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Chuong 1
TU TRUONG TINH

No§i dung chwong
1.1. Tt truong tinh — Dinh luat Ampére
1.2. Tu truong
1.3. Cac dinh ly quan trong V& tir trudng
1.4. Tac dung cua tur truong 1én dong dién
1.5. Chuyén dong cua dién tich trong tir truong
1.6. T6m tat noi dung
1.7. Cau hoi Iy thuyét va bai tap
Muc tiéu chwong
Sau khi hoc xong chwong nay sinh vién hiéu rd dugc mot s6 van dé vé:
- Tuong tac tir, khai niém tir truong, cac dinh luat vé tir truong
- Tac dung cua tur trueong 1én dong dién c6 dang mach khac nhau.
- Cong cua lyc tur.
- Lyc tir téc dung 1&n hat mang dién chuyén dong (luc Lorentz). Tir d6 hiéu dugc ban
chat cua lyc tir tac dung 1&n dong dién, ngudn gdc sinh ra tir truong.
- Lam duoc céc dang bai tap V@ tir truong tinh

§1.1 TU TRUONG TiNH, PINH LUAT AMPERE

1. Twong tac tir

Céc hién tuong Vé dién, tir dd duoc con ngudi biét dén tir 1au, nhung khong biét
ching c6 lién quan v6i nhau. Mai dén 1820 Oersted, nha vat 1y nguoi Pan Mach phéat
hién ra hién tuong dong dién dat gan kim la ban 1am kim la ban khong chi theo hudng
Bic — Nam nita ma bi léch di thi ngudi ta méi biét hién twong dién tur lién quan véi
nhau. Sau d6 Ampere, nha vat Iy ngudi Phép, phét hién rang, cac dong dién ciing
tuwong tac vai nhau

Xét V& phuong dién tir thi dong dién ciing cd thé coi nhu mot nam cham. NOi
cach khac tuong tac gitta nam ch@m vai nam chadm, nam chdm vai dong dién, dong

dién véi dong dién cing chung mot ban chat. Ta goi 1a twong tac ti.



(hinh.c)  (hinh.d

N S N S N S S N

(hinh.e) (hinh.f)

Hinh 1.1: (a) tuong tdac giira nam cham vadi dong dién; (b) twong tac giita nam cham
Véi cudn day; (c) twong tac giita hai dong dién cung chiéu, (d) tuwong tdc giira hai
dong dién nguoc chiéu; (e) twong tdc giita hai nam cham khdc tén; (f) twong tdc giia
hai nam cham cung tén

2. Pinh luat Ampere vé tuong tac giira hai phan tir dong dién

Dinh luat Ampere 1a dinh luat ndi vé su twong tac gitra hai phan tir dong dién.
Phan tir dong dién 1a mot doan rat ngan cua day din mang dong dién. Gia sur chlng ta
ldy hai doan day ddn MN va PQ rat ngan trén hai day dan cé hinh dang bat ki c6
cuong d6 I; V& I, Trén doan MN tuong (ng Véi véc to phan tr dong dién 1dl, va
doan PQ twong ng V&i véc to phan tor dong dién 1,dl,, hai véc to phin tir dong dién
ldl,va 1,dl, c6 phuong, chiéu lan lugt 13 phuong chidu cua dong dién I, VA I,. Pat
véc to vi tri r=0A. Goi 6,1a goc giira phan tir 1,dlva r. V& mat phing (B) chua yéu
t6 1,dlva diém A, V& phap tuyén n ddi voi mat phing (B) tai diém A (n phai c6
chiéu sao cho ba véc to dl, r va n theo tha tu hop thanh tam dién thuan. Goi 6, 1a

goc hop béi gitra phan tir 1,dLva n.



Hinh 1.2: frong tdc giira hai phan tir dong dién
Khi d6 dinh luat Ampere duoc phét biéu nhu sau:

Luc tir do phan ti dong dién I,d1, tac dung I1&n phan ti dong dién I,dl, dat trong
chan khong 1a més véc to dF c6:

- Phuong: vudng géc véi mat phang chira yéu té dong L,dl, va véc to i .

