhu vy, trong tif moi ciing nhu trong chan khong luu s6 clia véc to H
chi phu thudc vao dong tu do ma khdng phu thudc vao cac dong dié€n phan tir.
Do vay khi gidi cdc bai todn trong tir moi, viéc st dung véc td H lam cho bai
todan tré nén don gidn hon.

8.2.3. Diéu kién bién ciia cdc véc to B va H .

Khi di qua mit phan cdch clia hai mé6i trudng cdc dudng sic tir ciing
gidéng nhu cdc dudng stc dién trudng sé bi khic xa (H. 8-2). Ap dung cdc dinh
ly O-G va dinh 1y dong toan phan ta tim dugc quy lut thay d6i cla cdc thanh
phan phdp tuyén va ti€p tuyén clia cdc véc td B va H nhu sau:

B

B, = B, ; = (8-12, a)
B,, H
H

H, =H,; —» = (8-12,b)
H,, H
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A H;, % H,
Cac diéu kién (8-12) ludn dugc
thuc hién trén mdt ngdn cich hai moi 2%
trudng va dudc goi 12 cdc diéu kién n
bién cla cdc véc td B va H . Tir cic - : >5H2’
diéu kién d6 c6 thé rit ra dinh luat khic yn Hi, o H,
xa cho dudng stc tir nhu sau: >
By _ H (8-13) Hi
ga Hinh 8-2

88.3. Giai thich su tw héa tiu moi.
8.3.1. Bdn chdt ciia nhitng dong dién phan tit.

D€ gidi thich sy tir héa ta da dua vio gid thuyét Ampere vé cidc dong
dién phan t. Ban chit clia cdc dong dién phdan tit nay la gi?

Ta biét riing trong nguyén t, cic electron chuyén dong quanh hat nhan
theo cdc quy dao khdc nhau. D€ gidi thich nhi€u hién tugng dién tir ta c6 thé
coi mot cdch gin ding ring cic electron chuyén dong quanh hat nhin theo
nhitng quy dao tron hay elip. Chuyén dong clia chiing tuong dudng nhu nhitng
dong di€n kin c6 mdmen tif xac dinh.

Gi4 st ring electron chuyén dong quanh hat nhian theo mdt quy dao
tron ban kinh 7 (hinh 8-3). Goi v va v 13 van toc va tan sd quay cla hat trén
quy dao, ta co:

%
V= — 8-14
27r ( )
Dong dién do chuyén dong cla +
electron sinh ra c¢6 chi€u ngugc véi chiéu B
quay cua hat va cé cudng do: v _
e
[ =ev =" (8-15) G%
27r
Né&u goi S = r” 1a dién tich ctia dong .
v P

dién tron thi mOmen tu quy dao E dac

trung cho tac dung tir ciia dong dién nay la:
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- . ey 2 —
P =18Sn=——"7r-n
2rr

—_

P = %evr-; (8-16)

m

Trong do n 1a vécto phdp tuyén don vi clia mit S.
Miit khdc vi electron ¢6 khdi lugng nén khi quay hat nhan né con cé
momen dong lugng quy dao L.
L=1[r -mv] (8-17)
Véctd L vudng géc véi mit phang quy dao clia electron, ¢ chiéu sao
cho chiéu quay ctia electron 12 chiéu thuian xung quanh né. Nhu vdy, hai véc
t6 L va P, ngugc chidu nhau. Ta c6 thé viét:

—_—

L =—-mvr-n (8-18)
Lap ty s0 giita P, va L ta c6:

P 1 e
—m _ _ - C 8-19
v 3 > m (8-19)

Ty s& y dugc goi 1a hé sé tix co (hay hé s6 tir hdi chuyén) clia electron.
Cong thitc (8-19) ding cho cd quy dao elip, trong d6 ty sd e/m chinh 1a dién
tich riéng ctia electron c6 gid tri 1,76.10"" C/kg. DA trir do electron mang dién
tich &m va cho bi€t hai véc t6 P, vd L ngudc chi¢u nhau.
Theo cd hoc lugng ti¥, electron trong nguyén ti chi chuyén dong theo
nhitng quy dao dirng nha't dinh véi mdmen dong lugng bing:
h
L =n— =nh. (8-20)
2
Trong d6 n 1a nhitng s6 nguyén (1,2,3,.... ), con h = 6,625.107* J.s 1a
hiing s& Planck. Nhu vdy mdmen tif nguyén ti chi c¢6 thé bing mot boi s
nguyén lan momen tif nguyén td:
P, =yL =nyh
Véin=1 taco:

e h _1,6.107"7.6,625.107"

> = : - = 0,927.102J/T (8-21)
2m 27« 2,9.1.107" 27
Gi4 tri nay goi la manhétd Bo, ky hiéu w5 :
y = e 0927107 It (8-22)
2m
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Manhété Bo la mémen tir nguyén t6 itng véi chuyén dong ciia electrén
theo quy dao gan hat nhdn nhdt ciia nguyén tit don gidn nhdt la Hydro.

Thuc nghiém va 1y thuy€t ching td ring ngoai momen tir quy dao va
momen dong lugng quy dao, electron con c6 mdémen tur ri€ng ES va momen
dong lugng riéng z (goi 1a spin ctla electron). Theo cd hoc lugng ti, ty s6
gitta P, va L; c6 gia tri:

=m o= = =) 8-23
Vs 3 - /4 (8-23)

Ngoai mOmen tif clia cdc electron, cdc hat cAu thanh hat nhan nguyén
tr 12 protdn va notrdon cling c6 mdmen tir. Tuy nhién gid tri clia chiing rat nhd
so v6i mOomen tir ciia cac electron. Do d6, khi xét momen tir cia mot nguyén
t ta xem nhu 12 mdmen tir tdng cong cla Z electron:

Z
P, =) (B +P,) (8-24)
i=1

E c6 thé dic trung cho mot dong dién tron khép kin. P6 chinh 13 dong
dién phan tf theo gid thi€t cia Ampere.

8.3.2. Hiéu ung nghich tw.

Chuyén dong clia electron xung quanh
hat nhan v61i mdmen dong lugng L giong
nhu chuyén dong ciia mot con quay. Do dé
khi c6 ngoai luc tic dong c6 thé phat sinh
hiéu tng ti€n dong.

Gid st mit phing quy dao chuyén
dong cua electron nim nghiéng so vdi
phuong cua tit trudng ngoai. Khi dé truc
chita ciac véc tg E va flap véi phuong clua
tu trudng B mot géc a#0.

Chuyén dong cta electrdn trén quy
dao tudng duong mot dong di€n tron co
momen tu:

. . Hinh 8-4
P =———.L
m

N |~
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Trong tu truGng B electron chiu tac dung cia mémen luc :
M =[P,-B]

Dudi tdc dung cia M mit phing quy dao cla electron s& bi chao di
chao lai, con céc véc to E va L s& ddo xung quanh xung quanh phuong cia
to trudng B nhung vin giit mdt géc nghiéng khong ddi . Qud trinh nay 1am
cho cédc véc to F”; va L vach thanh hai mit nén tron xoay c6 dinh O 1a gdc
clia cdc véc td va hai ddy vudng géc véi tir trudng B (hinh 8-4).

Theo dinh 1y vé mémen dong lugng, trong khodng thdi gian dt véc to L
s& nhan gia s6 dL = M dr. V& do 16n:

dL = P, Bsina dt

Trong thdi gian df mit phiang chia véc td L quay quanh B mot gbc:

dL _ P,Bsinadt P

46 =—"2 , “n g ar
Lsinax Lsina L
Tir d6 van tdc géc clia chuyén dong tién dong sé 1a:
P
Q, :d_‘g:_mB:iB:},B
dt L 2m
Néu xét ci phuong va chiéu clia cic véc td ta c6 thé viét:
Q, =yB (8-25)

Véc td van toc goe Q, duge goi 1a véc td van tdc gée Larmor (hay tin
s6 Larmor). Chuyén dong clia cdc véc td Fn; va L xung quanh tr trudng goi

12 chuyén dong tién dong Larmor.

—

Do chuyén dong ti€n dong Larmor clia nén 4+ B
giy ra chuyén dong phu cta electrdn xung quanh 9

huéng tur trudng. Vi véc to Q—L lu6n song song cung E r D
chiu v6i B ma electron mang dién ticb Am nén

chuyén dong phu nay twong duong mdt dong dién c6

" N A e T s ! Rt GEREYe
moémen tif phu ngudc chi€u v6i B (hinh 8-5).
Yy —|—
Gia st rang r’ 1a khodng cach trung binh ti F,
electrdn dén truc quay la khong ddi. Chuyén dong M B
ti€n dong clia electron xdy ra theo chiéu thuin xung
Hinh 8-5

quanh B (dudng tron khong cé gach chéo) s€ tuong
duong mot dong dién tron I’:
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['=e L (8-26)

Dong I’ c6 mOmen tu phu P,;l ngudc chiéu vdi B (dudng tron c6 gach
chéo), c6 gia tri:
: Q
P =1S=¢e—L.gr” (8-27)
2

P goila momen tir cAm tng.

Nhu vay, dudi tic dung clia trudng ngoai, tt cd cdc electron trong
nguyén tif déu tham gia chuyén dong ti€n dong vdi tin sd Larmor nhu nhau.
lam phat sinh cdc dong dién phu c6 mémen tif cdm ¥ng ngugc v6i huéng
trudng ngoai. Vé mit toan bo, nguyén t khi dit trong trudng ngodi c6 mot
momen t phu la:

Y (8-28)

DAy 1a hiéu ving nghich tir chung cho moi chat.

8.3.2. Gidi thich su tw héa ciia chdt nghich tir.

Nghich tir 1a nhitng chit c6 mdémen tif nguyén tt bing khong, titc 1a
theo (8-24) tdng momen tif quy dao vi mdmen tif riéng 13 bing khong:
VA
Py =) (By+P,) =0 (8-29)
i=1

C4c chat nghich tir trong thyc t€ nhu cdc khi hi€m (He, Ne, Ar, Xe, Rn)
hoiic cdcidn (Na*, CI') c6 cédc 16p electron gidng nhu khi hi€m.

Khi dit trong tir trudng ngoai, do hiéu &ng nghich tir, nguyén t& ¢6 mot
mdmen tf phu ludn ngudc huéng vdi trudng ngoai. K&t qua toan bo khdi tir
moi c6 mdt momen tir tdng cong khic khong va ngugc hudng vé6i trudng
ngoai.

Z E—
P, =) Py #0 (8-30)
i=1

Tinh chat nghich tir cling thé hién cd & nhitng chit ma c6 mdmen tir
nguyén tif (hay phan tit ) khac khong. Tuy nhién hiéu ¢ng nghich tir chi€m wu
th& hon so v6i hiéu ng thuin tir. Cac chat nhu Cu, Ag, Sb, Bi, Pb, Zn, Si, Ge,
S, CO,, H,O, thiy tinh vd da s& cdc hdp chit hitu cd ciing 1a nhitng chit
nghich tur.
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8.3.2. Gidi thich su tir héa ciia chdt thudn tir.

Thuan ti phdi 12 nhitng chi't c6 mdémen tir nguyén tf khac khong. Khi
chua cé trudng ngoai, do chuyén dong nhiét nén cic mdmen tif nguyén ti sip
x&p hoan toan hdn loan, khdng c6 phuong uu tién. K&t qui tdng momen tir
theo mdt phuong ndo do 1a bing khong.

Khi trudng ngoai tdc dung, cic mémen tUr nguyén t& s€ c6 su dinh
huéng uu tién theo phuong tir trudng. Do d6 tdng mdmen tif theo phuong clia
tor truong 1a khac khong. B6 1a hi€u ¢ng thuan tu.

Cung v6i hiéu ng thuin tir thi moi nguyén tit déu c6 hiéu tng nghich
tlr, nghia 12 toan bd vat van tdn tai mot mémen tif cdAm ¥ng ngudc chiéu tir
trudng ngoai. Tuy nhién hiéu ng thuAn manh hon hiéu @ng nghich, do dé vé
mit toan bd tdng hdp hai hiéu tng thi tif trudng phu B' trong tu moi la cung
chiéu véi tir trudng ngoai.

Céc kim loai kiém (Na, K, v.v...), NO, Al, PI, O, N, &bonit, cic nguyén
t0 dat hi€m 12 nhitng ch't thuin ti.

§8.4. Chdt sdt tiv.

Cung vdi thuln tir va nghich tif con c6 mot s6 chdt c6 khd ning tir hda
rdt manh. Do tir thAm cla ching rdt 16n c6 thé dat t6i 10" + 10° . Ngoai dic
tinh tir héa manh chat sit tif con ¢c6 mdt s6 tinh chat dic biét sau:

8.4.1. Buong cong tw hoa.

Su phu thudc phi tuyé&n phifc tap ciia cdm ng tir B trong vat liéu sit tir
viao cdm wng tir B, clia tif trudng ngoai 13 dic di€m ndi bat clia chat sit tir.
Céc gia tri clia véc to tir héa J, dd tir thAm u va y déu ciing phu thudc mot
cich phiic tap vao By. Céc tinh chit nay 1in diu tién dudc Stdlétdp nghién
cttu . Cac dudng cong bi€u dién sy phu thudc cta B va J vao By dudc goi la
cdc dudng cong tir héa (hinh 8-6. a, b), con cdc dudng cong bi€u dién su phu
thudc clia 1 va y, vao By goila cdc dudng Stolétop (hinh 8-7).

Trén hinh v& (8-6) cho thdy cdm ng tir B ciing nhu J lic dau ting
nhanh theo By sau dé ting chim va d&n mdt giGi han nao d6 thi hau nhu
ching khong phu thudc vao By nita. Khi d6 chat sit tit x3y ra trang thdi bdo
hoa tir.
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Wi
B Fz
2
ain hép T
/ | L
7
L1 gang
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g 2 ¢ 6 8 g 12 14

=3 Wy
Mo, 107 2,

a)

Jmax

b)

Hinh 8-6

Trén hinh 8-7 12 sy phu thudc ctia cdc ham s6 u (By) va ym (Bo). Thoat
diu u va y, ting tr gid tri ban ddu t6i mot gid tri cuc dai, sau d6 gidm din
va u gidm tiém cin tGi gid tri don vi, con 7y, thi gidm dan t6i 0.

Pic di€m su phu thudc clia z vao
By cho thdy chi nén dung 15i sit tif trong
mot gidi han bi€n thién cda tr trudng.
Qud gidi han nay u s€ giam nhanh khi
to trudng By ting. Thuc nghi€ém cho
tha'y chi nén dung chat sit tir khi can ¢
tlr trudng nhd hon 2 Tesla, con néu can
tao tir trudng 16n hon nita thi thyc t&€
viéc dung 161 sdt tir cling v ich.

