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Chuong 13
TU TRUONG TiNH

§ 13.1 TUONG TAC TU - PINH LUAT AMPERE

1 — Twong tac tur:

Céc hién tugng vé dién, tir dd duoc con ngudi biét dén tir 1au, nhung khong
biét chung c6 lién quan voi nhau. Mai dén nam 1820, Oersted, nha vét 1y ngudi
Pan Mach phat hién ra hién tugng dong dién dat gﬁn kim la ban lam kim la ban
khong chi theo hudng Bic — Nam nita ma bj 1éch di thi nguoi ta méi biét r'?lng dién
va tir ¢6 lién quan v6i nhau. Sau d6 Ampére, nha vét 1y nguoi Phéap, phat hién rang,
cac dong dién cling twong tac véi nhau.

Nhu véy, vé phuong dién tir thi mot dong dién ciing c6 thé coi nhu mot
nam cham. Noi cach khac tuong tac gittra nam chdm véi nam chidm, nam cham véi
dong dién, dong dién voi dong dién cung chung mot ban chat. Ta goi d6 1a fwong
tdac tr.

2 — Pinh luit Ampére vé twong tic giira hai phan tir dong dién:

Phan tir dong dién (hay con goi 14 yéu 16
dong dién) 1a mot doan dong dién chay trong I,

day dan hinh tru c6 chiéu dai d/ va tiét dién [ L,de,
ngang dS rat nhd. Phan tir dong dién duogc dac 0
N r
trung boi tich Id ¢, trong d6 1 1a cuong do . L
-
dong dién qua tiét dién dS va d £ 1a vecto c6 M Ld?
d6 16m bang d¢ va co chiéu la chiéu cua dong

dién (xem hinh 13.1).

. - Hinh 13.1: Phan tir dong
Xét hai phan tor dong dién I,d /1 va

12d22 ctua hai dong dién I, va I, dat trong chén khong. Goi r 1a vecto khoang
cach hudng tir Ile dén Idez. V& mit phing (P) chira Ildzl va I‘) . Qui udc
phép vecto don vi n ciia mat phing (P) ¢6 chidu sao cho khi xoay cai dinh dc tir
vecto Ildzl dén vecto ? theo goc nhé nhét thi chiéu tién ctia cai dinh dc 1a chiéu

5
ciavecto n (xem hinh 13.2). Pinh luat Ampére dugc phat bi€u nhu sau:
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- -
Luc tir do phan tir dong dién I,d /1 tac dung 1én phan tir dong dién 1,d /> la

5
mot vecto d F co: —~ -
' ,, n Izdéz
- Phwong: vudng goc vai mat phang
-
chira yéu t6 dong I,d /> va
-
vecto n dF
- Chiéu: x4c dinh theo qui tic cai IdE
dinh oc: xoay cai dinh oc tu

- -

vecto 1,d /2 dén vecto n Hinh 13.2: Lyec tir dF do
th’eo gbc nho nhé‘g thi chi36u phcfn tir dong dién Ildz1 tac
tién cua cai dinh oc la chiéu B T, -
N dung lén phan tur 1,d/,
cua vecto dF .

I,1,d¢,d¢, sin©, sin 0,

-Pj 16n: dF = Ho k (13.1)
4nr

- Diém dit: tai yéu t6 dong 1,d /5.
Trong (13.1), 1o 14 hang s6 tir, c6 gid tri: u, =4m.107 (H/m).
C6 thé biéu dién dinh luat Ampére bang biéu thirc vecto:

= I, dé x (I, df X T)
dF = Lo . (13.2)
47 r

Thyc nghiém ching to rang, néu hai dong dién va I, dat trong mdi trudng
ddng chét dang hudng thi lyc tir thay dbi p 1an so voi khi chung dit trong chan

u Lde, ><(I31d€1 XT) 133)

khong: dF = tt‘o
T T

Trong d6 p duoc goi 1a hé s tir thAm cua mdi truong. P61 v6i chan khong: p = 1;
céc chét sat tur: u>>1; ddi véi cac chat thun tir hodc nghich tir (doc thém chuong
14) thi gia tri p dao dong hon kém xung quanh don vi mot lugng nhé (u=1). Vi
thé, trong da sb cac trudng hop, ta bo qua hé sb .

V& hinh thtrc, dién va tir gidng nhu hai ban tay cia mot co thé nguoi. Mdi
dai lugng dac trung cho dién déu tuong rng voi mot dai lugng déc trung cho tur. Vi
du: hing s dién &, tuong tng voi hing sd tir po; hé sb dién moi & twong Gng véi hé
sb tir thAim u; dinh ludt Ampére c6 vai trd nhu dinh luat Coulomb; cac yéu td dong
dién co vai tro nhu nhitng dién tich diém; ... Ndm dugc tinh chét nay, ban doc c6
thé nghién ctru tir trudng mot cach hiéu qua hon.
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§ 13.2 TU TRUONG
1 — Khai niém tir trwong:

Tuong tac giita hai phan tir dong dién dugc hiéu theo quan diém tuong tac
gan. Nghia 1a sy c6 mat ciia dong dién [; da lam bién d6i mdi truong xung quanh
no, ta ndi dong dién I; gy ra xung quanh n6é mét tir trudng va chinh tir truong nay

N
méi tac dung lyuc tir 1én yéu to dong 1,d /.
Vay tir trirong 13 moi truong vat chat dic biét ton tai xung quanh cac dong

dién (hay xung quanh cac dién tich chuyén dong) va tac dung luc tir 1én cac dong
dién khac dat trong no.

2 — Vecto cam wng tur:

Tuong tg nhu cuong d6 dién truong, dé dic trung cho tur trudng tai mdi
diém, nguoi ta dinh nghia vecto cam 1'Ing th B. Tu cong thuc (13.3), ta tha"iy dai
B Id € 1% r

luong: dB=
e 4 1

(13.4)

chi phu thudc vao phf?m tr I,d 21 sinh ra tir trudng va phu thudc vao vi tri cia diém
M, noi dat yéu t& dong I,d Zz ma khong phu thoc vao phan tir Izdz chiu tac
dung cuia tir truong dang xét. Nén d]_3) duogc goi 13 vecto cam tmg tir do phan tir
dong dién 1,d 21 gdy ra tai diém M.