- Chiéu: xdc dinh theo qui tdc cdi dinh éc: Xoay cdi dinh o¢ tir véc to Izdg dén véc to

7l theo goc nhé nhat thi chiéu tién cia cdi dinh oc 1a chiéu véc to dF . (tam dién thugn)

Fo o-1,.1,.dl.dl,.sing,.sin 6,

- P lon : d = (1.1)

- Diém dat: tai yéu té dong dién L,dL,.
Trong d6 o 1 hang sb tir, ¢6 gia tri py = 4w10~7(H/m)

Hay c6 thé biéu dién dinh luat Ampere bang biéu thirc véc to luc do phén tul,dl, tac

. B _ uO.IZdEx(IldEXF)
dung 1én phan tir 1,dl, 1a dF = 5 (1.2)

Arr
Thuc nghiém chang to rang, néu hai dong dién I; va I, dat trong moi trudng

dong chat dang hudng thi lyc tir thay doi u 1an so voi khi ching dit trong chan khéng

VAN dLx(1,dlxr
dF: 0 2¥ 72 (31 1 ) (13)

Arr
C6 thé dat hé sé k = 21—0 , VA 1o 1a hang sé tir, ¢6 gia tri py = 4w10~7 (H/m)
T

Trong d6 u duoc goi 1a hé s tir thim cia moi trudng. Pbi voi chan khdng p = 1, céc
chat st tir p>>1; d6i voi cac chat thuan tir hoic nghich tir thi p dao dong hon kém
xung quanh don vi mot luong nho (p = 1). Vi thé trong da s6 trudng hop, ta bo qua hé

sb .



§1.2 TU TRUONG TINH
1. Khai niém tir trwo'ng

Tir bai hoc trén, ta c6 thé dat ra mot cau hoi tai sao hai phan tir dong dién, giira
nam cham vai nam chadm, gitta nam chdm vai dong dién, gitra dong dién voi dong
dién lai twong tac dugc véi nhau? Co cai gi d6 lam ching tuong tac duoc vai nhau?

Theo thuyét tac dung xa cho rang, luc tir duoc truyén di mot céch tic thoi tir
yéu té ndy dén yéu té kia. Nghia Ia truyén voi van tdc bang vd ciing ma khong can
théng qua mot moi truong nao ca. Con dong dién va nam cham khdng gay cho mot
bién d6i gi cho moi trudng xung quanh.

Theo thuyét tac dung gan. Dong dién hoac nam cham Iam cho tinh chat khong
gian xung quanh nd bi bién do6i. Cu thé 1a gay ra xung quanh né mét tir trudong. Néu ta
dat trong khong gian cua n6 mét dong dién hoac mot nam cham khac, thi dong dién
hoac nam cham nay s€ chiu tac dung mét luc tir.

Thong qua tir truong luc tir truyén di tir dong dién hoic nam cham nay dén
dong dién hoic nam cham khac véi van téc 1a hitu han (bang van toc anh séng trong
chén khong).

Vay: Tu truong la méi truong vt chdr dac biét ton tai xung quanh dong dién hogc
nam cham va tac dung luc tir lén dong dién hodac nam chdm khdc dat trong no.
2. Véc to cam wng tir

Tuong tu nhu cuong do dién trudong, dé dic trung cho cudng do tir trudng tai
mdi diém, nguoi ta dinh nghia véc to cam ung tir dB. Tir (1.3) cam ung tir do yéu td
dong dién 1,dl, gy ratai A (noi dat phan ti 1,dl,) c6 biéu thirc nhu sau:

pl.dlxr

dB = £ 1 (1.4)

dr r

dB chi phu thuoc vao yéu té I,d1; va phu thugc vao Vi tri diém A,
Trong truong hop tong quat véc to cam ang tir do yéu td dong dien Idl gay ra
tai diém M cach né mot khoang r Ia:;

Lot | dlxr

dB = Ar r? (1.5)




Biéu thuc (1.5) do Biot- Savart — Laplace rt ra tir thyc nghiém va Biot- Savart
— Laplace da phat biéu thanh dinh luat sau:

Véc to cam ung tir dB do yéu té dong dién 1d1gay ra tai diém M cach né mét
khodng r 1a:
- Diém dat tai diém M
- Phuong vuéng géc véi mat pheng chira pha tir dong dién 1diva diém M.
- Chiéu sao cho ba véc to |dl, r v& dB hop thanh mét tam dién thugn.(chiéu cua dB
ciing c6 thé xac dinh theo quy tic van ndt chai: Pt Cai vin miit chai theo phuong ciia
dong dién, quay cai van nut chai tién theo chiéu dong dién thi chiéu quay cai van nat
chai tai diém M sé |a chiéu cia véc to cam 4ng tir tai diém do)
- D¢ lon cam ung ter dB duoc xdc dinh bai cdng thuc:

4B = HoH I.dI.Szln 0
4 r

(1.6)

trong d6 613 goc tao bai Idl va r
dinh luat Biot- Savart — Laplace cho ta xac dinh du?()'CdE tir d6 cho ta xac dinh duoc
lyc tac dung dF cua phan tir dong dién Idl 1én phan tir dong dién 1,dl, bing cdng
thuc sau:
dF =1,dl,xdB (1.7)
Ciing gidng nhu cudng d6 dién truong, cam Gng tir dic trung cho tir trudong V& mit tac
dung luc.
Trong hé SlI, cam ung tur c6 don vi la tesla (ki hiéu: T)
3. Nguyén ly chéng chat tir truong
Tir truong ciing giéng nhu dién truong ciing tudn theo nguyén 1y chong chit.
Véc to cam umg tir B do mét dong dién bat ki gay ra tai mér diém M bang téng
vée to cam umg tir dB do tdt ca cac phan tir nhé ciia dong dién gay ra tai diém dy
B= [ dB (1.8)
ca dong dien

Néu tir truong do nhiéu dong dién sinh ra, theo nguyén ly chong chat tir truong:



Véc to cam g tir B do nhiéu dong dién gay ra tai mét diém M bang tong véc
to cam ung tir do ting dong dién gay ra tai diém dy
n
B=B,+B,+..+B,=> B, (1.9)
i=1
4. Véc to cworng do tir trurong
Véc to cam ung tir do dong dién gy ra phu thuoc vao do tir tham p cua méi truong.
Vi vay né ta di tir moi trudng ndy sang moi truong khac thi do tir tham p sé bién doi
dot ngot va véc to cam ang tir Bciing bién d6i. Vi VAy nguoi ta dua ra dai luong
cudng do tir trudng H khdng phu thudc vao |
Véc to cuong dé tir truong H tai mét diém M trong tir truweong 1a mét vée to
bang ti 6 gista véc to cam vmg tir B tai diém doé véi tich po.
H =2 (1.10)
Mokt
Trong hé SI don vi cta cuong do tur truong la ampe trén mét. Ki hiéu A/m
5. Cac vi du xac dinh véc to cam @ng twr
Thi du 1: Mot day dan Ia nira duong tron AB ban kinh R

dugc dat trong mot tir truong déu B va c6 dong dién | chay

qua nhu hinh v& Tinh do 16n cua tir luc F tac dung vao
day dan AB. Hinh 1.3: luc tir tAc dung Ién
Hirong dén gidi cung day ddn mang dong dién
Xét doan day dl nho. Poan nay sé chiu tac dung cua luc tur:

dF, = Idi x B, huéng rasau va c6 d6 lén dF, = IBdl sina = IBRsinada

Do d6 day s& chiu tac dung mot luc: F = del = RlBjsinada —2RIB
AB 0

— F L mat phdng hinh V& huéng ra sau.

Vi du 2: Xéc dinh véc to cam ing tir do dong dién c6 cuong do | chay trong doan day

dan thang AB gay ra tai M céch day dian AB mot khoang h



Huéng dan giai:
Xét yéu té dong dién Id trén doan AB. Khi

d6 véc to cam ang tir do yéu té I'dl gay ratai M Ia:

Lo Lt Ldixr B N -

dB = 1.11
A7 ( ) X dB @
A - A I4 :l\_
Theo nguyén ly chong chat, véc to cam ung tu do O 0 & [
doan AB mang dong dién | gay ratai M la: . D_\
) Id? [le,
B = fdﬁ (1.12) 1
A

Hinh 1.4: Cam ung tir gay boi
dogn day dan mang dong dién

Ding quy tic vin nit chai, suy ra dB huéng tir ngoai vao trong va wuong goc Voi
mat phang hinh v&. Nén véc to cam ung tir tong hop B ciing c6 hudng tir ngoai VAo

trong va wudng goc mat phang hinh vé.