8.4.2. Tinh tir du (tir tré) .

Cac chat st tor déu ¢6 tinh tu du,
nghia 12 khi ngit tir trudng ngodi trong

M
30000
X
Yr
hON ™
10000 | /(max 1.000

92 04 06 48 10
u, 10 * 24

7~
Hinh 8-7

cha't sit tir vin con tir tinh. Bing thuc nghiém khi thay d6i tir trudng tir héa B,
ta c6 dd thi bi€u dién sy phu thudc cla tir trudng trong chit sit tir vio tir
trudng tir héa B = f(B,) x4y ra theo mot dudng cong kin goi 12 chu trinh tir tré
(hinh 8-8) . Trong d6 By 1a tur trudng khit tit, By 1a tir du.
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= Mo Hy

Hinh 8-8. Chu trinh tir tré
Tir @ thi ta thdy riing &ng véi mdt gid tri ndo d6 clia By c6 thé c6 nhiéu
gi4 tri cia B. CAm tng tif tdng hop trong vat liéu sit tif s& c6 gid tri ndo tuy
thudc vao trang thdi ban dau clia né.
Cin ¢t vao chu trinh tif tré ngudi ta chia chat sit tir ra 1am 2 loai: sit tr
ciing va sit tir mém.

— Sdt tir ctrng 12 loai ¢6 cdm ng khit tir B, 16n, tinh tir du manh va bén
vitng. Pugc st dung d€ 1am nam cham vinh citu.

— St tir mém 1 loai c6 cdm ng khit tir B, nhd, tir du bé. Loai nay 1am
ting tif trudng trong 1ong né 1én rat 16n nén thudng dudc st dung dé
lam 16i cia nam cham dién, 161 bién thé,...

Dic tinh tif ciia mot s6 vat liéu sdt tir chi ra trén bang 8-1.

8.4.3. Nhiét do Cuirie.

Do tir héa clia chat nghich tir khong phu thudc nhiét do, trong khi do tr

héa clia hiu hét cdc chat thudn tir lai phu thudc vao nhhiét do theo cong thic:
tn =% (8-31)

Trong d6 C 1a hiing s6 Curie, c¢6 gid tri phu thudc vao ban chat clia vat
liéu tu.

Ddi v6i chit sdt tir, dd tir hda ciing phu thudc vao nhiét do nhung phic
tap hon. Khi nhiét do ting kha ning tir hda ctia vat sit tir gidm. D&n mot nhiét
do gidi han T, goi 1a nhiét do Curie cac tinh chdt sdt ti cda vat li€u bi bi€n
mat. DO tir hda ctia vat liéu sit tir tudn theo cong thic:

C

(8-32)
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Vi dy: d6i véi sit (Fe) Ty = 770°C; Niken (Ni) T = 360°C; Coban (Co)
To=1150°C.
Badng 8-1
Loai sdt tir Cdm iitng khit tiv By Cdm iing tit du By
- Manhétit (FeO, Fe,05) 5.10° T 0,6 T
- Thép thuding (1% C) (4+6). 10° T (0,9+0,7) T
Sdt tiw | - Thép crom (3%Cr, 1%C) (6+8).10° T (1,05+0,85) T
ciing
- Thép vonfram (6% W, 1%C) (68). 10> T (1,15+0,95) T
- Thép coban ( 15+30% Co, 5% ) 3 )
W, 5% Cr. 1% Mo) (2+3).10° T (0,9+0,8) T
- Sat tinh ktnet, sau khi luyén 0.025. 104 T 02T
trong Hydr6
- Sit non 0,5.10*T 0,84 T
Sdt tir | - Sit Silic ding trong mdy bién 4
mém | th& (1% Si) 0.7.10°T LST
- Sdt Silic ding trong mdy bién 4
(h& (4% Si) 0,35.10* T 05T
- Pécmaldi (78% Ni, 22% Fe) 0,06.10* T 05T

8.4.4. Tinh bat ddng hudng khi tir héa.

Véi cdc chat sit tif ¢6 cdu tric ti€u tinh thé va néu nhitng ti€u tinh thé

trong né phin b3 hoan toan hdn loan thl tinh bi't ding huéng clia vat sit tir

khong thé hién. P&i véi loai nay véc td tir hda Tkh(“)ng phu thudc vao hudng

cla trudng ngoai.

N&u chat sit tir 1 mot tinh thé thdng nha't thi véctd ti héa J phu thudc

vao huéng clia trudng ngoai ddi vdi truc tinh thé, do d6 dudng cong tir héa sé&
khadc nhau theo cdac hudng tir héa khdac nhau. Trén hinh (8-9) md td mot 6 co
ban cia tinh thé sit. N6 cho thdy huéng tir héa dé nhat 1a theo dudng canh
cia 6 cd ban [100], con huéng tir héa khé nhi't 1a theo dudng chéo khong gian

[111].
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Duong chéo khong gian
[111]

Duong chéo canh
[100]

Duong chéo mdt
[110]

Hinh 8-9. M4t 6 co badn ciia tinh thé sdt

8.4.5. Hién tuong tir gido.

Trong dién mdi ching ta dd bi€t hién tugng dién gido, 1a hién tugng
dién modi bi bi€n dang khi phan cuc. P6i v6i cdc chdt sdt tf xdy ra mot hién
tuong tuong tw, d6 1a chit sit tr bi bi€n dang khi tir héa ching. Hién tugng
nay goi 1a hién tugng tir gido dudc Joune phat hién tir thé ky thit XIX. Pd 16n
clia hiéu tng va chiéu bi€n dang phu thudc vao do 16n va hudng cia tir trudng
tu hda bén ngoai.

§8.5. Gidi thich sy tit hoa ciia chét sdt ti.

Dé€ gidi thich ban chat clia cdc chi't sit tir ngudi ta dd dua trén cdc ¢ sd
thuc nghiém tin ciy va 1y thuy&t hién dai vé& vat liéu tir 12 thuyét “mién tw héa
tw nhién”. Theo thuy€&t nay thi trong vat liéu sit tir ton tai cdc mién riéng biét
trong d6 xdy ra su “tir héa tu phdt”’ goi la cdc démen. Trong mdi démen c6 su
dinh huéng rdt manh cdc mdmen tir riéng dé€n mic bao hoa ma khong cin gi
dén tir trudng ngoai. Khi chua bi tir héa cdc démen nay phdi phan bd sao cho
momen tlf tdng cong clia vat sit tir 1a bing khong. Trén hinh 8-10 cho ta hinh
dnh mot kiéu thic sip x&p cdc domen, trong d6 cdc mién di dugc tir hda dén
mifc bio hda v momen tir cia mdi mién déu bing nhau va bing 1/4P, . G
day E; 12 mémen tif toan phan clia vat sit tir § trang thdi bio hoa.

Khi dat vat sit tir vao tir trudng ngodi thi ning ludng clia cic mién sé
khong nhu nhau. Céc mién c6 véc to tir héa l1ap véi By mot goc nhon sé& ¢ ning
lugng nhd hon cdc mién cé goc th. Do d6 s& x4y ra qud trinh dich chuyén ranh
gidi giita cdc domen @€ phan bo lai ning lugng. Cac mién c6 ning lugng nhd sé
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nd ra va cdc mién c6 ning luong 16n bi thu hep lai (H. 8-10, b). Liic nAy mémen
tif clia vat sit tir bit diu khdc khong, sit tir bit dau bi tir héa. Giai doan nay c6
tinh chat thudn nghich (&ng v6i doan 1 clia dudng cong tir hoa trén H 8-10, f) .

N Sy
AN, AN

By a) b) c)

d) e)

Hinh 8-10

Khi tir trudng ngoai By ting d&€n mdt gia tri ndo d6 thi cdc mién bi thu hep
s& khong con nita (H. 8-10, ¢) va giai doan dich chuyén ranh gi6i két thic. Néu
ti€p tuc ting B, thi bit dAu mot giai doan méi. O giai doan ndy cdc momen tir
trong tiing mién s& quay vé theo hudng song song véi tir trudng (H. 8-9, d). Khi
tif trudng ngoai di manh thi tit cd cdc momen tif trong cic domen déu dinh
huéng song song véi tir trudng (H. 8-10, e). VAt sit tir dat trang thdi bdo hoa tir
(doan 3 trén H. 8-10, /).

Pic tinh clia qué trinh tir héa tir dAu giai doan 2 trd di khdng c6 tinh thuin
nghich. Piéu d6 1y gidi nguyén nhian giy ra hiéu tng tir tré. Khi bd tir trudng
ngodi By, cic mdmen tir riéng trong tirng domen khong thé quay trd lai trang thai
ban dau, 1am cho chat sit tir c6 mdt lugng tir du. Khi nung néng vat sit tir qui
nhiét do Curie T, , thi do chuyén dong nhiét cla cic nguyén t& manh dén mitc
khong nhitng 1am mat hét tir tinh ca vt ma con phd vd hoan toan cic mién tir
hoa ty nhién. Khi d6 vat sit tir trd thanh vat thudn tir binh thudng.
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§8.6. Phan sdt tiw va Ferit.
8.6.1. Phdn sdt tir.

Tuong tic trao ddi trong cdc chat sit tir dd giy ra su dinh huéng song
song clia cdc mdmen tf riéng cla cdc electron trong mdi domen. Bing ly
thuyé&t, tir nim 1933 Landao dd chiéng minh sy ton tai nhitng chit trong d6
Spin clia cic electron c¢6 thé dude dinh huéng d6i song do tic dung clia tudng
tdc trao d6i manh. Su phan b3 déu din cdc Spin ddi song trong cic chit nay
lam cho mdémen tir toan phin clia vat sit tir bing khong (H. 8-11, a). Nhitng
chat d6 goi 1a cdc chat phdn sdt tir.

Vi du, cdc hdp chat ctia Mangan (MnO, MnS), cia Crom (NiCr, Cr,053),
cia Vanadi (VO,), v.v... 1a cdc chit phdn sit tu.

8.6.2. Ferit.

Trong mot s& hgp chit ban din sit tlr, tuong tic trao ddi ciing tao nén
su dinh huéng ddi song clia cdc Spin electron, nhung mémen tir do ching tao
ra theo hai chiéu khong triét tiéu 1in nhau (H. 8-11, b). C4c hop chat ndy goi
12 cdc Ferit tit. P6 14 cdc hdp chit c6 cong thic héa hoc tdng quit 1a
MOFe,03, trong d6 M la mdt 16n kim loai héa tri hai nao do, ching han dong
(Cu™), kém (Zn™), kén (Ni*"), Coban (Co*™*) v.v... .

— —> —> — —_ — —> —

“— — — «— «— «— -« -«

— —> —> — — —> —> —

“— — — -« -« -« -«
a) Hinh 8-11 b)

Ferit dugc ché tao biing cich thiéu k&t & nhiét d6 900 + 1400°C nhitng
manh nhd oxyt da tron that déu. Pic di€m clia Ferit 13 ¢6 cdm tng tir du 16n,
cdm tng khi tir nho, ddng thdi c6 dién trd sudt rat 16n (c6 thé t6i 10* Qm).
Nh& céc tinh chi't d6 ma Ferit dugc st dung nhiéu trong cdc thi€t bi cao tan
dé 1am 18i cdc cudn diy tuw cdm do chiing c6 tdn hao Fuccd bé va cong khi tir
héa ngugc nhd.

Céc Ferit magié-mangan va mot sd vat liéu khdc c6 chu trinh tir tré gian
giong hinh chif nhat dugc sit dung 1am cdc phan t nhé hoic st dung 1am cic
phan tir 16gic trong k§ thuat sd.
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§8.7. Mach ti.

Mach tir 12 tip hop cdc vat hoic mdt phadn khong gian ma trong d6 tip
trung tif trudng. Mach tir 12 mot bo phan quan trong clia hau hét cic mady dién
va céc thi€t bi dién (khung bién th€, khung ddng cd, may phdt dién, ....).

Dong tir trong mach tir déng vai tro tuong ty nhu dong di€n trong mach
dién. St dung cdc dinh 1y va cdc phuong trinh c¢o ban ctia tir hoc va su tuong
quan giita mach tir va mach dién ta c6 thé gidi dudc cdc bai todn vé mach tir.
8.7.1. Mach ti khong phdn nhdnh.

Xét mach tir khong phan nhdnh don gidn nhu hinh 8-12. Mach gém 2
phan: phan mach trong khung sit tir c¢6 ti€t dién ngang S va do tir thim u, va
doan mach 13 khe hd khong khi nhd c6 cing tiét dién va do tir thAim . Ap
dung dinh 1y dong toan phin cho dudng cdm &ng tir & chinh giita ta c6:

H-di = f H-di+ [H -di=HI+HI =N (8-33)
< khung sdt khe

Trong d6 H va H, tudng tng la cudng d0 tu trudng trong khung va trong
khe khong khi. N 1a s& vong quan trén khung, I 12 dong dién trong cudn day.

B)

Hinh 8-12

Vi tai moi ti€t dién ngang clia mdt mach tir khong phan nhdanh dong tir
@ 1a nhu nhau, nén ta co:

HidyS My oS
K&t hop (8-34) va (8-33) ta c6:

H

(8-34)
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& Z
O = NI = H = = (8-35)
! lk rm + rmk Rm
+
HilS g

Cong thic (8-35) c¢6 dang gidng nhu dinh luAt Ohm cho mach kin, trong
d6 & = NI c6 vai trd giong nhu suit di€n dong, nén ta goi 1a 12 sudt tir dong

clia mach. Pai luong R,, c6 vai trd giéng nhu dién tr§ toan phan clia mach va
dudc goi 1a tir tré toan phan clia mach.

l I,

R =r +r, = +
HilS g

m m mk

(8-36)

Mot trong nhitng ¢ng dung cia mach tf khong phan nhdnh 1a ch€ tao
cdc nam chidm dién, ma ng dung clia né hét sitc rong rdi trong cdng nghiép
dién: lam cudn day trong relay di€n tu, cudn day nam cham di€n trong cic
thi€t bi ning clia can ciu v.v.... Luc cuc dai ma nam cham dién c6 thé nang
trong vat (H.8-13) tinh gan ding theo cong
thire:

F = Lst (8-37)

21
Cudng do tir trudng trong khung sit tr ¢
thé coi 12 bing cudng dd tir trudng trong chin
khong Hy tao ra bdi cac vong day dién, do d6
cdm wng ti trong 10i bing B = puoH, . Khi di
qua mit gidi han thanh phan phédp tuyén ctia B
khong thay d6i, do d6:

B M
H, = = H,~> (8-38) \
S o * u, Hinh 8-13

Do d9 tir thim khong khi z4 ~1, con clia khung sit tif z ¢ hang nghin,
do d6 cudng d6 tr trudng trong khe hd khong khi gitra hai cyc tr clia nam
chim 16n hang nghin 1an tir trudng cla cudn day khi khong c6 16i sit tir.