N
Tong quat, vecto cam tng tir do yéu to dong Id / gy ra tai diém M cach

M [d/xT
: (13.5)

2 M1
n6 mdt khoang r la: dB =
4t

Biéu thuc (13.5) da duogc Biot, Savart va Laplace rat ra tir thuc nghiém, nén con
duogc goi 1a dinh luat Biot — Savart — Laplace.

Vay: vecto dB co:

- Phwong: vudng goc voi miat phang chira (Idz var ).

- Chiéu: tuan theo qui tic cai dinh 6¢: xoay cdi dinh oc quay tir yéu t6 dong
1d7 dén r theo g6c nhé nhat thi chiéu tién cia cdi dinh éc la chiéu ciia
vecto dB.
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_Bp 1d/sin ©
4 1?

- Piém dat: tai diém khao sat.

- Dj I6m: dB (13.6)

Trong (13.6) thi 614 gbc gitta Id/ va r .

Tt truong clng tan theo nguyén ly chdng chat. Do d6, dé tinh cam tng tir
do mot dong dié€n bat ki gay ra, ta lay tich phan(13.5) trén ca dong dién:

B = j dB (13.7)

ca dong dien
Néu c6 nhieu dong dién thi cam Gng tir tong hop la:

- o

- - -
B=Bi+B:+..+B.= Y Bi (13.8)
IR
Trong d6 Bi la cam ung tir do dong dién I; gay ra.
3 — Vecto cwong dd tir trweong:

N
Vecto cam ung tr B phu thudc vao ban chat cia moéi truong khao sat. Do

N

do6 khi di tir moi truong nay sang méi truong khac vecto B s€ bién doi dot ngdt tai
-

mét phan cach. Do do6, nguoi ta con dinh nghia vecto cudng d6 tir truong H :

B
M,

H= (13.9)

- -
Vecto cuong d6 tir truong H ¢ vai tro tuwong tu nhu vecto dién dich D
-

trong dién truong va vecto cam tng tr B ¢ vai tro twong tu nhu vecto cuong do
- - -
dién truong E . (Do d6 néu goi chinh xac thi H phai la vecto cam tng tir, con B
la vecto cuong do tur truong. Nhung do yéu to lich sir, nguoi ta van gilt nguyén

cach goi sai nay).

Trong h¢ SI, don vi do cam ung tur 1a tesla (T); cuong dd tu truong 1a ampe
trén mét (A/m).
3 — Cac vi du vé x4c dinh vecto cam ing tir:

Vi dy 13.1: Xac dinh vecto cam Gng tir do dong dién c6 cuong do I chay trong
doan day dan thang AB giy ra tai diém M cach ddy AB mot khoang h.
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Giai:
Xét mot yéu td dong Id/ batki trén doan AB. Vecto cam (g tir do yéu t&
- ~ Id/xT
Id/ gayratai Mla: dB= %.—3.
4t

Theo nguyén i chdng chat, vecto cam tng tir do doan
> B 4
AB gay ra tai M la: B:IdB
A
Dung qui tic cdi dinh éc, suy ra dB luén hudng
vudng goc voi mat phang hinh vé (13.3) va di vao

phia trong. Véy cam tung tur tong hop B ciing co
phuong chiéu nhu vay va cé d¢ 1on la:

B B .
1d/.sin 0
B=de=“°M ST (13010 A"
A dms T Hinh 13.3: cdm iing
Pé tinh duc tich phan (13.10), ta di v& bién s6 6. Goi tir gdy boi dogn
O 1a chin duong vudng goc ha tir M xudng doan AB, dong dién thang

¢ 14 khoang cach tir O dén yéu t6 dong 1d7 va 0 1a

gboc hop bsi hudng cta dong dién voi doan r noi diém M véi yéu to Id/ . Ta co:

{=hcotgh =dl= hd?

(Luu y: df 1a d6 dai ciia dudng di nén trong biéu

sin”
thirc vi phan ta da bo qua diu trir, chi 1ay d6 16n). Ma r = — 5 Do d6 (13.10) trd
sin
h .
B 1 ,dze .sin® 1%
thanh; B=Feb[si0  _ BoFS [gin ggg
4 4 L)z 4n 5,
sin®
I
Suy ra: B:&(cosﬁl—cosez) (13.11)
47mh
: . o _ }’”’LOI _ -
O dang vecto, ta co: B=—""(cos0,—cosH,).n (13.12)

4rh

Trong d6 : n 1a phap vecto don vi clia mit phang tao boi doan AB véi diém khao

N
sat M, chi€u cia n tuan theo qui tac cai dinh oc: "Xoay cdi dinh oc sao cho no tiéen
-
theo chiéu dong dién thi chiéu quay cua cai dinh oc la chiéu cua n, ciing chinh la
. d
chieu cua B”.
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H¢ qua: Cac trudong hop dac biét cia cam tng tir (xem hinh 13.4)

a) Néu day AB rat dai, hodc diém khao sat rat gén doan AB thi cosf; =1 va
cosO, = — 1. Khido ta co:

- “u I -
B=—"2>. 13.13 = I~
oan " Y (D Bu=2E p

b) Néu AB rat dai va diém
khio sit M nim trén &

duong vudng goc véi I
AB tai mot dau mut thi :

- |
=Ml sy MT © By :TTL‘
4rh ) 'h
¢) Néu diém khao sit M . oo
nam trén duong thing A I
AB thi vecto Id/ ludn . R M
c_tmg phuong vm_) vecto  ©) A ; . -

1, do do vecto dB ludn

bang khong va vecto  yynn 13.4: Cic rrueong hop dac biét:

cdm tmg ?I tongA hop tai @) Day AB rét dai;

M ciing bing khong. b) Nira dwong thang;

. ¢) Diém M nam trén duong thing AB

Vi du 13.2: Hay xac dinh vecto 3
cam ung tir do dong dién cudng do I chay trong vong day dan tron tdm O, ban kinh
R géy ra tai diém M nam trén truc cua vong day, cach tam O mdt khoang h.

Gidi:
Xét mot yéu to dong 1d7 bétki trén vong day. No gy ra cam ung tu tai M

ppoIde 2

_ [d/xT -
la: dB =R 85T o6 g ton dB =2E0SC (do 1d7 Tuon vuong goe voi T ).

