Chwong 30
NGUON CUA TU TRUONG

 rong chuong trude chiing ta chu yéu khao sét luc do tir truong tac dung 1én mot
»,dién tich Chuyen dong hoic Ién vat dan c6 dong dién chay qua. Chuong nay s€
27 X6t t6i ngudn goc cua tir truong. Ngoai ra, chuong nay ciing dé cap dén cac qué
“ trinh phtrc tap xay ra bén trong vat liéu tir. Moi hiéu tng tir bén trong vat liéu cé
thé duoc giai thich trén co s6 mémen tir nguyén ti, phat sinh tir ca hai chuyén dong quy dao
cuia cac electron va tinh chat cua cac dién tir dwoc goi 1a spin.

- Nguén goc cua tir truong 1a do sy chuyén dong cua cac hat mang dién.

- C6 thé tinh todn cam @ng tir do sy phan b cac dong khac nhau.

- Dinh luat Ampere dé tinh toan cam ng tir cia mot cu hinh déi xang cao mang dong.
- Hiéu ung tir trong vat liéu cé thé duoc giai thich trén co sé ciia mdmen tir nguyén ti.

30.1.DINH LUAT BIOT-SAVART

Biot va Savart da tién hanh thi nghiém vé luc tac dung béi mot dong dién 1én mot nam
cham dat gan n6. Tur két qua thi nghiém, Biot va Savart da dua ra dinh luat nham tinh vi phan

cam ung tr dB tai mot diém P trong khdng gian gay boi mot vi dB,, 7 P
phan dong di¢n Ids c6 chiéu dai ds cua mét sgi day mang dong P
dién khong doi I. e
Pinh lugt Biot — Savart: Vi phan cam ung tir dB duoc tao boi 1 /
vi phan dong dién Ids c6 biéu thirc nhu sau: =
N 1ds x ]
dB = Z o (30.1) e
mr Hinh 30. 1 Tz truong

Vi # 14 vec-to don vi ¢6 chiéu tir phén tor vi phan dong dién gay ra bgi vi phan dong
dén d1em tinh cam tng tir va |7 = 1; pu, = 4m. 1077 T.m/A la dién tai diém P ¢ chiéu
hang sb tir tham d6i vai chan khong (permeability of free space) hwong ra va tai diém P’
hay thuong goi 1a hang sé tir. c6 chiéu hwrong vao.

e Do I6n cua dB duge xac dinh bang biéu thuc

Uo I.ds.sinB

dB = ————— 30.2
4T 12 ( )
Vi 6 la géc hop boi dsvar
e Phuong cua dB : vudng gc véi mit phing chia d3 va 7
e Chiéu cua dF duoc xéac dinh bang quy tic ban tay phai (hay quy tic vin dinh éc)
khi xac dinh chiéu cua tich hitu huéng (ds x 7) nhu trén hinh 30.1.
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Cam g tir gy ra béi cd dong dign 1: 13y tich phan biéu thic (30.1) doc theo toan bo
dong di¢n.

- Uo (IS XT
B=ﬁ — (30.3)

binh lugt nay ciing phit hop cho dong dién |a nhitng hat mang dién chay trong khong
gian, chang han nhur chiim tia trong may gia toc. y: NG

Céu héi 30.1: Cho mot dong dign nhur hinh 30.2. Sap xép tir I6n dén

nho do lon cam tng tir gay ra boi dong dién vi phan 1ds tai dieém A, a3 -

B, C nhu trén hinh. .
AL, Hinh 30. 2 Cau hoi

30.1
Bai tap mdu 30.1:
Xét mot soi day mong, thang cé chiéu s y
dai hitu han mang dong I khong doi
va dugc dat doc theo truc x nhu hinh AR
30.3. Xac dinh vec-to cam tng tx B N, \
do dong dién nay gay ra tai diém P — \
cach day mot doan a.

Giai

Xét mot phan tr vi phan dong dién
1d5 c6 chiéu dai ds, cach diém P mot
doan r nhu hinh 30.3a. Chon hé toa
d6 Oxy nhu hinh vé. Ta co:

Hinh 30. 3 (a) M¢t day manh dai mang dong
dién | va (b) Goc &, & ding dé xdc dinh tir
truong.

- A . T T =~
ds X+ = dx.sm(z—e).k = dx.cos0.k

(Do day thang nén |ds| = dx)

v6i mat phang giay, chiéu huéng ra.