8.7.2. Mach ti phdn nhdnh.

Xét mot mach tir phan nhdanh nhu trén hinh 8-14. Goi S, va [; tuong Gng
12 ti€t dién ngang va chiéu dai cda doan 16i giita BC. Tié€t dién ngang va
chiéu dai tdng cdng clia khung CDAB bén ngoai tuong tng 1a S, va . Ta cé:
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d d
M oSy o oS,

Tir d6 , 4p dung dinh 1y dong toan phan cho mach tir ta c6:

e -ai = LTI
2 Hy oS 1S,

I, = N, (8-40)

i

-\.\.'q.'-: -

b)
Hinh 8-14
. L L s in en .
Nhung ta lai c6: =R, ; = R, la tr tr¢ tuong wng
My HoSy oS,

ctia cdc doan BC va CDAB. Con N;I; = & 1a stc tir ddng ctia mach kin ta ¢6
thé viét (8-40) dudi dang:
DR+ DR, =% (8-41)
Trudng hogp tdng quat mach tir ¢6 nhiéu nhdnh ré&, cdc nhinh c6 tir trd
tuong ung la R;, dong tor @, thi (8-41) c6 dang:

D OR =>4 (8-42)
i k

Quy uSc vé dau: @ > 0 néu cling chiéu duong di chon, % > 0 néu cudn
day sinh ra tir thong cting chiéu dudng ctia mach.

Cong thifc (8-42) c6 dang gidng biéu thitc clia dinh luat Kirchhoff viét
cho midt mang. Mot c4dch tuong ty, khi vi€t dinh luat cho niit ciia mach tr ta
ciing c6 bi€u thitc tuong tu dinh ludt Kirchhoff cho nit:

>, =0 (8-43)

Véi quy uée dong téi nit @, > 0, dong di khéi nit @, < 0.
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Nhu vay, bai todn tinh tir thong cia modt mach tir bat ky ciing tuong tu
nhu bai todn tinh dong dién trong mach dién, trong d6 mdi mach tir c6 thé so
sdnh v6i mach di€n tuong tng (8-12, b va 8-14, b).

8.8. Hién tugng siéu dan.
8.8.1. Hién tuong..

Hién tugng siéu din dugc nha bac hoc ngudi Ha lan Kamerlingh-Onnes
phdt hién ra 1an diu tién vao nim 1911. Khi nghién cttu dién tr§ cda thdy
ngin Ong thiy ring & nhiét do 4K dién trd ctia thiy ngdn dot ngdt gidm xudng
dé&n 0. Sau d6 hién tugng ndy dudc phdt hién & nhiéu kim loai va cdc hgp kim
khac (bang 8-2).

Nhiét do ma tir d6 bt diu xdy P 4
ra hién tuong si€u din goi 1a nhiét
do tdi han T. . Trang thdi cua cac
chat & nhiét @6 nhd hon nhiét do tSi
han T, v61 p = 0 goi la trang thdi
siéu dan. Su phu thudc cla dién tré

»

suat cﬁa}) Vét~siéu din vao nhiét dd 0 T T:
dudc bi€u di€n trén hinh 8-15.
Hinh 8-15
Bdng 8-2
STT Chadt T, (K) STT Chat T, (K)
1 Vonfram (W) 0,01 10 | Indi (In) 3,40
2 Iridi (Ir) 0,14 11 | Thi€c (Sn) 3,72
3 | Hafni (Hf) 0,16 12 | Thuy ngan (Hg) 4,15
4 Titan (Ti) 0,49 13 | Vanadi (V) 5,13
5 Cadimi 0,52 14 | Chi (Pb) 7,23
6 Zirconi (Zr) 0,55 15 | Nidbi (Nb) 9,26
7 Kém (Zn) 0,85 16 | Nb-N 14,7
8 Molipden (Mo) 0,93 17 | ViSi 17,0
9 Nhom (Al) 1,19 18 | NbsSn 18,2

8.8.2. Cdc tinh chdt ciia vit siéu dén.
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VAt & trang thdi siéu din cé nhitng tinh chat ri't dic biét, khiac han nhitng
vat dan thong thudng. Céc tinh chat dic biét do6 la:

—Vat siéu dan la mot vat dan dién ly tudng. Do dién tr bing khong, nén
néu trong vat siéu din c6 dong dién thi né c6 thé ton tai ra't 1au, vi khong cé
st tdn hao nhiét Joune-lenx.

— Tinh siéu ddn chiu dnh hudng I6n ciia tir truong. Khi c6 tf trudng tic
dong thi nhiét dd t6i han 7. ha xudng, nghia 13 vat tr§ nén siéu din & nhiét do
thap hon. N&u tir trudng dd manh n6 c6 thé lam mat tinh siéu din cla vat. Gid
tri cda tlf trudng 1am mat tinh siéu din & mot nhiét d6 ndo doé goi 1a tir truong
t0i han H..

— Vat siéu dén la vat nghich tir Iy tuéng. O trang thdi siéu din, moi dudng
sitc tif déu bi ddy ra ngoai vat din, trir mot 16p rat méng bén ngoii bé mit,
nghia 1 tf trudng trong l1ong vat siéu din ludn ludn bing khong. Do tir hda
clia vat siéu din y = —1, va do i thim p = 14y = 0. Hién tuong nay goi 1a
hiéu ving Meissner dugc Meissner va Ochsenfeld phat hién ra vao ndm 1933.
Pay 1a thudc tinh c¢o ban thit hai ctia siéu dAn bén canh tinh din dién ly tudng.
Do tinh nghich tir 1y twdng nén khi dit trong tir trudng vat siéu din sé chiu tic
dung ctia nhitng luc c6 xu huéng ddy né ra khdi tir trudng. Ngudi ta di 1am
cdc thi nghiém chitng minh hién tugng nay, trong d6 mot miu oxyt ddng, bari,
yttri siéu din bi ddy ndi bdong bénh bén trén mdt thanh nam chAm vinh cttu.

8.8.3.Ung dung ciia siéu dén.

Do céc tinh chat dic biét k€ trén, vat liéu siéu din ngay tu khi méi phat
hién di dudc trién khai 4p dung, mic du gia thanh rit cao do phdi lam cic hé
thdng 1am lanh phic tap. Ung dung cta siéu din cuc ky phong pht trong viéc
thay th€ cic kim loai thong thudng bing vat liéu siéu din d€ tao ra cic may
moc thi€t bi hiéu tng cao. C6 thé chia 1am 2 nhém sau:

1. C4c thi€t bi, mdy méc c6 kich thudc 16n nhu ch€ tao cdc nam chim siéu
din cuyc manh diung cho mdy gia toc hat trong nghién cttu hat nhan; céc
dong co, m4y phat dién hiéu suit cao; thu hda chay trén dém tir , v.v....

2. Céc thi€t bi, mdy méc kich thuc nhd, tinh xdo dung trong k¥ thuat dién
tr, mdy tinh; cic may do c¢6 d0 nhay cao dung trong ky thuit do ludng.
diéu khién, ty dong hoda, v.v...

C4c may moéc thi€t bi 1am bing vat liéu siéu din c6 nhitng dic tinh quy
gid nhu :
a) Hiéu sudt cao. Do dién tr§ bing khong nén khong tiéu t6n ning lugng
dién. Do tinh nghich tir Iy tudng nén cé thé gidm ma sit tdi mic tdi da. Nho
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vay chi phi t6n hao ning lugng gidm dé&n mic thap nhat, va hiéu suit c6 thé
dat t61 98,8%.

b) Chdt lugng cao. Cic may méc ché€ tao biang vat liéu siéu dian sé& cho do
chinh x4dc t6i da, do nhay cao, tdc dd 1am viéc 16n véi do on rat thap. Tan sd
lam viéc ctia cic chuyén mach siéu din dat t&i 10" Hz

¢) Gon nhe. Céc linh kién siéu din kich thuéc nhd, do khong tda nhiét nén cé
thé dit st nhau. Ching han, mdt nam chAm thudng mudn tao tif trudng 1,5 T
c6 khdi lugng t6i 16 000 tdn, trong khi mdt nam chim siéu din d€ tao tir
truong 12,5 T ¢6 khdi lugng nhd hon 1 tan.

8.8.4. Siéu ddn nhiét do cao.

Ngay sau khi phdt hién ra hién tuong siéu din & thiy ngin, nhiéu
nguyén td khic trong bang tuan hoan di dudc khio sdt va cho thdy hién tudng
nay con x4y ra & nhiéu kim loai va cdc hop kim khdc (bdng 8-2). Piéu dic
biét Iy thd 13 qud trinh tim ki€m cdc chat siéu din ma c6é nhiét do tdi han T,
16n. Theo khodng nhiét dd trong d6 ton tai trang thdi siéu din, ngudi ta chia
c4c chit siéu din ra hai loai:

— Siéu ddn nhiét do thdp. Cho cdc chat cé nhiét do tdi han T, <20 K
— Siéu ddn nhiét do cao. Cho cdc chit cé nhiét dd t6i han 7, > 80 K.

Nim 1987 ngudi ta da tao ra siéu din trong khodng nhiét do tir 80+-90K.
Niam 1988 da dat dudc T. trong khodng 120+130 K. Ngudi ta hy vong vao
nhitng nim t&i c6 thé tao ra dudc cdc chit siéu dan § nhiét do t4 lanh (~ 250
K) va nhiét d6 phong (~300 K). ( Bing 8-3).

Bdng 8-3
Ndm Chadt siéu dén T. (K) Ndm Chadt siéu din T. (K)
1911 Hg 4,1 1973 Nbs;Ge 23,2
1913 Pb 7,2 1986 La, «SryCuQOy4 40
1930 Nb 9,2 1987 Yba,Cu3075 94
1954 NbsSn 18,1 1988 BiSrCuCa,0Ox 110
1966 Nbs(Alp75Geo2s) 20-21 1988 T1,Ba;Cu,O4 125
1971 Nbs;Ga 20,3
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Chuong 9.
CAM UNG PIEN TU

§ 9.1. Hién twong cam ung dién twr
9.1.1. Thi nghiém Faraday.

Sau khi tim ra tdc dung tir ciia dong dién thi mot van dé ditra 12 : dong
di€n sinh ra ti trudng, vay ngudc lai nhg tr trudng c6 sinh ra dong dién hay
khong? Faraday da chitng minh bing thuc nghiém va sau d6 Maxwell da
chitng minh bing 1y thuy€t ring tif trudng bién thién sé& sinh ra dong dién
(hodc dién trudong).

Trong thi nghiém ctia minh Faraday da st dung hai vong diy dit gan
nhau. Mot vong ddy mic véi ngudn dién mot chiéu (goi 12 mach ngudn).
Vong tht 2 ndi véi mot dién k€ G (goi 1a mach tht) (hinh 9-1). Khi thay ddi
cudng d6 dong dién trong mach ngudn thi tha'y trong mach thit xuat hién dong
dién. Dong dién trong mach thit xuat hién khong phu thudc vao cich ta lam
bi€n ddi dong trong mach ngudn, nhu bing cidch déng hay ngit ngudn hoic
diéu chinh bi€n trd trong mach. Nhu vay su bién thién cla dong trong mach
ngudn di tao ra § khong gian xung quanh mot tlr trudng bién thién, va sy bi€n
thién cla tir trudng da 1am xud't hién dong trong mach thi.

Hiéu tng trén cling x4y ra khi ta giif nguyén dong trong mach ngudn va
di chuyén vi tri tuong d6i giita mach ngudn va mach thi¥, hoic thay th& mach
ngudn bing mot thanh nam chdm vinh cttu va di chuyén vi tri tuong ddi cla
thanh nam chidm so v&i mach thi.

\ 4

Hinh 9-1. Thi nghiém Faraday
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Phén tich cdc k&t qua thi nghiém ta thdy ring: mdi khi tir thong giti qua
mot mach kin thay ddi, trong mach xudt hién mot dong dién cdm tng. Hién
tugng trén goi la hién tuong cdm ting dién tir.

9.1.2. Quy tdc Lenx.

Trong thi nghiém cda Faraday, sy xuit hién dong cdm @¢ng trong mach
khong phu thudc vao cich gy ra sy bién thién tir thong. Tuy nhién chiéu clia
dong cdm ng lai phu thudc chit ché vao su ting hay giam cta tir thong qua
mach. Lenx da tim ra quy tic tdng quat d€ xdc dinh chiéu cta dong dién cdm
trng, goi 1a quy tic Lenx:

Dong dién cdm kng phdi cé chiéu sao cho tit truong do né sinh ra cé tdc
dung chéng lai nguyén nhdn sinh da ra né.

9.1.3. Sudt dién dong cam itng. Pinh ludt Faraday.

Maxwell, sau khi phin tich cdc thi nghiém ctia Faraday va quy tic
Lenx, da trinh bay dinh ludt co ban ctia hién tugng cdm Gng dién tir dudi dang
todn hoc:

dF
€ =- = 9-1
¢ dt G-

Trong d6 , 1a sud't dién dong cdm tng xuat hién trong mach. Cong thitc
(9-1) 1a dang todn hoc ctia dinh luat Faraday. N6 cho thdy trong moi trudng
hop suit dién dong cdm dng cé gid tri bing va ngugc dau véi tdc do bién
~ Ull
thién cla tif thong giti qua machkin. Vi F = B 4S5, nén:

S
¢ wmur’
%=-55=-i%3£b (9-1,2)
dt dt & %
N U

trudng B hay thay ddi dién tich S.
D4u (-) trong cong thifc thé hién dinh luat Lenx.

1) Mach diing yén trong tix truong bién thién theo thoi gian.