4t 1 4nr

- -
Vecto d B dugc phén tich thanh hai thanh phan: d B, hudng theo phap tuyén ciua

mit phang vong day va dB. huéng song song v6i mdt phang vong day (hinh
13.5). Suy ra cam ung tur do toan vong day gay ra tai M la:

By = ¢ dB = (dB, +dB,) = § dB, +  dB,
©) (©) ©) (€)

Céc tich phan l4y trén toan b vong day.
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- -

Vi 1y do doi xung truc, nén ta ludn ton tai yéu té6 dong Id /' d6i xtimg vai Id £ qua
- - -

tam O va n6 gy ra tai M cam tng tr d B' d6i ximg véi dB qua truc OM. dB va

- -
d B' ¢6 cac thanh phan tiép tuyén triét tiéu nhau nén (j) dB:=0. Suy ra:
©)

BM—¢dBn—n4>dB —nC.tSdB cosP= nsﬁ““o .cosf  (13.15)
(© ©) © ©) mr’
g 9 Y r
véi n 1a phap vecto don vi cia mat phang vong day, c6 chiéu tudn theo qui tac cai
dinh oc: “Xoay cai dinh oc theo chiéu dong dién trong vong ddy thi chiéu tién cua
-
cdi dinh oc la chiéu cua vecto n”.

Vi: cosB=2, r=JR + 1’ khong d6i nén thay vao (13.15) rdi liy tich phan, ta
r

. 3 Bl pp LR

co: B, E d/ =
4mr’ (gcg) 4n(R2 +h*)WR? +h2

A pp IS >
Vay: By =———°———n (13.16 - 5

W T ey P | B._dB
V6i S = nR? 1a dién tich gii han boi vong
day. -

dB,

Goi: S=nR’n la vecto dién tich gi6i han 4B,
boi vong day

v P =IS 1d7' B
va: P =1IS (13.17) dB', 4p
la mémen tir ciia dong dién trong vong day, Hinh 13 -5t Cam ung tur
thi ta c6: gay boi dong dién tron

> IS p
“’“’o — u“’o m (1318)

= 27‘E(R2+h2)3/2 27T(R2+h2)3/2

H¢ qua: Khi h =0, ta c6 vecto cam tng tur tai tam O cua vong day:

> [ uulS pu P
Bo = Ehe” = B _ Pl T (13.19)
2R 2nR 2nR

Vi du 13.3: Xac dinh cam tng tir tai diém M trén tryc ctia 6ng day (hinh 13.6).
Giai
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Xét mot doan d/ rat nho. Goi n 1a mat do vong day quan trén 6ng day thi nd/ 1a

s6 vong day quin trén doan d/ . Khi d6 cam ung tir tai M do dong dién chay trong
2

pp, IR

cac vong day cua doan df giy ra dugc suy ra tir (13.18): dB = W.n

Tir d6 tinh dugc cam tmg tir do toan dng day gay ra tai M:

(2) 2 (2)
nlR d/
B=[dB= ““02 [ SRR (13.20)
@) @ ( + )
RdO
Theo hinh 13.6, ta co: £ =Rtgd = df =———.
cos” 0
Thay véo (13.20) va cha y rang 1+tg’0 = >—, ta duoc:
cos
nl
B:%I 0s0d0 = ““0 PR (5in0, —sin0),) (13.21)
)
Trong cong thuc (13.21), 6, va 0,
1a cac goc dinh hudng. 4 d/
Néu 6ng day rét dai hodc 92»5‘\94 O I R
duong kinh Ong day rat nho so —'~ _'_ﬁ ''''''''''' 1| T
v6i chiéu dai cua 6ng day thi goc
0; =—90° va 0, = 90°. Khi d6 ta ,
co: B = pponl (13.22) Hinh 13.6: Ong day dai (solenoid)

Nguoi ta ching minh duoc, ‘ .
vecto cam Ung tu trong long ong day dai khong thay doi tai moi diém. Tur truong
c6 tinh chat do goi 1a tir truong deu.

§ 13.3 CAC PINH LY QUAN TRONG VE TU TRUONG
1 — Pudng cam ing tur:

Ciing giong nhu duong stc dién truong, & mo ta tir truong mot cach tryc
quan, nguoi ta dung cac duong cam ung tir. Puong cam ung tir (hay dwong sic cia
twr truong) la dwong vé trong tir truong sao cho tiép tuyén voi no tai moi diém
trung voi phwong cua vecté cam vung tu tai diem do, chiéu cua dwong cam ung tie
la chiéu cuia vecto B ..

Tinh chat cia duong cam ung tu:

- Qua bat ki mdt di€m nao trong tur truong cling vé dugc mot
dudng cam ung tur.

- Céhc duong cam Gng tir khong cit nhau.
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Qui udc: v& s6 dudng cam ung tir xuyén qua mot don vi dién tich dat
vudng goc v6i cac dudng cam tng tir bang do 16n cua vecto cam ung tir tai dién
tich d6. Nhu vay, noi nao tir truong manh, cac duong stc tir s€ sit nhau; noi nao tur
truong yéu, cac dudng stc tir s& thua va déi voi tir trudng déu thi cac dudng sirc tir
s& song song va cach déu nhau.

Tép hop cac duong cam Gng tur goi la phé ciia tir truong hay tir phé. Hinh
13.7 cho ta biét vai dang tir pho ctia dong dién.

I
a) Tir phd cua dong b) Tir pho cua dong dién trong
dién thang vong day tron

Hinh 13.7:
Vai dang tur
phé

¢) Tir phé cua dong dién trong 6ng
day dai (solenoid)

2 — Tr thong (hay thong lwong tir trromg): ]3

N
n
Tuong ty nhu khai niém dién thong, tu ‘@

thong giri qua dién tich vi cap dS 14 dai lugng:

3

d®,= BdS=BdS,=BdScosa.  (13.23)

Va tir théng giri qua mot mit (S) bat ki 1a:
®, =[do, = [BdS, = [BdScosa (13.24)
s s s Hinh 13.8: Ti: thong
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N
Trong d6 a 1a goc tao boi vecto cam tng tir B véi phap vecto don vi ctia mat (S)

Y \ - e
tai di€ém khao sat. Qui udc chon chi€u cua phap vecto don vi n nhu sau: néu mat
- -
(S) 1a kin thi vecto n hudng tir trong ra ngoai; n€u (S) 1a mat hd thi n chon tuy y.
Trudng hop didc biét, mat (S) 1a phing, dat trong tir trwong déu thi tir thong
goi qua (S) la: ® _=BScosa (13.25)

Tt thong la dai luong v6 huong, co thé dwong, am hoic bang khong. Gia
tri tuyét doi cua tur thong cho biét so lugng duong suc tir gdi qua mat (S). Trong hé
SI, don vi do tr thong 1a vébe (Wb).