Gid sir dong dién va diém P ndm trén mat phang gidy thi dB c6 phuong vudng goc

Ap dung dinh luat Biot — Savart ta tinh dugc cam @ng tir do phan tir vi phan dong dién

gayraoP:
Uy IdS x# u,ldx.cos6.k
dB = — = 1
4T r? 41 r? M
| Tir hinh vé ta co:
cosf@ =—; tanf = —
I Tudosuyra:
a de
= ; = —atan0 2 dx = —a—= 3
r cos6 x atan @) - dx a(c059)2 3



I Thé (2) (3) vao do Ion cua dB & (1) va lay tich phan trén toan bo doan day:

0,
1
B = —'uL.[ cos6.do
41ta
01
wol | . ,
- B =——(sin6; — sinf,) (30.4)

4ta

Két ludn : vec-to cam g tir B do day dén thang hi#u han mang dong dién 1 gay ra
tgi diém P & trén (nhw hinh 30.3) c6 phwong vuéng géc mat phing gidy, chiéu
hwéng ra, dj 6n dwoc tinh bang biéu thic (30.4).

Cudi cling, ta cd thé si dung biéu thizc (30.4) cho mét sé trieong hop ddic biét nhuwr sau:

Day dan thang dai vd han & mot dau hoac ca hai dau. Vi dy truong hop day dan thang
dai vo han hai dau, lGc ndy toa do x thay doi tir —oo — 400 nén 6, = T[/Z ;0, =
—T/,, thay vao biéu thirc (30.4) ta dugc cam ing tir gay ra béi dong dién thang
dai vd han hai diu tai diém cach day mét doan a la:

bl

 2ma
Truong hop diém P ndm trén phuong cua day thi 6, = 6, = 0 hoic 6, = 6, = 7 nén
khi diem tinh cam &ng tir nam trén phwong cua day dan thi B =0.

(30.5)

Bai tap mdu 30.2 :

Tinh todn cam Ging tir tai diém O cho doan day mang dong dién v
trong hinh 30.4. Day gom hai phan thang va mot cung tron ban A ot
kinh a, goc & tdm 6. T

A ’ﬂdS’
Gidi ()C-J_ff

Do diém O ndm trén phuong cua hai doan day A’A va CC’ nén ~
theo ket qua bai trén B = 0. Vi vay, ta chi can tinh cam tng tir ‘

do dong dién la cung tron gay ra. . .
Ak LA e A A A ., .. Hinh30.4 Baitap
Xét mot phan tir vi phan dong dién Ids trén cung tron co chiéu mdu 30.2

dai ds, cach diém O mot doan a nhu hinh 30.4. O day :

7 va ds ludn vudng géc véi nhau nén |d3 x 7| = ds.sin~ = ds.

Néu 7 va ds nam trén mat phang gidy thi 4p dung quy tac ban tay phai, vec-to ds x 7
c6 chidu huéng vao mat phang gidy. Vi vay, dB ciing ¢6 chidu huéng vao. Suy ra, cam
ung tir diém O c6 chiéu hudng vao.

Ap dung dinh luat Biot — Savart ta tinh duwoc dd 16n cam tng tir do phan tir vi phan
dong dién gay ra tai O la:



dB = ——
41 a?

L4y tich phan biéu thirc trén trén toan bo dong dién ta s& thu duoc cam ung tir do dong
dién la cung tron gay ra tai tam la:

B=jd

- B =

Ids I [
p= | D_ H j ds
4w a?  4ma? ),

uol
4mta’
V4i 0 tinh theo radians

0 (30.6)

Két lugn: vec-to' cdm ing tir B do dong dién |1a cung tron, goc & tém la @ mang dong
di¢n | gay ra tai tam cé phwong vudong géc mgt phang giay, chiéu hwéng vao, do
lon dworc tinh bang biéu thic (30.6).

Cha y: néu cung tron 1a mot dudng tron thi 6 = 27, tir biéu thic (30.6) ta co thé suy ra
cam ung tor tai tdm cia mgt dong di¢n tron ban kinh a nhu sau:

Kol mol
.2 B =
4dmta Tz 2a

Bai tap mdu 30.3 :

B = (30.7)

Xét mot vong day tron c6 ban kinh a nam trong
mat phang yz va mang dong | 6n dinh nhu trong
hinh 30.5. Tinh cam Gng tir tai mot diém P nam
trén truc cua vong day, cach tam vong day mot  -—

khoang x. N \J g
dB~x

Glal . Hinh30.5Baitdp mdu 30.3
Tuong ty cac bai trén, ta cling xét phan ti vi phan
dong dién Ids trén vong day co6 chiéu dai ds, cach diém P mot doan r = Va? + x2.
Ap dung dinh luat Biot — Savart ta tinh duoc vec-to cam ng tir do phan tir dong dién
gayrataiOla:

o Ids x #
dB = Ho
4T 1?