Khi cho tir trudng B bién thién xuyén qua dién tich gidi han bdi mot
vong ddy din S, trong vong day xuat hién mot suit dién dong cdm tng va cé
dong cdm ng. Viéc xudt hién dong cdm ¢ng chitng td trong vong diy xuit
hién mot dién trudng, nhung dién trudng nay khac véi dién trudng tinh dién &
chd né 12 mot dién trudng xody, c¢6 cdc dudng sic khép kin. Maxwell khi
khdo sit hién twgng nay da vi€t ra modt phuong trinh co bin cla cic hién
tugng di€n tu goi 1a phuong trinh Maxwell — Faraday.
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2) Mach chuyén dong trong tir truong khong doi.
Khi chuyén dong trong tir trudng véi Van toc v cac dién tich tu do trong
vat din sé chiu tdc dung clia tir lIuc Lorentz F = e [v B ]. Du6i tac dung cia

tir luc cdc dién tich khdc ddu sé& dich chuyén vé hai ddu vat din lam giita hai
dau xud't hién mot hiéu dién thé.

Né&u mach dién kin, trong mach s& xuAt hién dong cdm tng, tic 1a xuit
hién sudt dién dong cidm dng.

Viéc xudt hién sudt dién dong cdm ng trong mach kin ciing nhu thé
hiéu & hai ddu mach hd ching 4 trong vat din da phdt sinh trudng luc la E *.
Trong trudng hop ndy, ban chat luc tdic dung cla trudng Iuc la chinh 1a luc

A 7 A A
Lorentz. Do vay ta c6 thé viét:
uu

wur U un
E*= "L =1y xB]. (9-2)
e

Mit khdc ta biét ring suat dién dong trong mach kin c6 gid tri bing luu

s6 véc td trudng luc la. Do dé:

uur u u uu u
4 = Ne*di = Nv -Bldl (9-3)
& >

Cong thitc (9-3) cho phép ta tinh sudt dién dong cdm tng trong moi
trudng hop.

9.1.3. Ung dung.
1) Tir thong ké.

Hién tugng cdm wng dién to dudc
ting dung dé€ ché tao tir thong k& d€ do tir
trudng. Nguyén Iy ciu tao clia tf thong k&
rat don gidn, n6 gdm mot dau do c6 dang
mdt vong diy din ndi véi mot dién k€. Khi
tlr trudng glri qua vong diy dan bién thién
trong vong diy s& xult hién suat dién dong
cam Gng (hinh 9-2). Qua mach c6 dong N4
cam Gng: Hinh 9-2
tof 1 do

<
/

|\

R R dt

Trong d6 R 1a dién trd cla toan mach. N€u gidm tir thong qua mach tir
gia tri ® vé 0, dién lugng chuyén qua mach sé& 1a:
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q=[1di=- jld—q) d_—%qub% (9-4)
[

— Pinh luat Faraday: “D¢ Idn ciia dién tich chuyén qua mach kin ty 1é véi do
bién thién ciia tir thong giti qua mach dé”. Dinh luat Faraday 13 co s& dé ché
tao cdc tir thong k€.

bién tich g dudc do nhd dién k& xung kich.

® B R
R R S
2) Phdt dién xoay chiéu.

Hién tugng cAm tng dién tir 13 co s& d€ ché tao cdc mdy phat dién xoay
chiéu. Nguyén 1y cda mdy phat dién xoay chiéu gém c6 mot khung diy N
vong, dién tich S quay déu vé6i van toc géc @ trong mdt tir trudng déu B (hinh
9-3), trong khung diy sé& xu4t hién mot suit dién dong cdm ng:

D :
. = a;it = —%(B S cos wt) = @wBS sin wt (9-4)

% = Eysin ot (9-4,2)

c

N&i v6i mach ngoai Z. Trong mach sé c6 dong xoay chiéu:

g. E
i = — = Zsin (wt *+ @, 9-5
~ =7 (ot £ ;) (9-5)

Hinh 9-3

$§9.2. Hién tuong tu cam.
9.2.1. Tu cam.

La hién twdng phdt sinh suit dién dong cdm ng trong mach do chinh sy
bi&n thién clia dong trong mach dé gy ra. Suit dién dong phat sinh goi 13 suat
dién dong tv cam. Dong sinh ra goi 1a dong tu cam.
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9.2.2. Hé sé tu cdm.

Ta bi&t dong dién ph4t sinh ra xung quanh né mot tir trudng c6 dd 16n ty
1€ v6i cudng d6 dong dién. Ma tir thong @ ty 1€ vd4i tir trudng B tic la phai ty
1€ v6i dong dién i :

& =1Li (9-6)

L 1a hé s6 ty 1& goi 1a hé sd tw cdm hay dod tv cdm cia mach. Do t
cam L phu thudc vio hinh dang, kich thuSc va vao dd tir thAim u clia moi
trudng bao quanh mach. Néu mach khong c6 16i sit thi L=const, va khi d6 @
ty 1€ thudn véi 1.

Khi dong dién trong mach bié€n thién thi suit dién dong ty cdm xuat
hién tinh theo cong thifc:

do di

. =——=—L— v4i1 L = const 9-7
¢ dt dt ( ) ©-7
Né&u L # const thi:
gc:——(Lz)——Lﬁ—zd—Lz—( di AL diy
dt dt dt di dt
- —(L+zd—L)ﬂ (9-8)

Vidu:
1) Tinh d6 tw cam ciia mot xblénnéit cé chiéu dai l gom N vong day tiét dién S.
Né&u coi chiéu dai / clia xd1éndit dd 16n thi c6 thé xem tir trudng bén
trong x61&noit 1a déu

N
B = uuy, 71 (9-9)

N? N? ,
® =BSN = MUOT[S = ,uyOZ—ZI-SZ = ppnl-V

L = % = ,u,uOnZ-V (9-10)
2) Cdp dong truc dai I:
[ = R (9-11)
2 R,

R, va R, 1a ban kinh trong va ban kinh ngoai cua hinh tru.
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3) Puong song hanh (cdp 2 dady):
d

L =Hopt (9-13)
T R

Trong d6, d 1a khodng cdch giita hai truc ddy din, R 1a bdn kinh tiét
dién ngang clia day dan (d/R >> 1).

9.2.2. Hién tuong tu cam khi déng mach va khi ngdt mach.

LA hién tugng phdt sinh dong tu cdm trong mach c¢6 do tu cdm L, ngudn
sudt dién dong ¢, dién tr§ R khi déng mach va khi ngit mach. So dd thi
nghi€ém hién tugng tu cam chi ra trén hinh (9-4).

R L
S = I P
: 1
(1 a & L C@R
R s
a) b)
Hinh 9-4

1) Tu cam khi dong mach.
Khi d6ng mach (H. 9-4, a) bong den sang l€n tur tr ma khong dat do
sdng binh thudng ngay.
Goi &, 1a s.d.d. tu cdm khi d6ng mach, theo dinh ludt Ohm ta c6:
di

IR=%+4 =% —-L—
dt

Bi€u dién dong dién i dusi dang tong cc thanh phin khong d6i ¢ /R va
dong tu cam i. ta co:

&
i = —+i 9-14
R T (9-14)
Khi d6 i. nghi€ém ding phudng trinh:
i +£ic =0
dt L
Tich phan phuong trinh trén ta c6:
& —E(t—to)
i =——e © 9-15
c R (9-15)
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R
——(t—ty)
Do dé: i:%(l—e L (9-16)

D6 thi biéu dién (9-16) trén hinh 9-5, a. Ta thdy do tu cdm nén dong
dién trong mach khong dat ngay tdi gid tri cuc dai [, .

2) Tu cdm khi ngdt mach.

Khi ngidt mach béng dén loé 1én rdi mdi tit (H. 9-4, b). Néu ngay sau
khi ngit mach , titc bd suat dién dong trong mach, ta déng mach lai ngay thi
theo dinh luat Ohm ta cé:

IR, = —L% (9-17)
1 A 1 A
R R, S R,
Ll L2
0 i 0 t
b)
Hinh 9-5

Trong d6 R, 13 dién tr6 cta mach khi khong c6 suat dién dong. LAy tich
phan phuong trinh (9-17) va chd ¥ cdc diéu kién ban dau:
I ‘ t=t9 E = IO

R
p . - (t=1)
Ta co: i =1,e (9-18)

D6 thi bi€u dién trén hinh (9-5, b) . N&u mach khong bi ndi tit ma dé
hé thi Ry >, va:

R
di ol = (=tp)
& =-L—=R,-—(0-e L
‘ a - o g! :
. e e 2 <z RO
Taithoi di€ém ngatmach: 1 =1,: 4 = %-?>>%§
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Nhu vay, khi ngdt mach, suit dién dong tv cAm trong modt khodng thoi
gian ngdn trong mach rat 16n. Hién tugng nay lam phat sinh tia lta dién do
phéng dién & chd ti€p xic lam chdy ti€p xtc. PE loai trif ngudi ta thudng mic
song song vdi cong tic mot tu dién.

$9.3. Dong dién Foucault.

Khi dit mot vat dan dic trong mot tlr trudng bién thién thi trong vat din
xuat hién nhitng dong dién cdm tng khép kin goi 1a cic dong dién xody hay
dong Foucault.

Cé4c dong xody giy hiéu ng nhiét Joule-lenx lam dét néng vat dan.
Ngudi ta 10i dung tinh chit nay dé€ ché tao cdc 10 dién cdm tng cé thé niu
chdy kim loai va sidn xudt cdc hgp kim trong chin khong. Nhd d6 hdp kim
tranh dudc sy 6xy hoa trong khong khi.

Dong Foucault cling phat sinh khi mot vat din dic chuyén dong trong tir
trudng. Chiéu clia dong cdm ng tuin theo dinh luit Lenx nén tir trudng do né
sinh ra ¢6 tdc dung chdng lai nguyén nhan da sinh ra no6, titc 12 chong lai su
chuyén dong ctia vat dan, nhu vy phat sinh luc cin bing tir trudng. Ldi dung
tinh chit nay ngudi ta ché tao cdc bd phin cdn diu bing tit trudng diing rong
rdi trong cdc dung cu do dién.

Tuy nhién trong nhiéu trudng hdp, dong Foucault gy tidc hai do dot
néng vat dan 1am tdn hao ning lugng. Ching han, trong cdc mdy bié€n thé, cic
dong co, may phat dién... 16i sit chiu tic dung clia tif trudng bi€n ddi lam
phét sinh dong Foucault nén bi d6t néng. K&t qua, tdn hao ning lugng vd ich
va 1am gidm hiéu sult clia may.

D€ gidm tic hai do dong Foucault, ngudi ta khdng dé nguyén cd khdi
kim loai dic 16i thép ma dung nhi€u 14 kim loai son cdch dién ghép lai véi
nhau, mit khdc dung thép ky thuit cé dién tr§ suit 16n d€ gidm dong. Do bé
day mdi 14 rAt mdng, dién trd 16n nén cudng d6 dong Foucault 1a rat nhd, 1Am
gidm hau hét tdn hao Foucault.

§$9.4. Hiéu itng Skin (hiéu ving lop da)

Khi qua vat din c6 dong bién thién chay qua s& lam phat sinh su't dién
dong tu cdm va dong dién xody (H. 9-6). Cac dong dién xody phii c6 chiéu
sao cho tf trudng do né sinh ra chéng lai sy bi€n thién cua tir trudng sinh ra
né. Nhu vay, doc theo truc vat din dong cdm &ng cé chiéu ngugc véi chiéu
bi&n thién cla dong xoay chiéu. Do hiéu tng d6, dién trd clia vat din & bén
trong 161 16n hon dién trd trén bé mit. Mat do dong xoay chiéu cuc dai trén

Luu Thé Vinh



- 152 - PIEN TU HOC

bé mit vat din. Tan s6 bién ddi ciia dong xoay chiéu cang cao thi tic dung
clia cdc dong tu cAm trong diy cang manh, phin dong dién chay trong rudt
day din cang y&u. Biing thuc nghiém chitng té riing khi tan s6 ciia dong cao
tan c¢d 1000Hz thi dong chi chay trén mot 16p mdng cla bé mit chirng 2mm.
Con v6i tan s& 100.000 Hz dong chi chay trén 16p bé mit day 0,2 mm. Hiéu
ung trén goi la hiéu tng Skin (hay hi€u ung 16p da).

S .
AlcYIvch vlC‘IAlCV
ﬂ>O ! | ﬂ<0
dt Hinh 9-6 di

Do hiéu tng Skin nén khi diing dong dién cao tan ngudi ta ché tao cic
day din rdng d€ ti€t kiém kim loai. Hiéu &ng Skin din d€n dong cao tin chi
tda nhiét trén mot 16p méng bé mit vit din. Hé qui nay dudc tng dung dé
toi bé mit cdc chi ti€t may bing thép. Cong thifc gan ding md td hiéu dng
Skin trong mdt day din hinh tru dong chat nhu sau:

K
1+? khi k<1

—2 = 20,997K + 0,277 khi 1,5<k<10 9-19)

k+l+i khi k>10
4 64k

Trong do:
R~ 1a dién tr§ hiéu ng clia vat din c6 bdn kinh r d6i voi dong xoay
chiéu tin sd w .
Ry —1a dién trd ctia vat din d6i v6i dong khong doi.
1
r .. -
k = 55 voi 0 = 2Quuyyw) 2.

y— dién trd suat cda vat din vdi dong khong ddi.
J— Bé siu clia hiéu @ng : khodng céch tinh tir bé mit vat din t6i di€ém
ma dong gidm di e 1an so v6i dong tai bé miit.
§9.5. H6 cam.
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La hién tugng xuat hién sudt dién dong cdm ¢ng trong cdc mach dién
dit gdn nhau. Sy bié€n thién dong dién trong mach nay s& giy ra sy bi€n thién
tr thong giti qua mach kia va tao ra trong mach d6 mot sudt dién dong cdm
ung.

Khéo sat hai vong diy dan kin c6 cdc dong dién I; va I, tuong tng dit
gian nhau (H. 9-7).

Hinh 9-7

Tu thong do dong I; gli qua mach thi 2 1a :

@, =M I (9-20,a)

Trong d6 M;; goi 1a hé s6 hd cdm giita vong 1 va vong 2.

Mot cdch tuong tu, tir thong do dong dién I, glti qua vong diy 1 sé la:

Doy =M, I, (9-20,b)

Trong d6 M,; goi 1a hé s6 hd cdm gifta vong 2 va vong 1.