3 —Pinh Iy O — G ddi véi tir truwdng:

Ta da biét rang, d6i véi dién truong, dinh 1i O — G duogc phat biéu “Dién
thong goi qua mit kin bét ki thi bang téng cac dién tich chtra trong mat kin do6 chia
cho hing sb dién €,”. Bing cach suy luin twong tu, ddi v6i tir trudng ta ciing c6 thé
phat biéu dinh 1i O — G nhur sau: Tir thong goi qua mit kin bat ki thi bang tong cac
tir tich chira trong mat kin d6 chia cho hing s tir . Tuy nhién, sy khac nhau can
ban giita dién truong va tir truong & chd dién truong (tinh) duoc gy boi cac dién
tich dung yén, co tir truong duoc gy ra boi cac dién tich chuyén dong. cho téi
ngdy nay, ngudi ta chua hé tim thdy cac tir tich trong ty nhién.

Vi li do d6 dinh li O — G dbi véi tir truong duge phat biéu nhu sau: “ Tir
théng givi qua bat ky mdt kin ndo ciing bang khéong”.

) > >
Biéu thirc: gSBdS =0 (13.26)
()
. g

Hay ¢ dang vi phan:  divB=0 (13.27)

Cac cong thirc (13.26) va (13.27) chiing t6 duong stic cua tir truong phai 1a
duong khép kin. Ta néi tir truong la mot trudng xody.
4 — Pinh Iy Ampére vé luvu thong ciia vecto cwong dd tir trurong:

Xét mot duong cong kin (C) bat ki nam trong tir truong. Trén (C), ta liy

—_— s -
mot doan cung d/ = MN du nhd, tich phan q.) Hd / dugc goi la luu thong cua
(©)
vecto cuong do tir truong doc theo duong cong kin (C).

Trong truong hop don gian, (C) bao quanh dong dién I chay trong day dan
thang dai va gla sir (C) nam trong mit phing vudng goc voi day dan (xem hinh

(13.9). Ta co: Hdﬁ =Hd/cosa, voi a la goc gitra H va dﬁ

Vi d/=MN rétnho nénr=r ; df cosa = HM’ = r’sin(dg) = rde.
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Mit khac: H _B_ 1
Hpy 27
- | I
Suyra: Hd/ =—urdo = Ide
2mr 27

N
T do6 tinh dugce luu thong cua vecto H doc

theo dudng cong (C) :

cJSHd jdcp I (13.28)
©)

Hinh 13.9: Luu thong cua
Két qua (13.28) 1a ta dd 1ay tich phan vecto cuong do tir trieong

5
theo chiéu thuén véi chiéu cua vecto H. Trong

-
truong hop tinh tich phan theo chiéu nguoc lai thi goc o > 90° va CJS Hd/=-1.
©)

Néu duodng cong kin (C) khong bao quanh dong dién I Cf) Hd/=0.
©

Trong trudng hop dudng cong kin (C) bao quanh nhiéu dong dién thi tir
nguyén li chdng chét suy ra, luu thong cia vecto H s& bang tong dai sb cac dong
dién do.

Tir nhimg diéu phén tich ¢ trén, ta di dén mot dinh li tong quat vé luu
thong cua vecto cudong do tur treong — con goi 1a dinh 1i Ampére hay dinh li dong
toan phan. Noi dung dinh li dugc phat biéu nhu sau:

N
“Luu thong cua vecto cwong do tir truong H doc theo mot duong cong kin

(C) bdt ky bang tong dai s6 cdc cuong di cia cac dong dién xuyén qua dién tich
gioi han boi dwong cong kin do”.

(ﬁHdé il (13.29)

(©)

Trong (13.29) ta qui u6c nhu sau: Chiéu lay tich phan la chiéu thuan d01 voi dong
dién I, néu xoay cai dinh b¢ theo chiéu ndy thi chiéu tién cua cai dinh ¢ 1a chiéu
cta dong dién Iy. Khi d6 dong I, s& mang dau dwong. Tréi lai n6 mang diu am.

Vidu 13.4: Ung dung dinh 1i dong toan phan dé tinh cam tng trong long dng day
hinh xuyén (toroid).
Xét mot dng day hinh xuyén, ban kinh trong R, ban kinh ngoai R,, trén d6

quin N vong dy co dong dién I chay qua (xem hinh 13.10). Pé tinh cam tng tir
trong long Oong day, ta xét mot duong cong kin (C) 1a duong tron tam O, ban kinh r
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nam trong 6ng day (R; < r <R,). Vi Iy do d6i xting quanh tdm O cua hinh xuyén
nén cuong do tir truong tai moi diém trén dudng cong kin (C) déu co6 do 16n bang
nhau va c6 phuong tiép tuyén vai (C).

Do d6 luu thong cua vecto H doc theo duong cong
kin (C), lay theo chiéu thuan cta cac dong dién la:
$Hd /= Hdl = H¢ d/ = Homr

(©) ©) ©)

Mit khéc, tong dong dién xuyén qua dién tich gi6i

N
han boi duong cong kin (C) 1a: Y I, = NI

k=t Hinh 13.9: Ong dy
- - N toroid
Ma theo dinh Iy O~ G : $ Hd £ =D 1,
(©) k=1
Nén ta co: H.2nr = NI
O £ NI
Vay cuong do tur truong trong ong day la: H = py- =nl (13.30)
T
va cam g tir trong 6ng day 1a : B = ppoH = pponl (13.31)

N . .o .
Trong d6: n= 2— chinh 1a s6 vong day trén mdt don vi chi€u dai hay mat do
r

vong day quén trén dng day.

Bing cach chon dudng cong kin (C) & bén ngoai dng day (r < R, hodc r >
R,) ta s€ chung minh dugc H = 0.

K&t luén : bén ngoai dng day toroid khong co tir truomg. No6i cach khac, tir truong
cua dong dién quan trén ong day hinh xuyén bi « nhot » ¢ bén trong long ong day.