B B -
ot ¢ 1.dlsing
B=|dB=
IA ix { 2 (1.13)

Tur M ta ha duong wodng goc vai AB tai O va OM = h, 8 la goc hop bai ldlva r va |

la khoang cach txr O dén Idl

h.dé .
Taco: | =hcotgéd=dI =snig’ dl 1a dudng di, ta chi lay gia tri do 16n nén bd qua

diu -. Ma r=—" do dé (1.13) tré thanh:
sin@

hdg .
IUOlu e Sin2 HISIna IUOIUI % ede B IUOIUI 9 9
B= = sin0.dd = B = cos & —Ccos
Az ( h jZ 47zh-9[1 47rh( 1 2) (1.14)
sin@
& dang véc to ta co: Ezﬁo—/ﬂ(cosel—cosez)ﬁ (1.15)
T

N 1a véc to phap tuyén cta mat phing gisi han béi AB va diém M, chiéu cua n tuan
theo quy tic cai dinh &¢: xoay cdi dinh éc sao cho né tién theo chiéu dong dién thi

chiéu quay cia cdi dinh éc 1a chiéu cua N, ciing chinh la chiéu cia B.



Tir két qua cua (1.15) tasuy ra mot sb trudng hop dac biét sau:

S LT ’ w1 -
v OBt My By =L
: t 2mh b) | mh
: | h
a) I | -
I A I
&) » . I,
‘~ P B
M

Hinh 1.5: (a) day AB rat dai, (b) niza dwong thang, (c) diém M nam trén duong

+h SvnAa AD

a) Néu day AB rét dai, hoic diém khao sat rat gan AB thi cosg, =1 va cosé, =-1 khi

5 _ Moul
. 2. B=""—n
do ta co: 2.7h

b) Néu AB rat dai va diém M nam trén duong widng goc véi AB tai mot dau day:

(1.16)

Bt -
477h

c) Néu diém M nidm trén duong thing AB. Thi 1.dl cing phuong véi r. Do dé

(1.17)

dB =0 va cam ung tr tdng hgp tai M

B=0 (1.18)
Vi du 3: Tir truong tao boi hai dong dién song song dat trong khong khi. Hai dong
dién thang va dai, dat song song v cach nhau 240 mm V&i cung do twong ung bang I,
= 20A VA |, = 30A. Hai dong dién c6 cung chiéu nhu & hinh vé. Hay xac dinh cam tng
tir tai mot diém P nam trong mat phang cua hai dong dién va & chinh gitra khoang
céch gitra hai dong dién do6.
Huéng dan giai:
Cam 1ing tir tai diém P 14 tong vecto ctia cam ung tir B, do dong dién I, gdy ra va B,

do I, gay ra. B 16n cua B, va B, duoc cho bai biéu thic:



B :,uo;u|1 Va B ::uo/ulz
' 2zR > 2zR,

Huéng cua mdi cam ung tir duoc cho trén hinh V& (a) va dugce xac dinh bang

quy
I ® I
P [ — ]
3
E?*—-l—i—h? ()
B [ : 1
I, ® I
(a) (b)

Hinh1.6: Tir truong tai diém P bang téng
dong gop cua hai dong dién (@) Nhin hinh
ter mot dau, (b) Nhin tzr phia bén

tac ban tay phai. Tai diém P: B, VA B, ngugc huéng nhau. Tong vecto B=B, +B, cO

huéng cua B, va do 16n cia vecto tong la:

B=B,-8B,= 24 L) 9107 mp), [OA _20A 0 _ 1790
27 \R, R 012m 012m

§1.3 CAC PINH LY QUAN TRONG VE TU TRUONG
1. Pwong cam @ng tir (dwong Suc tir trweong)

Tuong ty nhu duong sic dién trudng, véc to cam ung tir B co thé bién doi tur
diém nay qua diém khac ca v& hudng va do lén. Vi vay, dé c6 maot hinh anh vé mit
hinh hoc cu thé cho sy bién d6i 4y, nguoi ta dua ra dinh nghia vé dudng cam ¢ng tu.