Ddi v6i 2 vong diy bat ky hé sd hd cdm gitta ching phu thudc vao hinh
dang, kich thudc, vi tri tuong hd ddi v6i nhau va vio do tir thAim clia moi
trudng xung quanh. Né&u giita 2 vong diy khong c6 vat liéu sit tir thi hd cdm
gifra chiing ¢6 gia tri nhu nhau:

Mp; = My = M (9-21)

Theo dinh luit cdm tng dién tir, n€u dong dién trong cdc vong day bién
thién s& 1am xuAt hién & vong diy kia suat dién dong cAm ng:

do, o odl _dl

g = - = — _— =
? dt P dt 9-22)
d® dl dl
g = 4Py dly _dl
dt dt dt
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So sanh cdc cong thitc (9-7) va ((9-22) ta thdy hé s6 hd cdm M ciing c6
tht nguyén gidng hé s6 tu cdm L. Trong hé don vi SI hé s& hd cdm M c6 thi
nguyén la Henrry (H).

§9.6. Nang luong tu truong.
9.6.1. Ndng luong riéng ciia dong dién.

P&i v6i dong dién khong ddi, khi cho chay qua mot diy din thi cong
sudt clia ngudn s& bi€n thanh nhiét Joule-Lenx. P&i v6i dong dién bién doi,
do ton tai hién tugng tw cAm cho nén qud trinh x4y ra c¢6 khic. Khi dong dién
dang ting, trong mach xudt hién dong ty cdm c6é chiéu ngudc lai, lam cho
dong dién thyc t&€ qua mach nhd hon gia tri thuc. K&t qud, chi c6 mdt phan
dién ning do ngudn sinh ra bi€n thanh nhiét ning. Ngudc lai, n€u dong qua
mach dang gidm, dong ty cdm xuat hién cling chiéu 1am cho nhiét lugng tda
ra trong mach 16n hon phan ning lugng do ngudn cung cap.

Theo dinh luat bdo ning lugng, phan cong khi dong dién ting thi€u hut
chi c6 thé bi€n thanh mdt dang ning lugng khac d€ khi dong trong mach gidm
né dugc gidi phéng ra. Vi ring khi dong dién ting tr trudng do nd tao ra cling
ting va ngudc lai khi dong dién gidm thi tir trudng cling gidm, nén rd rang
phan ning lugng nay la ning lugng cla o trudng.

Pé€ tinh ning lugng tir trudng ta hdy tr§ lai hinh (9-4) trong bai hién
tuong tu cdm khi déng mach. Xét qud trinh thi€t 14p dong khi dong dién trong
mach dang ting, ngudn dién phai thyc hién mot cong dé chong lai cong cdn
do xuAt hién sudt dién dong tv cdm. Néu goi &, 12 sudt dién dong tv cdm
trong mach thi cong thi€t 14p dong dién s& c6 gid tri:

i do I 1
= — <7 = -9 = | = — 2 -
A= jégzdz jdt idt jdez LI (9-23)
0 0 0
Cong nay bi€n thanh ning lugng clia 6ng day trong mach:
A=W= %L[z (9-24)

Cong thiic (9-24) bi€u dién ning lugng tir trudng clia 6ng day c6 dong
dién theo nhitng tham s6 dic trung cho mach dién: cudng do dong dién I va
d6 tu cam L. Do d6 ngudi ta con goi nod 1a ning lugng riéng clia dong dién.

Trong co6 hoc ta biét ring dong ning clia mot vat c6 khdi ludng m
chuyén dong v6i van téc v c6 gid tri 1a 1/2 mv* trong d6 m dac trung cho
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quén tinh cta vat. So sdnh véi ning lugng cia dng diy ta c6 khdi niém tudng
tu la: do tw cam L dic trung cho quan tinh cia mach dién.
9.6.2. Ndng luong ti truong.

Trong tinh dién ta bi€t ring ning luong dién trudng dinh xi trong
khodng khong gian c6 dién trudng. Ly thuy€t va thuyc nghiém da ching td
ring ning lugng tir trudng ciling dudc phan bd trong khodng khong gian c6 tir
trudng, nghia 1a dinh xi trong tr trudng.

Ta hidy xét niing lugng tr trudng clia mot ong day theo (9-24), khi thay
gid tri cua dién cam L:

N? N?
L= ﬂﬂoTS = ﬂﬂol—le = upgn’V
.. 1o 1 20,7 2
ta co: W= —LI"=—uu,nVi
2 2
Né&u 6ng day di dai, tir trudng trong ong day 1a déu va cé gid tri:
H = nl,
do do: I = 7
n
o Lo GHY 1 )
Tu do: WZEILIILIOH — -V:E,u,uoH -V (9-25)
n

Vi ¢6 thé coi tir trudng tip trung trong 1dng dng diy, cdng thitc (9-25)
cho thdy ring toan bo ning lugng tlf trudng phan bd déu trong thé tich V véi
mat dd ning lugng w:

w1 1
w=—=—uuH = —-BH 9-26
v ) Hity 3 ( )

DPoi véi tir trudng khong déu, ta hiay chia nhd mién khong gian chita
trudng ra cdc thé tich nguyén t dV, trong d6 chita ning lugng nguyén t& dW.
Ning lugng tir trudng dinh xi trong toan bo thé tich V sé la:

— N _ 2 _ 1 \ 2 _ 1 \
W = OdW = Ode = 50 mmyH“dV = 50 BHdV (9-27)
V V

vV V

Luu Thé Vinh



- 156 - PIEN TU HOC

Chuong 10.

PIEN TU TRUONG - THUYET MAXWELL

§10.1. PIEN TRUGNG XO0AY,
PHUONG TRINH MAXWELL - FARADAY.
10.1.1. Dién truong xody.

Trong thi nghiém vé hién tugng cdm ng dién tir clia Farday ta thdy
ring: mdi khi tir thong giti qua mdt mach dién kin bié€n thién thi trong mach sé&
xuit hién mot suit dién dong cdm ng. C6 hai trudng hgp xdy ra: hoiic 1a
mach ditng yén trong mot tir truong bién thién, hoic 12 mach chuyén dong
trong tit truong khong doi.

Ta hiy xét trudng hgp mach ditng yén trong tf trudng bi€n thién. Trong
mach xuat hién sut dién dong cdm wng chitng té ring da c6 nhitng luc la tic
dung 1én cdc dién tich, trong mach tdn tai mot truong luc lg. Phin tich cdc két
quéa thyc nghiém Maxwell da cho ring truong luc la & day chinh la dién
truong, nhung khac v6i trudng tinh dién, dién trudng & day la dién truong
xody, ¢6 cac dudng sic khép kin. Do d6, dudi tic dung cia luc dién trudng
cdc dién tich s& chuyén dong theo quy dao khép kin 1am xuA't hién suat dién
dong trong mach.

Trén co s& thuc nghiém, Maxwell thiy ring sy xut hién suat dién dong
trong mach khong phuc thudc vao trang thdi, bidn chat va diéu kién vat 1y cda
vat din ciu tao nén mach. N6i cdch khdc, su ton tai clia dién trudng xody
khong phdi do mach dién quyé&t dinh ma do chinh tir trudng. Mach dién chi 12
phuong tién gidp ta phat hién sy c6 méit cia dién trudng xody.

Mot cdch tdng quit, c6 th€ xem “mach” 12 mot dudng cong kin bat ky
dit trong t trudng. Mdi khi tir trudng bi€n thién, tir thong giti qua dién tich
gi6i han bdi mach kin bi€n thién. Khi d6 tai mdi di€ém trén dudng cong d6
xuat hién mot dién trudng xody, ma Iuvu thong clia dién trudng nay theo dudng
cong kin 1am xuAt hién suit dién dong cdm ng trong mach.

Maxwell k&t ludn: Moi tir truong bién thién theo thoi gian déu lam xudlt
hién dién truong xody”.

10.1.2. Phuong trinh Maxwell — Faraday.
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C6 thé dién dat dinh luong két luan clia Maxwell biing toan hoc. Theo
dinh ludt cdm ¢ng dién tr Faraday sudt dién dong cdm ng xuit hién trong
mach c6 gi4 tri bing toc do bi€n thién clia tir thong qua dién tich gidi han:

dF

o= o 22
“

dt

u ux
Trong do: F = (‘) BdS 1a tir thdng guii qua dién tich S gidi han bdi
S
dudng cong kin & Xét trudng hgp mach didng yén trong tif trudng bi€n thién
ta co:

<

r ur ur
TV S SN §
dt  dt T
s s
Mit khéc, ta da bi€t ring suit dién dong trong mach c6 gid tri bing luu

s6 véc to trudng luc la doc theo mach:
uu uu

&= N Edl
o

Trong trudng hgp nay truong lyc la chinh 1a dién trudng xody, do do ta
c6 thé viét:

o un s uua
g‘)Exdl=-d—F=-(‘)EdS (10-1)
dt q¢
< S
A
Yo \ A Trén hinh 10-1 biéu dién céic

dudng stc cua dién trudng xody la
nhitng dudng cong khép kin, véi tr
\ truong B hudng to dudi 1€n va co

»
»

/

gia tri dang tang theo thdi gian.

RN
P

Hinh 10-1

Bi€u thic (10-1) 13 phuong
trinh bi€u dién mdi lién hé giita toc do bi€n thién cha tir thong ® va dién
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trudng xody. N6i cdch khidc né néu 1én mdi lién hé gifta tir trudng bién thién
va dién trudng. N6 ciing diue?ln td tinh chit xody cda dién trudng. That vay, vi
. OB I un \
to trudng bi€n thién nén Ei 0, do d6 tr (10-1) ta c6: .(i) Exdl ' 0.Dbicu
Iz
d6 chitng t6 ring E 12 mot trudng xody.
Néu viét dusi dang vi phan thi (10-1) c6 dang:

uu

rot E = - — (10-1, a)

Phuong trinh (10-1) 12 mdt trong nhitng phuong trinh c¢d bén clia thuyé&t
Maxwell. N6 dudc rit ra tir dinh ludt cam d@ng dién tir Faraday va c6 tén goi
1a phuong trinh Maxwell — Faraday.

§ 10.2. DONG PIEN DICH, PHUONG TRINH MAXWELL - AMPERE
10.2.1. Dong dién dich.

Trén day, ta da thdy ring moi tir trudng bi€n thién theo thdi gian déu
lam xut hién dién trudng xody. Phin tich cdc hién tugng dién tir khdc nhau,
Maxwell di di dén két luan ring phdi ton tai hién tugng nguoc lai 1a: “Moi
dién truong bién thién theo thoi gian deu lam xudt hién tiv truong” .

Vi tir trudng 12 ddu hiéu co bdn va tat yéu cia moi dong dién, cho nén
néu nhu dién trudng bi€n thién lam ph4t sinh tir trudng thi né ciing cé tic
dung gi6éng nhu mot dong dién. Maxwell goi dong dién d6 1a dong dién dich.
P& phan biét né vdi dong dién din 1a dong chuyén dong clia cdc dién tich.

Dong dién dich ciing ¢6 tinh chdt co bdn gidng dong dién din & chd né
giy ra tlr trudng trong khong gian quanh né, nhung khac dong dién dan & céc
tinh cha't kh4c.

D€ lam sing té ban chit khdi niém dong dién dich, chiing ta hdy xét thi
nghiém sau ddy. Mic mot mach dién nhu hinh (10-1) gdm mot tu dién C dugc
ndi véi ngudn dién mot chiéu U thong qua mot khéa chuyén mach S (1a ddo
dién cho phép d6i chiéu ngudn dién trong mach). PE phat hién trong mach c6
dong dién hay khong ta dung mot bong dén B lam chi thi. Vi tu C lam hé
mach nén béng den khdong sdng, trong mach khong c6 dong dién.

Tuy nhién néu ta xét trong khodng thdi gian ngin khi bit diu déng
mach hién tugng s€ khdc. Khi déng cong tic, tu s& dudc nap, dong nap cho tu
chay qua diy din va lam cho béng dén loé sdng. Dong nap s& gidm vé 0 khi
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tu da nap day. Bay gid néu ta ddo chiéu ngudn dién nhd ddo mach thi cdc ban
tu s€ dudc nap di€n ngugc lai. Trong mach lai c6 mdt dong di€n chay qua
nhung theo chiéu ngugc lai. Néu ta ddo chiéu ngudn dién mot cich lién tuc
thi trong mach s& c6 modt dong dién xoay chiéu chay qua vdi tin s6 bing tin
sO ctia chuyén mach. N&u tin s6 chuyén mach bing 50Hz thi dong dién trong
mach tuong duong nhu dong dién xoay chi€éu cong nghiép.

Ta thdy trong qué trinh ddo chiéu
ngudn dién, dién trudng giita 2 bin tu
bi€n thién lién tuc v6i cling tin sd.
Dong dién din trong mach dugc khép ! - - D
kin mach bing dién trudng bi€n thién
gitta 2 ban tu, vi Iy do d6 nén Maxwell
di goi dién trudng bién thién nay Ia
dong dién dich. Nhu vay, khic véi dong
dién khong d6i, dong dién bi&n thién ¢
thé “chay” qua dudc tu dién nhd dong
dién dich. U

Ta hiay tim m&i lién hé giita dong — }{ *
dién dich va dién trudng bi€n thién
trong vi du trén. Gid st & mot thdi diém Hinh 10-2
nao d6 sy phan bd dién tich trén 2 bin
tu nhu trén hinh v€ 10-2 v61 mat do dién tichla +ova -o. Ta ¢6:

+o ||| o

H_ E | -

L
&

Cuong dd dién trudng trong khodang gitra 2 ban tu ¢6 gia tri:
o

E= — (10-2)
&g,

Cam tng dién (hay diéndich): D = o. (10-3)

Dién tich toan phan trén mdt ban tu Ia:

O=0cS=DS (10-4)
Gia su tu dang phong dién. Dong trong mach c6 cudng do:
I :d_Q:S.d_U (10-5)
dt dt

Trén ban tu c6 dong dién v6i mat do:
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i=L_d9 (10-6)
S dt
Vi tu dang phéng dién nén dién trudng giita 2 ban ciing bi€n thién:
b _ do (10-7)
dt dt
Tu (10-6) va (10-7) ta co:
dD
j = — 10-8
7 (10-8)

Nhu vdy vé mit do 16n mat do dong dién din trong mach cé gid tri
S . dD A A « A DN 2 - A N N,
bdang dai lugng o ddc trung cho toc dd bi€n thi€n cua di€n trudng theo thdi
t
gian.
Néu xét ci vé phuong chiéu, trong trudng hdp tdng quit véc td cdm ng
uu
dién D con phu thudc ca vao toa do, do vady trong truGng hgp nay ta ding
dao ham riéng theo thdi gian:
u
oD uu
— =D (10-10)
ot

u
Maxwell da goi i; 1a méat dd dong di€n dich. La dai lugng c6 do 16n va

uu
huéng ctia dao ham véctd D theo thdi gian, tic la:
u 5;[) Ui
iy = — =D (10-10)
ot
Véi khdi niém dong dién dich ta thiy ring trong trudng hop tong quat
dong dién trong mach bao gid cling dudc khép kin biing dong dién toan phan.
Dong dién dich khong chi xuit hién trong 16p dién moi giita 2 badn tu ma ngay
ca trong vat din. That vay, n€u trong didy din c6 dong dién bién thién tifc 12
c6 tir trudng bi€n thién thi ¢6 dién trudng bi€n thién nghia 12 ¢6 dong dién
dich. Dong dién toan phin c6 mat do bing t(A;ng mat do dong dién din va
dong dién dich:
u rou r
i

L
, = L+i; =1 + D

i (10-11)

Ip

10.2.2. Phuong trinh Maxwell - Ampere.
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Giong nhu dong dién din, dong dién dich cling giy ra tif trudng ma
chiéu clia né ciing dugc xdc dinh biing quy tic vin nit chai. Trén hinh vé& 10-3
minh hoa cdc dudng suc tir gdy ra bdi dong dién dich gitta hai ban cia mot tu
dién tng v4i trudng hgp tu dang tich di€én (a) va dang phong dién (D).