§ 13.4 TAC DUNG CUA TU TRUONG LEN DONG DPIEN

1 — Luec tir tac dung Ién dong di€én — cong thic Ampére:
Khi ¢6 dong dién I dat trong tir trudng thi luc do tir truong tac dung 1én

5
mot phan tir dong dién Id / dugc xac dinh bai biéu thic:

dF=1d /xB (13.32)

R
Vecto dF ¢o:

— -

- Phwong: vudng goc v6i mit phang chira hai vecto Id ¢ va B.
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- Chiéu: tuan theo qui tic cai dinh dc:

“Xoay cai dnh dc quay tir vecto Idz dén dE
vecto ]§ theo goc nho nhat thi chiéu tién T
clia cai dinh dc 1a choiéu cua vecto dl? . > 5 }_3)

- Dolon: dF =1d/Bsin 0 (13.33) ldf

L Hinh 13.10: Lyc tir

vai 0 1a goc tao boi hai vecto Id ¢ va B tac dung len Zé” 10

- Diém dat: Tai trung diém cta doan d/ . dong 1!

Tich phan (13.32) trén toan bd dong dién, ta

c6 lyc tr tac dung 1€n ca dong dién I: E = I dE (13.33)

toan dd
Duo¢i day khao sat vai truong hop déc biét cia luc tu.
2 — Tac dung ciia tir treong déu 1én mdt doan dong dién thing:

Xét mot doan day dan thing, c6 chidu dai ¢ dat trong tir truong déu co
-
vecto cam ung tir B . Khi d6 luc tir tac dung 1én doan day cé biéu thirc :

F= j dF = j (Id/xB)=1/xB (13.34)

doan day doan day

- >
D& dang suy ra lyc tir ¢ phuong: vudng goc véi mit phang (I/,B); co chiéu:
theo qui tic cai dinh 6¢ hodc qui tic ban tay trai: “Dat ban tay trai sao cho cac
dudng cam ung tir ddm xuyén vao 1ong ban tay, chiéu tir c6 tay dén cic ngon tay
chi chiéu cua dong di¢én, ngoén cai choai ra 90° s& chi chiéu cta luc tir”; ¢6 diém dat
tai trung diém cua doan day /; va c6 d6 16n dugce tinh boi cong thire:

F =BI/sinb (13.35)

—

Trong d6, 0 13 goc tao boi chiéu cia dong dién va vecto B.

Trudng hop dic biét : néu doan day ¢ dit vudng goc véi duong sirc tir
truong thi lyc tr tac dung 1én doan day dat gia tri 16n nhat: F = BI/ (13.36)

Va néu doan day dit song song vi cac dudng cam Gng tir thi luc tir bang khong.

3 — Tac dung caa tir treong déu 1én khung diy c6 dong dién:

Xét dong dién I chay trong khung day cling, hinh chit nhat ABCD co6 d6
-
dai cac canh 1a a va b dat trong tur truong déu B c6 cac duong strc tir vudng goc



Chuwong 13: TU TRUONG TINH

281

véi truc quay A cua khung day. Goi goc hop
-
boi vecto phap tuyén n cua khung day va

R
vecto cam ung tr B 1a a (hinh 13.11). Ta
co:

* Luc tir tac dung 1én mdi canh AD va
BC c6 phuong song song véi truc quay A,
nhung ngugc chiu. Cap luc nay s€ tu can
bang lan nhau ma khéng tao mémen lam
quay khung day.
* Cap luc‘ tr tac dung 1én canh AB va
CD nguoc chi€u nhau, c6 cung do 1on:
F = Biasin90’ = Bla
s€ tao thanh ng~§1u lyc lam quay khung day.
Momen cua ngau luc la:
M = F.d = F.bsino. = Blabsina
Malab=1S =p,
Nén: M =p,Bsina. (13.37)
Trong d6 S = ab 1a dién tich khung day va
Pm = IS la mémen tir ciia dong dién trong
khung day. Chiéu cua vecto moémen lyc
hudéng vudng goc véi mat phang chia

- -
vecto Bva p_. Do do ta c6 biéu thuc

vecto momen luc tir :
- - -

M=p_xB (13.38)

Ngiu lyc s& lam quay khung vé vi tri sao
cho vecto momen ngau luc bang khong,

Hinh 13.11: Lyc tur tac dung

lén khung day

Fi

Hinh 13.12: Momen luc tw

- -
khi d6 p_, dinh hudng song song véi B, tirc 1a goc o = 0 hodc o = 180°. Khi o =

0 thi khung day ¢ vi tri can bang bén; a = 180° thi khung day ¢ vi tri cén bang
khong bén. Mudn cho khung day quay lién tuc, ta phai doi chieu cua dong dién

-

ho#ic doi chiéu cia B mdi khi moémen quay triét tiéu. D6 chinh 1a nguyén tic dé

ché tao ra cac dong co dién.

4 — Tac dung twong hd ciia hai dong di¢n thing song song dai vo han:

Xét hai day dan thang song song dai vo han, dat cach nhau mot khoang d,
c6 hai dong dién cuong d6 I; va I, cung chiéu chay qua. Dong dién I, gay ra xung
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N
quanh né tr truong Bi va dong dién I, dat
—

trong tir truong Bi nén chiu tac dung cia luc

IR
tor  Fi2. Tuong tu, dong dién I, cling gay ra
-
xung quanh né tr truong B2 va dong dién [,
—

dat trong tir truong B2 nén chiu tac dung cua

- -
lyc tr Fa1. Hinh 13.13 cho thay hai lyc Fi2

5
va Fa1 nguoc hudng. Két qua hai dong dién
I;, I, hut nhau.

Lap luan tuong tu ta ciing rat ra két

luan: hai dong dién song song nguoc chiéu thi
day nhau (hinh 13.14).

Do 16n cua lyc tuong tac trén mot doan cod

chiéu dai / 1a:

11,0
F=F,=BL¢="t02 g (13.39)

2nd
Vay luc tuong tac trén mdi don vi chiéu dai la:
e ¥ _ oLl
4 2nd

5 — Cong cua lyec tur:

Xét mach dién co cuong d6 I khong doi,

-

dit trong tir truong déu B o cac duong stc tir =
vudng goc véi mit phang mach dién nhu hinh L
(13.15). Poan thang MN = ¢ c¢6 thé truot tinh tién ¢
trén hai thanh ray ¢d dinh. Lyc tir tac dung 1én
doan MN ¢6 do 16n 1a F = BI/ va c6 chiéu nhu Q M
hinh v&. Coéng cua luc tir sinh ra trong qua trinh

doan MN dich chuyén mét quing nho dx la:
dA =F.dx=BI/.dx =BLdS =1.d®,, (13.41)

(13.40)

I

5
N Fa

L

F]2 @ }_3)1

Bz@

Hinh 13.