Puong cam ing tir la duwong cong vach ra trong tir trieong sao cho tiép tuyén
tai moi diém cua no trung vdi phuong ciia véc to cam g tir tai nhitng diém ay, chiéu

Ciia dwong cam ing tir 1a chiéu cia véc to cam umg tir.



v
R == 2 /N
in_gf-—"*s\;/_i | ’ @ *\;‘-';':Tl — r "
("% | I ) | a4
L S \\H /]
(a) (b) (c) (d) (e)

Hinh 1.;3: Tir phé (a) nam cham hinh thanh; (b) nam ché}m hinh chiz U, (c) dong dién
thang dai; (d) vong day tron mang dong dién; (e) ong dday mang dong dién

Ngudi ta quy udc V& sd dudng cam Gng tir qua mot don vi dién tich nim wiéng
goc Voi phuong cua tir truong, ti 1€ vai do 16n cua véc to cam tng tir tai noi dat dién
tich do.

Tap hop cac dudng cam wng tir hop thanh tir phd. Tir phd cho ta biét mot cach
khai quat nhung ciing twong d6i day du sy bién ddi cua tir truong tir diém ndy qua
diém khac.

Nghién ctu tir phd cua tir truong ¢ trén ta thay cac duong cam ang tir 1a cac
duong cong kin, mot truong ma c6 cac duong suc khép kin dwoc goi la mot truong
x0dy. Vay tu truong la mot truong xoay.
2. Twr thong

Xét mot dién tich dS nho sao cho véc to cam
g tir tai moi diém trén dién tich dy c6 thé coi
la bang nhau.

Tur thong gui qua dién tich dS la dai

lirong vé gia tri bang

Hinh 1.9: Dinh nghia tir thdng guzi
qua dién tich dS

Trong d6 B la véc to cam ung tir tai mot d@iém bdt ki trén dign tich dy, dS 1a
MGt véc to nam trén phuong phdp tuyén n véi dién tich dang xét, cé chiéu la chiéu

dwong ciia phap tuyén dé, va c6 dé 1on bang chinh dé 1on cua dién tich do.
Goi a la goc gitta véc to vi phan dién tich dS va véc to cam tng tir B (tac 1a

véc to phap tuyén n cua dién tich dSva B), B, 1a hinh chiéu cua véc to B I&n phap
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tuyén d6, dS, 1a hinh chiéu cua dién tich dS trén mat phang wudng goc véi duong cam
ung tu. Ta co:
dg =BS.cosa =B, .dS =B.dS, (1.20)
Tur théng gui qua dién tichI6n S la:

¢:j§.d§ (1.21)

Néu dién tich S 1a phing V& ndm trong tir trudng déu (B =const ) wudng goc V6i
cac duong cam ng (o =0) thi ta co:

¢=[Bds=B[ds=BS (1.22)

Trong hé SI don vi tur thong lavé be. Ki hiéu Wb

Tir (1.22) Néu cho g=1Wb, S = 1m? thi: B =g=i""? 1T
m

Vay: Tesla la cam ing tir cia mét tir théng déu 1 vé be xuyén vudng goc qua mgt mat
phang c6 dién tich 1a 1 mét vudng.
3. Pinh ly Ostrogradsy — Gauss (O — G) ddi véi tir truong

Ta biét rang, d6i voi dién truong, dinh Iy O — G dugc phét biéu “Thdng luong
dién truong goi qua mat kin bat ki thi bang téng cac dién tich chira trong mit kin do
chia cho hang sb dién méi g,¢ « Bang cach suy luan tuong tu, d6i Véi tir truong ta co
thé phat biéu dinh Iy O — G nhu sau: Tir thdng goi qua mit kin bat ki thi bang téng céc
tir tich chira trong miat kin d6 chia cho hing sb tir ot Tuy nhién, su khic nhau cin
ban gitta dién truong Va tir truong & chd dién trudng tinh duoc gay ra béi cac dién tich
dtng yén, con tir trudng dugc gay ra boi cac dién tich chuyén dong cho téi ngay nay,
ngudi ta chua hé tim thdy céc tir tich trong ty nhién,

Tir hinh 1.10 ta quy wéc d6i voi mot mat kin, ta chon chiéu duwong cua phép
tuyén 1a chiéu hudng ra phia ngoai mat do. Vi vay tir théng tng véi dudng cam ang tir

di vao mat kin 12 am (tai M;: o > 90° néndg =BS.cosa <0); tir thong ang v&i dudng
cam ung tir di ra mat kin 1a dwong (tai M,: o < 90° nénd¢ =BS.cosa >0). Vi cac

duong cam ung tir 12 khép kin, nén sé duong cam tng tir di vao mit kin bang sé

duong cam Gng tr ra khoi mat kin d6 nén tir thong cua cac duong cam ung di vao mat
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kin bang tir thong cac duong cam Gng di ra khoi mat kin nhung trai dau nhau. Két qua
tir thdng toan phan giri qua mat kin bang khong.