N i N
vt
bt ?
oD oD
ot ot
a) b)

Hinh 10-3

Trong trudng hgp tdng quit, tir trudng dudc sinh ra bdi dong dién toan
phan, bao gdm c4 dong din va dong dich. Ta hiay tim m&i quan hé dinh lugng
giffa tir trudng va dong dién toan phan nhd dinh 1y Ampeére vé luu sd clia véc
to cudng do tu truong.

Xét mot vat din c6 dong bi€n thién chay qua. Luu sd clia véc td cudng
do tr trudng doc theo mdt dudng cong kin &~ xac dinh theo dinh 1y Ampere:

ur um
j) Hxdl = 1, (10-12)
’

Trong d6 I,, 1a cudng do dong dién toan phan xuyén qua dién tich gidi

han bdi dudng cong kin &~

uur
) un un r  5p |uu
Ta c6: Iy = [ i ds = I(z " EJdS (10-13)
S S
18 8 T o uu
Do d6: del — I(z + Z—D]ds (10-14)
t
< S

Luu Thé Vinh



- 162 - PIEN TU HOC

Bi€u thirc (10-14) dugc goi 1a phuong trinh Maxwell — Ampeére. Pay 1a
phuong trinh cd badn thit hai cla thuy&t Maxwell, néu 1én mdi quan hé dinh
lugng gitta dong dién toan phan va tir trudng, néi cdch khdc né néi 1én mai
quan hé gitra tir trudng va dién trudng bi€n thién. N&u bi€u dién dudi dang vi
phan (10-14) c6 dang:

+ = (10-14,2)

§ 10.3. HEi PHUONG TRINH MAXWELL. GIA TRI CUA THUYKT
MAXWELL.

Theo luan di€m ctia Maxwell thi tif trudng bié€n thién theo thdi gian lam
xuat hién dién trudng xody, ngudc lai dién trudng bi€n thién theo thdi gian
1am phdt sinh ra t trudng, d€n lugt minh tf trudng bi€n thién lai lam phat
sinh ra dién trudng. Ct nhu th€ dién trudng va tif trudng lién hé chit ché vé6i
nhau, chuyén héa 1an nhau, ching dong thdi ton tai trong khdng gian trong
mot trudng thong nhat 1 truong dién tir. Khii niém trudng dién tr dugc
Maxwell dua ra 1an dau tién, né 12 mdt dang tdn tai clia vat chit, cé nhitng
tinh chat hoan toan x4c dinh.

10.3.1. H¢ phuong trinh Maxwell.
1) Hé phuong trinh Maxwell thit nhat.

Hé phuong trinh Maxwell thit nhat thi€t 1ap trén c¢d sé phuong trinh
Maxwell — Ampere két hgp véi phuong trinh clia dinh 1y Ostrogradxki — Gauss
va dinh ludt Ohm du6i dang vi phan:

i
D dsS = q (10-15)

=0

Hoic bi€u dién dudi dang vi phan:
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rorH = 1 + 2
ot
divD = p (10-15,a)
‘D = g5, E
J =cE

2) H¢ phuong trinh Maxwell thit hai.

Hé phuong trinh Maxwell tht hai thi€t 1ap trén c¢d s& phudng trinh
Maxwell — Faraday két hgp v6i phuong trinh dién td tinh chit xody cla tir
trudng bang dinh 1y Ostrogradski — Gauss:

LT o .
g) Exdl = - 0
7 s

‘B uw
BdS

t

CE

=

e 10-16

=0 (10-16,a)

Hé phuong trinh Maxwell 12 hé phuong trinh tdng quat clia dién tr
trudng, né gitp ta xdc dinh dugc moi tham sd vatly clia trudng.

10.3.2. Gid tri cuia thuyét Maxwell.

Thuy&t Maxwell vé dién tir trudng c6 vai trd dic biét quan trong trong
su phdt trién cta dién tir hoc. Trudc Maxwell, nhitng hi€u bi€t clia con ngudi
v€ cdc hién tugng dién va tir con rJi rac. Ngay dén khodng nim 1820, ngudi
ta vin con quan niém ring dién va tir 1a hai hién twdgng khic nhau, khong cé
li€n hé g1 v4i nhau.

Niam 1820, thi nghiém cta Osted da ching tO ring giita dién va tr ¢
li€n quan vdi nhau, dong di€n ciing sinh ra tr trudng. Sau do 1a nhitng nghién
citu clia Ampere vé cdc hién tugng dién tir, 6ng di dua ra gia thuyét vé€ sy tdn
tai cua cdc dong dién phin t& 1a nguyén nhidn giy ra tir tinh cia cdc nam
cham vinh cttu.
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Ti€p dén 1a nhitng phat minh 16n cia Faraday vé hién tugng cim ng
dién tir. Ong cho ring n€u dong dién sinh ra tir trudng thi ngudc lai tir trudng
cling c6 th€ sinh ra dong dién. Biing thyc nghiém Faraday dd chitng minh
dugc diéu dé. Pinh luat cAm @ng dién tir 12 mot trong nhitng dinh luit cd bdn
clia tit cd cdc mdy dién.

Trén co s§ cac phat minh cia Faraday, Ampére va nhitng hi€u biét vé
dién tu truGc do, Maxwell da tf;ng quat hoa cdc hién tugng di€n tu trong mot
ly thuyé&t dinh lugng, ding cdng cu todn hoc thé hién bing cic phuong trinh
Maxwell.

Céac phuong trinh Maxwell bao gdm moi dinh luit cd bdn cda dién
trudng va tir trudng. Do vay né 13 nhitng phuong trinh cd ban, tdng quat clia
di€n ti trudng trong cdc moi trudng dirng yén.

Thuy€t Maxwell khong nhitng gidi thich dudc cdc hién tugng da biét
ma con tién dodn dugc nhiéu hién tuong mdi, quan trong. Gid thuyé&t hoan
toan mdi trong thuy&t Maxwell 12 gid thuyét vé tir trudng clia dong dién dich.
Trén co s& d6, Maxwell da tién dodn bing 1y thuyét sy ton tai clia séng dién
tlr, tifc trudng dién tir trudng bién thién, truyén trong khong gian véi van tdc
xac dinh.

Viéc nghién cttu bing ly thuy&t nhitng tinh chit clia séng dién tir da
dua Maxwell dén viéc xay dung thuyét dién tir vé 4nh sing. Theo thuyé&t ndy
thi 4nh sdng la song dién tur.

Nhitng nghién ctu bing thuc nghiém sau d6 ctia Hezt, Popop... di
khang dinh su ton tai clia séng dién tir. Cac thi nghiém vé quang hoc ciing da
khiang dinh sy ding din vé ban chit dién tif clia 4nh sdng. P6 1a nhitng bing
chitng cu thé€ vé nhitng thanh cong clia thuy&t Maxwell.

§ 10.4. TINH TUGNG POI CUA TRUONG PIEN TU
1) St chuyén héa tuong hd giita dién trudng va tir trudng gay nén do su

bi€n thién theo thdi gian clia cdc trudng. Hién tugng trén con ¢ thé x4y ra do
chuyén dong tuong ddi ctia cdc hé quy chi€u qudn tinh.

|

s N | >V

Sl

Hinh 10-4
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Gi4 st c6 mot dién tich q >0 chuy&n dong v6i van tdc v trong mot tir
trudng B (hinh 10-4). N&u nguol quan sat ding y€n so v4i tor trudng thi dién
tich q s€ chiu tdc dung mot lyc Lorenzt:

f =q[vAB] (10-17)

Trong d6 v 12 van tSc chuyén dong tucng d6i ciia dién tich q doi véi tir
trudng, con véc to cam tng tit B =y H .

Né&u ngudi quan sat chuyén dong cling vdi dién tich thi ddi vdi ngudi
quan sit dién tich q 1a ddng yén, nén trong hé quy chi€u clia ngudi quan sit
dién tich g s€ tao ra quanh né mot di€én trudng E . Mit khéc van ton tai luc
tdc dung / nhu th€ 1én dién tich. Pidu d6 ching 6 ring d6i v6i ngudi quan

sat di€n truong tdc dung, cé gid tri:
F=L [vAB] (10-18)

—

bién truGng nay c6 phuong vudng géc vii v va B

Nhu vay, trudng dién tif phu thudc vao hé quy chi€u ta xét. N&u trong
mot hé quy chi€u nao dé c6 tir trudng thi trong mdt hé quy chi€u khic chuyén
dong tudng ddi v6i né c6 ca tir trudng va dién trudng.

1) Bién ddi Lorenzt ciia truong dién tir.

Xét 2 hé quy chi€u O va O’, trong @6 O’ chuyén dong tuong ddi doc
theo truc Ox vé6i van toc khong ddiv (hinh 10-5).

b

y

o|————

=V

Hinh 10-5

Gia st trong hé quy chi€u O c6 mot tir trudng ma tai mot di€m M nao
d6 c6 céc gid tri Hy (H,, H, H,). Ciing tai M nhung n€u xét trong hé quy chi€u
O’ do chuyén dong tuong d6i v6i O nén sé& xuat hién dién trudng c6 cdc thanh
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phan Ey (E,, E,, E.). Bdy gi5 4p dung cong thic (10-18) va chd y ring van tdc¢
v ¢6 cdc thanh phan v {v,0,0}, ta thdy ring cdc thinh phin cia dién trudng

trong hé quy chi€u O’ sé& c6 gi4 tri:

E =0
E, = -vB, (10-19)
E, = vB,

Né&u trong hé O con cé cid dién trudng E{Ex,Ey,EZ} thi trong hé¢ O’

dién trudng toan phan sé& 1a:

E. =E,
E, = E,~vB, (10-20)
. = EZ+VBZ

2) Mot ciach hoan toan twong ty nhu trén ta thdy ring trong cdc hé quy
chi€u chuyén ddng tuong d6i d6i vdi dién trudng sé xudt hién tlr trudng.
Thuc vay, ta hady xét mot dién tich
g chuyén dong vdi van v ddi vdi ngudi 69 g>0
quan sat, di€n tich nay s€ sinh ra mot tur "
truong (hinh 10-6):

_— —

- _ q [v-r]
H=—. 10-21
472' r3 ( )

trong hé quy chi€u cltia ngudi quan sat.
Nhung ddi v6i ngudi quan sit clng
chuyén dong véi dién tich ¢ thi dién tich
lai sinh ra mdt di€n trudng:

Hinh 10-6
E=—1_.7} (10-22)
4reqr
hay: D=-1_.7 (10-22,a)
dxr
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Nhu vay c6 thé vist:  H =[v -D ] (10-23)

trong d6 v 12 van tdc tuong ddi cla dién trudng D ddi v6i hé quy chi€u
trong d6 ta do tf trudng H . K&t qué ndy ¢6 tinh chat tdng quat cho mot dién
trudng batky.

Vay: “Néu trong mot hé quy chiéu nao dé cé dién truong thi trong cdc
hé quy chiéu chuyén dong twong ddi vdi né cé cd dién truong va tix truong” .

3) Ta hidy xét 2 hé quy chi€u O va O’, trong d6 O’ chuyén dong tuong doi

d61 v6i O véi van tde v theo truc Ox.

Trong hé O c6 dién trudng tic dung, gia tri trudng tai mot diém M nao
do co gia tri: {Dy, Dy, D,).

N&u xét trong hé quy chi€u O, ta thi'y dién trudng chuyén dong tuong
d6i v6i nd vé6i van tde - v {—v,0,0}. Do d6 trong hé nay xuat hién tif trudng
H' véi céc thanh phan { H,', H,, H,'}. Ap dung cong thitc (10-23), ta c6:

H.,'=0
Hy' = +vD, (10-24)
HZ' = —vDy

Né&u trong hé O ngoai dién trudng con cé cd tir trudng H tic dung véi
cdc thanh phan {H,, Hy, H,} thi tif trudng toan phan trong hé¢ O’ s& 1a:
H)C ' = H.X
H'=H,+vD, (10-25)
H'=H,-vD,

Céc cong thiic (10-19), (10-20), (10-24) va (10-25) 12 cdc phép bién ddi
th€ hién sy bi€n ddi cla dién tir trudng trong cdc hé quy chi€u qudn tinh.
Chiing chi ding trong trudng hop cic dién tich chuyén dong chim. Do d6 cic
cong thic trén chi 1a cdc cong thic bién ddi trudng dién tir trong cdc hé quy
chi€u chuyén ddng chAm (so v6i van tdc 4nh sdng).

P6i v6i ciac hé chuyén dong véi van téc 16n, nhitng bi€u thic trén
khong dp dung dudc. Trong trudng hdp do ta phai 4p dung céc cong thic bi€n
ddi clia thuyét tuong d6i. Theo nguyén 1y tuong d6i cia Enstein, cdc bi€u thirc
bi€n ddi phai thda min nhitng diéu kién bit bi€n tuong d6i tinh, ma nhitng
bi€u thic vira thu dugc khong thda man tinh bat bi€n nay.
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Trong trudng hop tong quat, bing cdch 4p dung nguyén ly tuong ddi doi
vdi dién tir trudng trong cidc hé quy chi€u qudn tinh ta thu dudc cdc cong thitc
bi€n ddi sau:

. . Ey—vBZ , Ez+VBz
E. = Ex,Ey = ———,E = —— (10-26)
2 2
1——2 1——2
C C
: , H +vDZ , H_ —vD
H =H H =—2——2*% H = _—%*_2% (10-27)
* Y 2 < 2
% V
1——2 1——2
c c

P6 13 nhitng cong thic bi€n ddi Lorentz clia trudng dién tir. Cac dai
lugng E, D, B, H do trong hé O, con E’, D’, B’, H’ do trong hé¢ O’ Chuyén
dong tuong ddi v6i van toc v doc theo truc Ox.