\4
A

13: Hai dong

dién song song cung
chiéu thi hut nhau

L

Fa | B2

I,

N
Fi2

Hinh 13.14: Hai dong
dién song song ngugc
chiéu thi day nhau

Hinh

Néu MN dich chuyén tir vi tri (1) dén vi tri (2) thi

cong cua lyc tur 1a:

A, = jdA = jdcpm = IAD_
1 1

ey 2

13.15: Céng cua
lya tir

(13.42)
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Trong d6 A®,, 1a do bién thién cua tir thong qua mach, chinh la tir thong gui qua
dién tich quét boi doan MN trong qua trinh dich chuyén.

Cong thue (13.42) dung trong ca truong hop mot mach kin bét ky chuyén
dong trong tur truong khong deu.

VAy cong cua liee tir trong s dich chuyén mét mach dién bat ki trong tir
truong bang tich so giita cuwong do dong dién trong mach voi do bién thién cua tur
thong qua dién tich cua mach kin do.

Hé qua: Mot mach kin tinh tién trong tir truong déu thi cong cua luc tir bing
khong.

§ 13.5 CHUYEN PONG CUA PIEN TiCH TRONG TU TRUONG

1 — Téac dung cia tir trwdng 1én dién tich chuyén dong - lwc Lorentz:

N
Gia stir hat mang di¢n tich q chuyén dong trong tir truong B véi van toc

- ) > > B

v . Trong thoi gian dt, n6 dich chuyén dugc mdt doan d / = v dt . Nhan hai vé cua

- -
phuong trinh nay véi q roi chia cho dt, ta co: did ¢ =qv.Ma g/dt chinh la
t

cuong d6 dong dién .

- - - -
Vay: Id/=qv (13.43) B N B
Noi céc khac, mot hat dién tich o /Y o SV

2 -
chuyén dong thi tuwong duong F.
véi mot phan to dong dién.

Ta dd biét rang, phan 9 q
N -

ttr dong dién Id ¢ dit trong tir a) Fo b)

-

truomg B s bi tir truong tic Hinh 13.16: Luc Lorentz tdac dung lén:

- > >
dung lyc la dF=Id/xB. a) dz:_ein tich cflfo’ﬂg
Vay dién tich q chuyén dong b) dién tich am
trong tur truong ciing bi luc tr

tac dung mot lyc la: FL=qvxB=q[v,B] (13.44)

Luc tr trong trudong hop nay dugce goi la luc Lorentz. Lyc Lorentz c6:

- -
- Phuong: vuong goc voi v va B;
- - -
- Chiéu: sao cho ba vecto qv, B va Fr theo thir ty d6 lap thanh mot tam
dién thuan (xem hinh 13.16). Trong thuc hanh, nguoi ta thuwong dung qui
tac ban tay trai dé xac dinh chiéu cua luc Lorentz tac dung Ién dién tich
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duong va qui tic ban tay phai doi v6i dién tich am: “Bdt ban tay trdi (hodc
phai) sao cho cdac duong cam ung tir xuyén qua long ban tay, chiéu di tir
—
o tay den bon ngon tay la chiéu v, thi ngon cdi chodi ra 90° sé chi chiéu
cua lyc Lorentz”.
- Do lom: FL =q|Bvsin6 (13.45)
- -
véi 0 1a goc gitta v va B.
- Diém dat: tai dién tich q.
Tir (13.45) suy ra, khi hat mang dién chuyén dong vudng goc véi cac duong
stre tur thi lyc Lorentz c6 gia tri 16n nhat: FL=|qBv (13.46)

Va khi hat mang dién chuyén dong song song vdi cac dudng stc tir thi luc
Lorentz bang khong.

Luc Lorentz luén vuéng goc véi vecto van tdc cua hat dién tich, nghia la
vuong goc voi duong di nén khong sinh cong. Vi theé dong nang cua hat khong
d6i. Nhu vay, tac dung cta lugc Lorentz chi lam cho vecto van toc cua hat dién

tich thay d6i vé phuong ma khong thay ddi vé do 1on.
2 — Chuyén déng ciia hat dién tich trong tir trwong déu:
a) Truwong hop 1: Vecto van tdc ban dau cua hat dién tich vudng goc véi duong
suc tu trudng.

Lyc Lorentz trong truong hop nay 1a F = |q|Bv = const. Vi thé qui dao
-
cua hat phai 1a duong tron va Fr dong vai tro 1a luc hudng tam. Ta co:
2
A
FL=ma, <|q|Bv=m—=r=
r

(13.47)
lq|B

Vay hat dién tich s& chuyén dong tron déu trong tir
truong voi van tde bang van téc ban dau khi duoc bin
vao tu truong. Ban kinh qui dao tron dugc xac dinh bdi
(13.47). Chu ki quay cua hat la:

T 2nr  2mm

= (13.48)
v |q|B

Ta théy rang, chu ky T khéng phu thudc vao van téc
chuyén dong ctia hat. Suy ra, néu ban cung mot loai hat
dién tich (q va m nhu nhau) véi cac van téc khac nhau

Hinh 13.18:

vao tir trudng déu theo phwong vudng goc véi duong B‘?”Ak”’f}.’ qf”N df;w
cam ung tir thi chung chuyén déng déu theo hai quy dao ule vorvan toc
tron c6 ban kinh ty 18 v4i van toc cua ching véi cting chu cua hat

ky (hinh 13.18).
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b) Trwong hgp 2: Vecto van tdc ban dau cua hat dién tich khong vudng goc véi
duong stc tur truong.
- {}//

Ta phén tich vecto v thanh hai

thanh phan: thanh phan song song voi dudng
Thanh phan v, khong bi anh huong boi luc Hinh 13.19: Dién tich chuyén

suc tur truong va thanh phan vudng goc véi

A0

- - -
duong suc tu truong: v=vi+ vy

Ta cd: v, =vsinO va v,= vcoso.