Dinh ly: Tir thdng toan phan géi qua mét mat kin bdt ki ndo ciing bang khéng.

Biéu thac: <ﬁ BdS=0 (1.23)
S
Theo toan hoc: qSE.d§ :jdivﬁ.dv =0
S \%

Hay dang vi phéan: divB =0 (1.24)
Tur (1.23) va (1.24) duong suc tur truong la duong khép kin. Ta ndi tur truong la mot

truong Xoay.

M,

(S)
i)

Hinh 1.10: Tinh ter thdng guri qua
mat kin (S) bat ki

4. Pinh ly Amere (vé luu théng ciia véc to cwong dd tir truong)

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

doan cung dl = MM du nho, tich phan gS H.dI duoc goi 1a luu thong cua véc to cudng
©

do tur truong doc theo duong cong kin (C).

Trong trudng hop don gian, (C) bao quanh dong dién | chay trong day dan thang dai
V& gia st (C) ndm trong mat phing wdng goc véi day dan. Ta c6: Hdl = Hdlcosa
Voi o 1a goc gitta H va dl. Vi dl =MM rat nho nénr = r’; dl.coso = HM = r'sin(dg) =
rde.
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B I

Mat khac: H = -
Mot 27¥
Hinh 1.11: liu sé ciia véc to cwong do
ter truong doc theo duwong cong kin (C)
Suy ra ﬁ.dT=L.r.d¢=ﬂ
2xr 2

Tir @6 tinh duoc Iuu théng cua véc toH doc theo dudng cong (C):

o I 2
Hdl=— | dp=I (1.25)
(CJC‘)) 27 -([

Két qua nay ta da ldy tich phan theo chiéu thuan véi chiéu cua vec toH . Trong

trung hop tinh tich phan theo chiéu nguoc lai thi goc a > 90° vad H.dl =
(&)

Néu duong cong kin (C) khéng bao
quanh dong dién I

PHAI=0
@

Trong truong hop duong cong kin (C) bao

quanh nhiéu dong dién thi tir nguyén ly

chdng chét suy ra, luu thong cta véc to H

s& bang tong dai sb cac dong dién do. Hinh 1.12: Binh Iy Ampere Vé tir truong

Dinh Iy: Luu théng cia véc to cwong dé tir truong H doc theo mét dwong cong kin
(C) bdt ky bang téng dai s6 cdc cwong dé ciia dong dién xuyén qua dién tich gisi han

boi duong cong kin do.
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95 Hdl = Zn: l. (1.26)

©)
Néu dong dién xuyén qua dudng kin ta quy wéc chidu dong dién hudng Ién [a +I thi
chiéu dong dién huéng xubng 1a -1
5. Bai tap vi du
Vi du 1: Mot mat kin dang ban cau voi mat day 1a (S;) ban kinh R va mat ban cau
(S,), dat trong tir truong déu B hudng xuyén vao miat day va vudng goc voi mat day
nhu hinh v&. Xac dinh tir thong giri qua mat (S,).
Huéng dan gidi
Vi mat ban cau gigi han gitra (S;) Va (S,) 1a mat kin nén sé duong suc tir di vao mat
(S,) bang s6 dudng suc tir di ra khoi mit (S,).

Ap dung dinh ly Ostrogradsky — Gauss, ta c6 tir thong giri qua toan bo mat kin 1a;
p=¢+¢= ¢ BdS=[B.dS +[B,dS,=0 (1.27)
Sl S2

(51+52)

(1.28)

[

Hinh 1.13: Xdc dinh tur
thong qua mat (S,)

Vi du 2 : Tinh luu sb vecto cudng d6 tir truong doc theo duwong cong kin (C) nhu hinh
V&. Cho I, = 8A; I, =5A: I;= 15A; I, = 7A.
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