§ 10.5.DAO PONG PIEN TU CUA MACH
10.5.1. Dao dong ciia mach kin.

Xét mot mach dao dong LC. Gia sit cdc tham sd ctia mach 1a tAp trung,
dién trd toan bd diy noi 12 R (hinh 10-7). P€ don gidn ta gid si cdc qud trinh
x4y ra trong mach 1a chuin dirng, nghia 13 cdc gi4 tri titc thdi ctia dong dién 1a
nhu nhau & moi di€m ctia mach, va ta c6 thé 4p dung dinh luat Kirchhoff cho
cdc gid tri tdc thdi cua cdc dai lugng dién trong mach.

Gia st mach dang dao dong, xét thoi

di€m tu dang phéng dién, goi dong phdng 1a —

i taco: N
B dq _:: ¢ L I
S dr

(c6 dau trir vi dién tich ¢ gidm theo
thGi gian)

) Hinh 10-7
Ap dung dinh luat Kirchhoff cho mach
kin ta c6:
u-+iR = —Lﬁ (10-28)
dt
. 2
Thay : Uy = %; %:—%, ta dudc:

Luu Thé Vinh



PIEN TU HOC - 169 -

2
d_zq_|_Rd_+i =0
dt dt C

d’q , Rdg , ¢

hay: — =0 10-29
Y d> Ldt LC ( )
bat: azi, w° =——, ta cé:
2L LC
G+2aq+w’q=0 (10-30)

Phuong trinh (10-30) 12 mdt phuong trinh vi phan tuyén tinh bac 2 doi
vdi g, d€ gidi can xét cac diéu kién ban diu sau:

t:O,quO,i:@ :O
dt t=0

Ta xét mot s6 trudng hop sau:
1) Gid thiét dién tré mach bang khong: R=0,a = % =0,
Phuong trinh (10-30 tré thanh:
j+aw'qg=0 (10-31)
Nghiém tong quét clia (10-31) c6 dang:

g=Acos(wt+ @) (10-32)

. N . 1
Trong d6 A la bi€n do dao d0ng, wla tin s6 goc ® = —

iTek
Chu ky dao dong : T :2—7[ = 27 ~LC . A va ¢ dugc xdc dinh bing cdc
0]

diéu kién ban diu:

t=0,g = Acos ¢ = Qy

4q = —w Asin (@ t+gp)‘ . =—w Asinp=0
dt t=0
Tir d6, nghiém tdng quit cia phudng trinh (10-31) sé& Ia:
qg=Qycos ot (10-33)

Tur (10-33) ta ¢6 quy luat bi€n thién clia dién dp u va dong dién i la:
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w=2=L- %cos wt = Uycosawt (10-34)
C C

. dg ) )

i = i —wQ,sinwt =—1, sinwt (10-35)

Céc k&t qua (10-33) (10-34) va (10-35) cho thdy ring trong mach x4y ra
qud trinh dao dong cla cdc dai luong g, u va i theo quy luit diéu hoa, nhung
dong dién nhanh pha hon hiéu dién th€ mot géc n/2. Py 1a trudng hgp 1y
twdng, mach dao ddng tu do, diéu hoa va khong tit.

2) Xét mach dao dong thiic te.

V6i mach dao dong thuc t&€ ( R # 0) . Phuong trinh dao dong ctia mach
dudc viét dudi dang day da:

2
d—g+£@+i:O hay:
dt© Ldt LC
2
% + 205% + @’q =0 (10-36)
t

Nghiém (10-36) phu thudc tuong quan gilta cidc dai lugng, ta xét cac
trudng hgp sau:

a. Truong hop : o >a.
Nghiém (10-36) c6 dang:
g=2Z.e “ (10-37)

Trong d6 Z la mot ham s6 phu thudc thdi gian. LAy dao him bic nhat
va bac 2 clia g theo thdi gian t ta co:

4q. _ ~—aZe * + A2 -
dt dt
2 2
d_;] _ a2Z -at 2ad_Ze—at + d ZZe—at
dt dt dt
Thé vao phuong trinh (10-37) va rit gon 2 v€ cho e *' ta dugc :
2
‘;—ZZ + (@ —a®)Z =0 (10-38)
t
Phuong trinh (10-38) ¢6 nghiém:
Z = Acos(w, t+¢@). (10-39)
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2

Véi w, = \(o - a?); ta c6 nghiém téng quat:

q=Ae “"cos(w,t+p) (10-40)
A va ¢ ciing dugc xdc dinh tif cdc di€u kién ban diu nhu trén (A = Q,,
@ =0), do do:
q = Qye “'cos(w,r) (10-41)
Nghiém (10-41) cho thdy day 12 mot dao dong tit dan vSi bién dd gidm
theo quy ludt hAm mil. o goila hé s6 tdt dan cla dao dong, a cang 16n dao
dong tit dan cang nhanh. Trén cdc hinh (10-8, b, ¢) cho thdy 2 dao dong tit
dan v6i a khac nhau. Biéu thic c6é chita cos (w,t) chitng té dao dong tit dan
theo quy luat hinh sin. Goi T 1a chu k¥ clia dao ddng tit din, ta c6:

A S 27 (10-42)

@, \/ ot — o 1 R\
LC \2L
So sdnh véi trudng hgp mach khong c6é dién tr§ thuin ta thdy sy c6 mit
cia R da lam cho chu ky dao ddng cliia mach ting 1én. VGi a<<w, R<<L ta

c6 k&t qua:
T =2rx~LC

2. Truong hop a’>w.
Nghi€ém phuong trinh (10-36) c6 dang:
g =AM 1A "R (10-43)

Trong do: k —a+Va’ -w* va k, —a—\a’ -’ ; A va A; 1a céc
hiing s6 dudc xdc dinh tir di€u kién ban dau. Sau khi thay nghiém nay vao
phuong trinh (10-36) va thay cdc diéu kién ban dau néi trén ta co:

k. ki
by —ky” b=k,
va: q = le—Okz

Al = _Qo Az = Qo

—k2[ _kl t

(ke > —kye ) (10-44)

Nghiém (10-44) t'ng v61 mOt qué trinh khong dao dong (hinh 10-7, d).

N&u dién trd clia mach rdt 16n, o >>@” thi k;>>k, nghiém trén trd
thanh:
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g=0,¢" (10-45)
D6 1a trudng hdp biéu dién trén hinh (10-8, e).
qa
T
g = Qy cos wt a) O >

qg=Qpe ™ cos ot

CANAAAA

_—
S~
S~
v
N

. /

/
-
~Y

——
k k d) 0 :t
—Knt —K1t
g = 0 (kl 2 —k2€ 1 )
kl_kZ
S~—
—
e) O >
t
N
\\
\\~ kle 2!
\\x\
\\\‘\~~-
_ —kzl N T T -
qg=0e pob—m8 >
_--c t
- -kt
e )
'
4
Hinh 10-8

Nhu vy, diéu kién d€ mach c6 thé dao dong 1a: o > a?, tifc 1a:

1 R’
LC =~ 4L
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Hay R<?2 /é (10-46)

10.5.2. Sy chuyén hoa ndng lugng trong dao dong dién tir.

Xét v& mit ning luong, qué trinh dao dong dién tir trong mach LC 1a
qud trinh x4y ra su chuyén héa giita ning lugng dién trudng trén tu dién va
nang lugng tu trudng trén cudn day.

Thuc vay, xét trudng hgp mach dao dong 1y tuéng (R=0). Gia s trong
mach dang xdy ra dao dong. Goi i 12 dong trong mach & thdi diém ¢ tuong tng
v6i dién tich trén tu dién lic nay 13 ¢, ta c6 niing lugng toan phan W trong
mach la:

2

1 2 16]
W =W, +W, = —-Li"+——=const 10-47
ntWe =75 > C ( )
2 .
Tir d6: W _ A\l p a4 adg
dt dr| 2 2C dt C dt
: 2
Néu thay : 4q i va a_ d— ta dudc:
dt dt  df’
dzq 2q 1
L—+—¢g=0, hay: —+—¢q=
a7 q Y 2 "I q
Biy gid dit @® =—— ta sé& tim lai dugc phuong trinh (10-31)
d*q
F+w2q:o, ticla: § +w’q=0 (10-48)
t

Nghiém cta (10-48) c6 dang:

q= Qpcos(ot+ @)
Dong trong mach tuong ng:

I = dq — Q) sin(wt + @)
dt
- Nang lugng dién du trit trong mach dao dong & thdi di€m t:
1 q Q()
=— cos” (wt + 10-49
E=5 0 "o (o1 + ) ( )
- Nang lugng tu dy trit trong mach dao dong & thdi di€m t tuong Gng:
W, :%Lﬁ :%Laf sin®(wr + @) = Qg sin®(wt + @) (10-50)
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Do thi biéu di€n cdc ham (10-49) va (10-50) trén hinh (10-8) cho thdy
quy luat bi€n thién niing lugng dién tir & trong mach dao dong LC.

A
Wy Wkg
2 ....................................................
%
2C
0 : : : : : : >
172 T 371/2 t

Hinh 10-9. Bién thién ndng lugng dién tix trong mach dao déng

Tir do thi hinh (10-9) ta thdy 16 qu4 trinh chuyén hda ning lugng dién tir
trong mach dao dong:
1. O thoi diém t bat ky, tong ning lugng dién trudng va tir trudng 1a
khong d8i va ¢ gid tri bing Q°/2C.
2. Céc gid tri cuc dai ciia Wr vd Wy biing nhau va bing Q°/2C.
3. Khi ndng lugng tor trudng dat gid tr1 cuc dai thi ndng lugng di€n
trudng bing khong va ngudc lai.

10.5.3. Dao dong cuiia mach hd, anten va su biic xa song dién ti.

Mach dao dong LC xét & trén 12 mach dao ddng kin. Dao ddng trong
mach s& khong bifc xa nang lugng ra bén ngoai, vi ning lugng di€n trudng chi
tap trung gitta hai ban tu dién, con niang lugng tir trudng chi tip trung trong
long cudn day.

PE c¢6 thé biic xa ning lugng ra moi trudng xung quanh ngudi ta ché tao
cdc mach dao dong hd bing cdach Iam cho cdc bdn tu cdch xa nhau va cudn
diy c6 cdc vong ddy xa nhau. Vi cdch 1am nhu vdy, mdt phan dudng siic
dién trudng va dudng stc tif trudng s& di ra bén ngoai mach. Mot phan niing
lugng clia mach sé bitc xa ra khong gian xung quanh. Mach bifc xa cang nhiéu
néu né cang hd. Trong trudng hdp gidi han, mach c6 dang mot day din thang
(hinh 10-10), n6 dudc goi la “anten”. Khac v4i trudng hgp mach dao dong kin
12 mach c6 cdc thong s6 (L,C) tap trung. Anten 12 mdt mach dao dong c6 céc
thong s6 phan bd. PO tv cdm clia anten xdc dinh bdi do tu cdm cia tirng doan
diy dan, con dién dung cla anten dugc xdc dinh bdi dién dung giita cidc phin
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clia n6. Nhu vay anten ciing 12 mdt mach dao dong c6 tan sd riéng hoan toan
xac dinh.

Hinh 10-10

Khi trong anten c¢6 dao dong di€n tu thi c6 cdc dién tich tu do dich
chuyén trong né giy ra & khong gian xung quanh mot dién tir trudng bién
thién. Pién tr trudng ndy lan truyén trong khong gian vdi van tdc xdc dinh
dudi dang séng di€n tu.

Trén hinh 10-11, @ minh hoa hinh dnh cdc dudng stc dién trudng trong
mit phing chia anten, con trén hinh 10-11, b cho ta hinh dnh dudng sic tir
trudng trong mit phing vudng géc véi truc anten tai mot thi di€m nao do.

C6 thé nghién cifu sy bifc xa séng dién tir diy di va chinh xdc nhd viéc
gidi cdc phuong trinh ctia Maxwell. Bing 1y thuy€&t va thuc nghiém cé thé xdc
dinh dugc nhitng tinh chit clia séng dién tir. 0] gin anten séng dién tir c6 dang
phic tap, nhung & xa anten, trong mién séng, trudng dién tir c6 dang tuong doi
don gidn. Mit diu séng 1a mit cAu, § mdi diém trong khong gian, véc to dién
trudng E va tif trudng H ludn vudng géc véi nhau va vudng géc v6i phuong
truyén séng. Ba véc to E, H, v theo thit tu hgp thinh mdt tam dién thuin.

Luu Thé Vinh



-176 - PIEN TU HOC

Hinh 10-11

§ 10.6. SONG PIEN TU TU DO
10.6.1. Su lan truyén séng dién tir .

Séng dién tir khi lan truyén trong khong gian khong c6 vat dan va dién
tich goi 1a s6ng di€n tur ty do.

Gia st tai mot di€m O nao dé trong khong gian, tai d6 c6 dién trudng tu
do E . N&éu khong c¢6 dién tich dé€ duy tri n6 thi dién trudng ndy sé bi&n mat.
Nhung theo thuy&t Maxwell, dién trudng E bi€n thién giy ra tir truong H. Vi
E gidm, nén dong dién dich ¢6 mat do g:goz—f hudng nguge chidu E, va
dudng sic tir trudng huéng theo chi€u kim dong hd né&u nhin tr trén xudéng
(hinh 10-12). Nhung vi trong mdi trudng khong c6 dong dién khong ddi d€ duy
tri nén t trudng s& mat di va gdy nén dién trudng El . El c6 dudng sttc huéng
ngudc chiéu kim ddng hd nhu hinh vé. E, 1am triét tiéu £ & O va lam xuat
hién dién trudng & 1. Khi £ & 1 bi€n mat né 1am xuat hién tf trudng H, ciing

huéng theo chiéu kim déng hd nhu H. H, 1am triét tiéu H va lam xuat hién
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tlf trudng xa hon. H, bi€n mat 1am xudt hién E, v.v... Nhu vdy, ban didu ¢ O
ta c6 dién trudng bi€n thién, ngay sau d6 xudt hién cd tr trudng va dién
truong & khong gian xung quanh. Pién truGng va tr trudng lién hé chit ché
vdi nhau, chuyén héa 1in nhau va lan truyén trong khong gian tao thinh séng
dién tur.