Lorentz (vi V , song song E) nén v, = const. dong theo duong XOd”‘ lo xo
5 trong tu truong déu

Con thanh phan v, chiu tic dung cua lyc

Lorentz lam n6 chuyén dong tron déu.

Két qua: quy dao cia kgt la mot duong xodn 16 xo nam trén mdt tru c6 truc song
2 mv, mvsin0

song véi B . Ban kinh vong xodn: r = = (13.49)
lqalB  [q[B
, 2 0
Buée xofn: h=v,T= % (13.50)
q

3 — Chuyén ddng ciia hat dién tich trong tir trweong khong déu — biy tir:

Gia st hat dién tich chuyén dong trong tir truong khong déu, co cac duong
suc tor mo ta nhu hinh 13.20. Gia st hat roi vao tir truong tai di€ém O c6 cam Ung tur

5
By v6i van toc ban dau vo. Tai moi diém trén qui dao cua hat, ta luén phéan tich

A\ 4

Hinh 13.20: Hat dién tich chuyén dong trong by tir
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- - - -

vecto van toc cua hat thanh hai thanh phan: v=v, + v, . Thanh phan v, vuong
-

goc voi duong stre tir truong, thanh phan v, song song v6i duong stre tir truong.

Tuong tu nhu két qua trén, qiii dao ctia hat s& 1a dudng xodn dc¢ (cycloid). Ban kinh

mv,

|q|B(2)

Mit khéc, theo dinh luat bdo toan momen dong lugng, ta c6: mv  r, = const

vong xoan tai thoi diém tla: , =

2.2 2 2 2
Hay MV const = — L = const = — - = oL
|q|B(z) B(2) B(z) B,
B 1/2
Suy ra: vV, =V, B@) (13.51)
BO

Vi lyc Lorentz khong lam thay ddi do 16n cta vecto van tdc, nén ta co:
vVi=vi+v =v; (13.52)

- -
Goi 0 va 0, 1a goc tao boi cac vecto van toc v va vo voi vecto cam Gng tir thi:

v,=vcos0; v, =vsin0; v,, =v,cos0,; v, =v,sin0, (13.53)

B(z)

0

1/2
Két hop (13.51), (13.52) va (13.53) tac6: v, = v, (1— sin’ 90] (13.54)

Tir (13.54) suy ra rang, hat dién tich khong thé xuyén qua mién c6 B(z) 16n tiy ¥,
néu huéng chuyén dong cua nd khong hoan toan song song véi dudng sirc tir. N6
s& bi phan xa nguoc trd lai tai diém gidi han co toa d6 z,, c6 cam tng tir B(z) = B,
BO
sin® 0,

thoa diéu kién: B, = (13.55)

Nhu viy, néu tir truong khong déu, c6 dang ddi xting qua mit phing z = 0
nhu hinh (13.20) thi bat ki hat dién tich ndo roi vao tir trudng nay déu co thé bi bat
bay, n6 chuyén dong xoin 6¢ qua lai giita hai mit phing z = h va z = — h. Ta ndi
hat dién tich bi roi vao bd~y tre. T (13.55) suy ra, hat nao chuyén dong theo hudng
c¢6 goc 0, 16n thi cang d& méc biy.

Cac electron, proton, ion sinh ra trong khi quyén ciing bi tir truong cua Trai
Dit bit bay nhu thé. Két qua ching chuyén dong qua lai giita dia cuc Bic va Nam
trong vai gidy, 1am ion hoa chét khi, kém theo su phat sang. Do d6 tén bau trdi Cuc
Béc va Cuc Nam ctia Trai Dat thuong co cac vong cuc quang rat sang vao ban
dém.
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4 — Hiéu wrng Hall:

Cho dong dién c6 dong dién mat do 3 chay qua mot vat dan kim loai co
dang hinh hop chit nhat, bé day d. Khi chua c6 tir truong ngoai (hinh 13.21a), thi
cac mat trén va dudi co6 cung dién the. Khi khoi vat dan trén dét trong tir truong

-
ngoai cd vecto cam ung tr B hudng nam ngang va vudng goc vai vecto mat do

5
dong j thi giira hai mit trén va dudi cia vat ddn xuat hién mot hiéu dién thé Uy
Hién tugng nay duoc E.H.Hall, nha vat Iy nguoi M phat hién nam 1879 nén dugc
goi 12 hiéu tmg Hall; gia tri hiéu dién thé Uy goi 14 hiéu dién thé Hall.

Thyc nghiém chung t6 Uy ti 1€ véi mat d§ dong dién j, voi cam ung tir B
va khoang cach d giita hai mit trén — dudi: Uy = RdjB, trong d6 R 13 hé s6 ti 16.

Nguyén nhéan gay ra hiéu ung Hall 1a do luc Lorentz F; = qvB tac dung 1én
cac electron dang chuyén dong co hudng tao thanh dong dién, 1am cho cac electron
nay c6 chuyén dong phu di 1én (hinh 13.21b). Két qua mit trén du electron nén tich
dién Am, mat dudi thiéu electron nén tich dién duong va gitra hai mat hinh thanh
hi¢u dién thé Uy

Khi xuat hién cac dién tich trai

dau ¢ hai mat trén va dudi thi dong thoi : :
- : . - @ 1
hinh thanh dién truong E hudng tir mat a) |d: v g
(+) sang mat (-). Dién truong nay tao ra rTTTTTTT r 7
- - ’
lyc dién truong F, =—qE cén tro
chuyén dong phu cia céac electron, E
nghia la lyc dién truong nguoc chiu A
voi luc Loretz. Khi trang thai can bang b) ST R
duogc thiet 1ap thi qE = qvB. | 5
2 ap q ’ q : ;; <_@ s ]
Do d6 hiéu dién thé Hall c6 gia tri la: ]_3’ d B
Uy=Ed =vdB. Ma: j=n.qv FTTTT T T2
S+ 4+ ++ + + 4
djB .
vay: U, =32 =RdjB (13.56)
n.q Hinh 13.21: Hiéu vrng Hall
1 a) Chua co tir truong
Véi: R=—- (13.57) b) Cé tu truong
n.q

la héng s6 Hall, phu thudc vao mat do hat mang dién tu do n, trong vat dan.