N -
E, E,
-~a ,"\
e \ g \
- -|= -=
- \ s A
E 4 ’// ]

| /| 7
2
TR EAN
—>: 5o -
o | . 1 l'l
ld* ld* d y
Hinh 10-12

Ta ciing thdy ring trong qud trinh chuyén héa giita dién trudng va tir
trudng cdc véc td Eva H ludn vudng gbéc v6i nhau va vudng géc vSi phuong

> o o

truyén séng . Ba véc td E, H,V 1ap thAnh mot tam dién thuén.

Ta s& khdo sdt su lan truyén séng dién tir tv do mdt cach chi ti€t hon
bing cdch 4p dung cic phuong trinh Maxwell.

V6i gid thi€t séng dién tif tv do, nén trong khong gian khong ¢6 vat dan,
tic la =0 va i =0. Ngoai ra vi khong c6 di€n tich tw do nén p= 0.

Ta gidi han viéc xét séng dién tir phang (mit dau séng phing). Khi d6
cadc véc td E va H chi phu thudc vao mot toa do khdong gian va vao thdi gian.
Trudng hdp nay x4y ra khi xét séng § rat xa ngudn, lic nay trong mot mién
dd hep, mit diu séng c6 thé xem 1a phing.

Gia sit xét sy truyén séng theo phuong truc x. Lic nay mit dau séng la
nhitng mit phing vudng géc véi truc x, trong d6 gid tri clia cdc véc td Eva H
tai moi di€m trén mit phang & cling mdt thdi di€m sé& cé gid tri khong d6i. Do
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d6 dao ham riéng phan clia Eva H theo cdc bi€n y va z trong hé phuong trinh

Maxwellsé€ triét ti€u.

Nhu vay, hé phuong trinh Maxwell viét cho séng dién tir ty do phiang sé&

c6 dang nhu sau:

— H¢ phuong trinh Maxwell thit nhdt:

0=z, Lx
ot
u OF oH OF
rot H=g¢,— hay {——F%=gg,——
ot Ox ot
oH OE
Y = g€, 2z
ox ot

um
divD =0, hay 86‘0%:0
ox

Vi ¢1a hiing s6 dién moi cia moi trudng

— Hé phuong trinh Maxwell thit hai:

uur

u
rot £ =— py, %—H hay
t

u
divB=0 hay pyu,

Véi p1a @6 tir thAim clia mdi trudng.

10.6.2. Cdc tinh chdt ciia séng dién tit tu do.

0=z o,
ot
681? = Hiy %
%:—ﬂﬂo a;z
LAY

(10-51)

(10-52)

(10-53)

(10-54)

Tur c4dc phuong trinh Maxwell vira tim dudc ta sé& khdo sdt c4c tinh chat
clia séng dién tir ty do. K&t hgp cdc phuong trinh (10-51,a), (10-52), (10-53,a)

va (10-54) ta c6:

OF _ OH _0 va OE, _ OH
ox Ox ot ot
Tic la: E. = const, va H, = const.
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Céac dai lugng E, va H, khong phu thudc vao toa dd va thdi gian. o) day
ta chi xét dién tir trudng bi€n thién, nén dién trudng va tir trudng khong thé c6
thanh phin khong ddi theo phuong truc x, nghia 1a E, = H, = 0. Séng dién tir
khdng cé thanh phin dao dong doc theo phuodng truyén séng, do vdy séng
dién tr 1a song ngang.

Bay gid ta hdy sdp x&€p bon phuong trinh con lai trong hé phuong trinh
Maxwell: (10-51, b, ¢) va (10-53, b, c¢) thanh hai hé doc 1ap. Mot hé lién hé
thanh phin trén truc y clia dién trudng vdi thanh phan trén truc z cla tir
trudng:

OE,  oH.
g6y —>=——2%
ot ox
(10-55)
OH.  OF,
S P YR

Hé tha hai lién hé thanh phin trén truc z cla dién trudng v6i thanh
phin trén truc y cla tif trudng:

OE. OH
g6y —=—=
ot ox
(10-56)
OH, OE,
Hiy o P

Hé phuong trinh (10-55) cho thdy rang bi€n thién clda dién trudng E,
theo thdi gian chi lam xuat hién tir trudng H. theo phudng truc z, ngugc lai,
bién thién theo thdi gian cla tif trudng theo phuong truc z chi 1am xudt hién
dién trudng E, theo phuong truc y. Pi€u ndy c6 nghia la cdc véc to EvaH
luén vudng géc vdi nhau va vuéng géc véi phuong truyén séng. Ta cling rit ra
k&t ludn tuong tu tir (10-56).

Hai hé phuong trinh trén cho ta hai nghiém doc 1ap. Ta chi gidi han xét
séng phan cuc phéng, 1a séng ¢6 céc véc to dao dong (E va H) ludn niim trong
mot mit phang xdc dinh, vudng géc véi nhau va vudng géc vSi phuong truyén
song.

Biing cich chon hé toa do thich hop ta c¢6 thé cé nghiém ciia phudng
trinh s6ng trong d6 véc ta E song song vdi truc y, va nhu thé véc td H song
song vdi truc z. Nghia la:
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E,=FE E. =0 va: H.=H H,=0.
Phuong trinh Maxwell cho séng phan cuc phang nay 1a:

OE OH
gy —=——""  a)
ot ox
(10-57)
” OH OFE b)
6t  ox

Bay gid 14y dao ham hai v€ (10-57, a) theo thdi gian, sau d6 nhan hai
V€& V6w, ta dugce:
0’E 0’ H

cEEN——— = —
HHy - €& o7 Ml o1

LAy dao ham hai v& (10-57, b) theo toa do x ta dudc:
O’E O°H
o o

Tu d6 rut ra:
O’E_ 1 O0E
or*  egopuply Ox*

(10-58,a)

Lam tudng tu v6i (10-57,b), ta ciing riit ra phuong trinh ddi véi H:
O’H 1 &°H
orr  esouy 0x*

(10-58,b)

Trong co hoc, ta dd xét nhitng phuong trinh vi phdn c6 dang tdng quat:
’A 1 0°A
orr v ox?

Pay 1a phuong trinh truyén séng, dién ti nhitng séng lan truyén trong
khong gian vdi van tdc truyén séng 13 v. Mot dai lugng A nao do, néu thda
min phuong trinh truyén séng thi né dién ta su lan truyén trong khong gian
dudi dang séng. Nghiém clia nhitng phudng trinh séng c6 dang tdng quat:

A=fx-2)
A%

A =fx+2)
A%
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Trong d6 A; dién td séng lan truyén theo chiéu duong cla truc x, con A,
dién t4 séng lan truyén theo chiéu am.

Nhu vay, cdc phuong trinh (10-58) dién ti qud trinh séng, trong d6 dién
trudng E va tir trudng H lan truyén theo phudng truc x. D6 chinh 12 séng dién
tir.

Nghiém cta (10-58) c6 dang:

E=ftTO)H=gtTD)
v v

bédt nghi€ém nay vao phuong trinh séng ta dudc:
1 1 1

c
y= = : =
\/ &8 o \/ €0ty @ @

Trong d6 c 12 dai lugng c6 thit nguyén ctia van toc.

(10-59)

Bay gi¢ thay gid tri & dudc xdc dinh bang thuc nghiém:
1 F

Eg R ———5 —
"7 47.9.10° m
va gid tri da biét cla
7 H
ty = 47107 =
m
Ta co:

¢ = — 2310 m/s. (10-60)

Véoko
Ta thdy ¢ c¢6 gia tri bing van tdc clia 4nh sdng trong chin khong. Nhu
vay trong mdi trudng c6 hiing sd dién moi ¢ va do tir thim g, vin toc lan
truyén séng dién tir 1a:

p = - < (10-61)
NET
Trong d6 n 12 chi€t suit clia moi trudng.
Trong chan khong, e =1, u =1 nén v = c. D6 1a bing chitng vé tinh ding
din cda thuyét dién tir vé dnh sdng.

S

Gid st xét trudng hgp don gidn nhat 12 séng c6 dang hinh sin truyén
theo chiéu duong cia truc x:

E=E,cosm(t—2) (10-62)
1%
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Dé thay ring (10-62) 1a nghiém ctia phudng trinh (10-58).
Bay gid ta hdy tim bi€u thic cho tir trudng H. Thay (10-62) viao phuong
ttrinh (10-57, a) ta co:

oF ) X
—=—wE,sinw (t ——
ot 0 ( v)
OH oF ) X
—=—g5n—=&sE,SINw (t ——
Ox 0 ot 070 ( v)
va H :J‘a—de:ggOa)EOJ‘sina)(t—i) dx
ox y

X
=gggvEycosw(t——) + C,
1%

trong d6 C 1a hiing so6 tich phan. Ta chi xét cdc qud trinh dao dong nén

c6 thé bd qua C va cho C = 0.

Thay gid tr1 v = L
V&€ HH

H= |22 E cosw(t-2) (10-63)
Hidy 4

So sdnh (10-62) va (10-63) ta thdy:

_ Pién trudng E va tif trudng H ludn ludn bién thién ciing pha véi
nhau. Khi E cuc dai thi H ciing cuc dai, khi E bing khong thi H ciling bing
khong.

— Trong s6ng di€n tr véc to di€én truGng Eva véc to tir trudng H c6 gia

, ta co:

tri ty 1& vSi nhau:
ey E=\ g H (10-64)

Hinh 10-13
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Trén hinh (10-13) 12 bic tranh cho ta thidy sy lan truyén séng dién tir
theo phuong truc Ox.

§ 10.7. NANG LUQGNG SONG PIEN TU

Séng dién tir 1a dién tir trudng bié€n thién lan truyén trong khdng gian
theo thdi gian. Vi dién trudng va tir trudng 12 nhitng dang ton tai clia vat chat
va ching c6 ndng lugng, cho nén séng di€n tr ndi riéng hay di€n tr trudng nodi
chung c6 mang ning lugng. Qué trinh truyén séng chinh 12 qu4 trinh truyén
ndng lugng di€n tu.

Ta hay tinh ning lugng séng dién tir giti qua mot di€n tich AS trong mot
thai gian Ar. Xét mdt hinh hdp xién, c6 ddy AS, canh tring vSi phudng cla
van toc v va c6 chiéu dai clia canh 13 v.4¢ (hinh 10-14).

Thé tich hinh hop 1a: AV = AS.vAt. cos «, trong d6 o 1a géc gifta phdp
tuyén n ctia AS va van tdc v.

< vAt

\

Hinh 10-14

Vi trong thdi gian At séng di dugc quanng dudng v.At, do d6 ndng lugng
séng glri qua AS chinh bing ning lugng séng chita trong hinh hdp chit nhat.
Né&u goi w 12 mat do ning ludgng dién tir trudng thi:

AW = wAV = w. AS.vAt cosa

Mait dd ning lugng séng dién tir bao gdm mait dd ning luong dién
trudng va tu trudng:
w = %(880E2+yy0H2)

Maitkhdc, ta ludn ludn co: \Jegy E =y, H , cho nén:

w :580E2+,uy0H2 =\J&U \Jsoly - EH
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Ma: ,nén ta co:

|
V=——FF—09>—D«e-—
\VEEHH
AW = E.H.S. cosa. At
Nhu vay ndng lugng di qua AS trong mdt don vi thoi gian la:

A—W = EHS cosao

At
Ta c6 thé viét lai k€t qua trén bing cdch dua vao véc to mat do dong
9
ndng lugng P x4c dinh nhu sau:

P = [E-H] (10-65)

Vicédc véc td E va H ludn vudng géc v6i nhau va vudng goc véi phuong

- -
truyén séng v ,nén P = E.H, véc td P vudng goc véi ca E va H, c6 phuong
%
chiéu trung véi véc to van téc v . Do dé ta c6 thé viét:
AW
— = PAS (10-66)
At

%
trong d6 P, = P cosa 1a hinh chi€u clia véc td P 1&én phuong phap tuyén
clia AS. N&u = 0, tifc AS vudng géc véi phuong truyén séng thi P, = P.
Viét lai (10-66) véi viéc chon At rat bé ta c6:
aa—W = PAS (10-66a)
t

Nhu vay, c6 thé dic trung cho sy truyén ning lugng mot cach day du

bing cdch dung véc td ;’) Huéng cia ; 12 huéng truyén ning luong. Gid tri
clia P bing ning lugng truyén qua mot don vi dién tich dit vudng géc véi
phuong truyén séng trong mot don vi thdi gian.

Khdi niém véc td mit do dong dugc Umop dua ra khi xét sy truyén
ning lugng trong cdc mdi trudng, con bi€u thitc (10-65) duge Pointinh dua ra

_)
cho trudng hgp séng di€n tu. Do d6 véc td P dudc goi la véc td Umdp-
Pointinh.
Né&u vé trong trudng dién tir cdc dudng cong sao cho tiép tuy€n tai mdi

_)
di€m trung vdi véc td P, thi cdc dudng d6 biéu dién dudng truyén ning lugng
dién tu va dudc goi la duong dong ndng lugng.
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Anh sdng chinh 13 séng dién tir, nén tia sing chinh 13 dudng dong ning
lugng ctia song dnh sang.
Theo dinh nghia ctia P ta c6 gid tri ciia nd la:

P=FEH =wv = (10-67)

c

n

- - ; y )

Vi cdc véc t6 E va H va w ludn bién thién, nén & tai moi di€m xdc

dinh gid tri ctia E, H va w ludn thay doi theo thdi gian. Do d6 P ciing bi€n

thién theo thdi gian. Goi I = P 13 cuong dj séng, né chinh bing ning lugng

trung binh truyén qua mot don vi dién tich dit vudng géc véi phuong truyén
song trong mot don vi thdi gian. Ta c6:

I=P=wS (10-68)
n
V&1 song hinh sin ta c6:
- . T
w=esg B2 = g H® = ‘9—;0 [ 3 cos® wit—Zyar (10-69)
0 1%
I = ?E_OZ _ W;OV H,? (10-70)

V6i Eyva Hy1a bién do dién trudng va tif trudng clia séng, v = ¢/n 12 t6c
dd truyén séng.

Nhu vay, ta di xét nhitng tinh chit quan trong clia séng dién tir: séng
dién tr c6 mang ning ludng. Ngoai ra cdc khdo st khdc con cho thdy séng
dién tir c6 xung lugng va trudng dién tir c6 khoi lugng. Nhitng tinh chi't d6 cho
thay ring: truong dién tir la mot dang ciia vat chat.
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