Hiéu ng Hall khong chi xay ra d6i voi kim loai ma con ddi véi ca chat
ban dan. N6 dugc rng dung pho bién trong cac linh vuc vdt Iy chat ran, vat Iy ban
dan va vat liéu dién.
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CAU HOI VA BAI TAP CHUONG 13

13.1 Bén dong dién théng, dai, song song, cudng do bﬁng nhau I = 2‘,0A, dat tai 4
dinh cda hinh vuéng ABCD, canh a = 20cm, va vudng goéc véi mat phang (ABCD).
Xac dinh cam Ung tu tai tdm hinh vudng trong truong hop:

a. Ca4 dong dién cung chiéu.
b. Mot dong dién c6 chidu nguoc v6i 3 dong kia.

13.2 Hai dong dién thing, dai, song song, cich nhau
mot khoang d, cudng do I,=2I,. Trén dudng thing nbi
chung, vudng goc voi ching, tir truong triét tiéu tai
dau? Xét khi chung cung chiéu va nguoc chiéu nhau.

13.3 Poan day thing AB c6 dong dién I = 20A chay
qua. Xac dinh cudng do tir trudng tai diém M nim
trén duong trung truc ciia AB, cach dong dién 5cm va
nhin AB dudi goc 60°.

13.4 Hai vong diy dan tron, bang nhau, ban kinh
10cm dat song song, truc trung nhau, khoang cach hai
tdm la 20cm, c6 dong dién cung cudong do 3A chay
qua. Hay xac dinh cam {ng tir tai tdm cua mdi vong ddy va tai trung diém duong
nbi tam, biét:

Hinh 13.22

a. Hai dong dién cung chiéu nhau.
b. Hai dong dién ngugc chiéu nhau.

13.5 Dong dién gém 3/4 cung tron ban kinh R =
10cm va mot doan thang MN, ¢6 dong dién I = 10A
chay qua nhu hinh 13.22. Xac dinh cam Ung tur tai
tdm O.

13.6 Dong dién cuong d6 I = 10A chay doc theo
thanh ctia mot éng thiang, mong, hinh try tron ban
kinh R, = 5cm, sau d6 chay nguoc lai doc theo day
dan dic, hinh tru tron, ban kinh R; = 1mm dt trung
v6i truc ctia Ong (hinh 13.23). Coi dng dai v6 han va bo qua tir truong trong 1ong
kim loai. Xac dinh cuong do tu truong tai:

Hinh 13.23

a. diém N cach truc O mot khoang ry= 6¢cm.

yA
b. diém M cach truc O mét khoang ry; = 2cm.
13.7 Ba vecto trong biéu thirc FL =q(vx ]§) I
thi cdp vecto nao lubn vudéng goc véi nhau, O,
cap nao co thé 1ap véi nhau mot goc tuy y? B L
13.8 Nguoi ta dat trong tur truong déu c6 B = 0 X
0,1T mot doan day dan thang, dai L = 70cm, Hinh 13.24

c6 dong dién I = 70A chay qua sao cho day
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hop véi dudng cam ung tr goc o = 30°. Hay xac dinh luc tir tac dung 1én doan
dong dién do.

13.9 Trong mit phing vudng géc v6i cac dudng cam Ung tir cia truong déu B =
0,1T co dat mot soi diy dan dai L = 63cm co6 dang nira vong tron, dong dién I =
20A chay qua (hinh 13.24). Xac dinh lyc tir tac dung 1én day, coi day cung va
khong bién dang.

13.10 Canh dong dién I, thing, rit dai, c6 khung ddy ABCD phing, vudng, dong

dién I << I,. Khung c6 thé quay quanh truc song

song voi I,. Khi khung déy cén bang thi n6 ndm Y > 1,

cung mot mat phang véi I,. Khoang cach tir canh X a,
A4

khung day dén dong I, 12 a va 2a (hinh 13.25).

a. Phai cho dong dién I chay trong khung c6
chi€u thé nao dé khung can bang bén?

2a

oy
€ e T

b. Tinh tur théong do tur truong cia I, gii qua

khung. D C

c. Tinh lyc do tur trwong cua I, tdc dung 1é€n Hinh 13.25

khung day.

13.11 Quy dao ciia chum electron chuyén dong trong tir truong Qéu H =
5,,56.103A£m la mot duong tron ban kinh R = 3cm. Hay xac dinh cac yeu to sau day
doi véi mai electron: Van toc dai v; Pong nang Wy; Chu ky quay T; Mdmen xung
luong L.

13.12 Mot electron chuyén dong trong tir truong déu B = 2.10°T theo dudng xoén
oc hinh try tron ban kinh R = 2cm va budc 6¢ h = Scm. hdy xac dinh phuong chi¢u
d6 16n cua van toc ban dau v, cua electron d6 (khi n6 bat dau bay vao tur truong)?

13.13 Khong gian c6 tir trudng déu B = 5.10°*T vudng goc voi dién truong déu E =
10°V/m. Bin m6t chum electron bay vao d6 véi van téc vV theo phuong vudng goc
v6i mit phang chta B va E.

a. V& hinh mé ta dién-tir truong d6 va phuong vecto v .

b. Phéi bén v&i van tde V theo chiéu nao, dd 16n bao nhiéu dé cho cham electron di
thang (quy dao khong Iéch)?

c. Tinh ban kinh R khi tit dién truong (chi con tir trudng).

13.14 Vong day tron ban kinh r = 2cm c6 dong dién 1 = 2A duogc treo trong tir
truong déu B = 0,2T sao cho mit phing vong

day vudng goc voi cac duong suc tu truong.

Hay tinh:

a. T thong glri qua vong day. d B N

b. Cong can thiét dé xoay vong day di mot  af
goc 90° quanh truc di qua mot duong kinh.

. Hinh 13.26
13.15 La kim loai mdng, bé day a = 10um,
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rong d = 1,0cm, dit trong tir truong déu B = 1,5T vudng goc voi mat phang cta no.
Khi cho dong dién I = 3,0A chay theo chiéu dai cua 14 kim loai thi do dugc hiéu
dién thé Hall 1a U = 10pV (hinh 13.26).

a. Phan tich qua trinh hinh thanh va 6n dinh U.

b. Tinh van tdc chuyén dong dinh hudong va mat d¢ electron tu do ctia kim
loai do.
13.16 C6 mot thqnh nam cham va mot thanh thép giéng hét nhau, son det} kit, dat
trén ban. Lam thé nao phan biét chiing? Diéu kién: khong dugc sur dung bat ky vat
nao khac.