St dung quy tic ban tay phai ta xac dinh duge phuong, chiéu cia dB nhu hinh 30.5.
V& do 16n, do # va d3 ludn vudng géc véi nhau nén |ds x 7| = ds. sing = ds suy ra
dB =%

41 a?+x? ¢y

Cam tng tir tong hop do vong day gay ra tai P :

§=fdﬁ:j@dBj#de_x’:de_x’:jgdB.cose.i (2)

Uo lds




(Do tinh chdr dsi xamng nén khi Idy tich phan trén toan bg vong day thi § dB, = 0)
Theo hinh vé ta co :

a a
cos =—=——= (3
T Va? + x? 3)
I Thé (1) va (3) vao (2) tasuy ra:

E,:j[)’uo Ids a Ul a

— : A= 2na. i
AT a? + x% \[qZ + x? A1 (a? + x2)3/2

Két lu@n : Vec-to cam tng tir do vong day ban kinh A
a, mang dong dién | (cO chiéu nhu hinh 30.5) giy ra
tai diém nam trén truc cua vong day, cach tam vong
day mot doan x c6 phuong vudng goc voi mit phang f@
DPwong suc tir la hhimg duong ve trong khong gian cod
tur trrong, sao cho tlep tuyén tai méi diém co phuong, chiéu B (b
triing voi phuong, chidu cua vec-to cam ing tir tai diém do. Hinh 30. 6 (a) Puong sirc tir

vong day, chiéu hudng ra xa vong day va c6 do 16n @
1a?
B = % _
2(a2+x2)3/2

Hinh 30.6a cho ta thay hinh anh cua duong suc trquanh  xung quanh mgt dong dién
mot dong dign tron. Chung ta c6 the quan sat hinh dang cua tron, (b) dwong suc tir cua mot
no6 bang thi nghiém tir pho. nam cham.

Sy tuong ddng vé hinh anh duong sac tir cia mot nam cham va mot dong dién tron thé
hién trén hinh 30.6.

30.2.LUC TU GIUA HAI SOI DAY DAN SONG SONG

Chuong 29 dd dé cap dén lyc tir tac dung 1én dong dién khong ddi | khi nd nam trong tir
truong déu BIAF =1lxB.

O day, ta s& xem xét khi hai day dan thang dat gan nhau thi . ]
tuong tac gitta ching s& nhu the nao. Phan 30.1 da cho chung ta ; A
thay tur trudng Xuat hién quanh mot dong dién. Tir cac bai tap mau, : 2 L
cho ta cac bicu thuc tinh cam ung tir xung quanh mot dong dién
thang. Va khi ta dat mot dong dién khac lai gan mot dong di¢n ban —

dau thi dong dién khac d6 s& chiu tc dung cua lyc tir do dong dién Hinh 30. 7 Hai day ddn
ban dau gay ra.

)

mang dong  dién cung
Xét hai soi day din song song mdi soi mang mét dong dign Chiéu thi hat nhau

khong ddi nhu hinh 30.7. Day 1 mang dong dién |1 gay ra tir truong B, va day 2 mang dong

dién 12 gay ra tur truong B,. Hai dong dién vao hai day cung chiéu véi nhau. Khi hai dong

dién nay dat gan nhau, luc tir do day 2 tac dung lIénday 1 1a :

F=1LlxB, - F=1LIB, (30.8)



Ap dung quy tic ban tay phai, ta xac dinh dugc phuong va chiéu cua luc Fl) huéng vé
phia day 2 nhu hinh 30.7

Tuong tu, luc tir do day 1 tdc dung I1én day 2 1a :
Va chiéu cua luc F, ciing huéng vé phia day 1.
Chinh vi vay, hai day dan song song mang dong di¢n cung chiéu thi hat nhau. Nguogc
lai, hai day dan song song mang dong dién ngwoc chiéu thi day nhau.
~ Dé tinh toan d¢ lon céc lyc tir F; va F; ta chi can thé biéu thuc tinh cam (g tir cia day
thang dai vo han (30.5) vao. Ket qua thu duoc hai luc nay c6 do I6n nhu nhau, goi né 1a Fs —
luc tir twong tac gitra hai dong dién thang dai v6 han. Chdng ta cd thé viét lai d6 lon luc tir
nay trén mot don vi chiéu dai :
Fy _ #ohl,
[ 2ma
Tir phuong trinh (30.9), néu hai dong dién déu c6 d6 I6n 1A va hai day dat cach nhau 1
m thi luc twong tac gilta ching trén 1 don vi chicu dai la 2.107 N/m. D6 chinh 1a noi dung
cua dinh ly Ampeére vé luc tuong tac gitra hai dong dién.

(30.9)

Cau hai 30.2 : Mot 10 xo xoan khong 6 dong dién dugc treo trén tran nha. Khi bat cong tac
de dong dién chay vao 10 xo, hoi cac vong xoan cua 10 xo (a) di chuyén gan nhau hon, (b) di
chuyén xa hon, hoac (c) khéng di chuyén chit nao?

Bai tap mdu 30.4:

Hai day song song dai v han nam trén mat dat cach nhau mot khoang a = 1 cm nhu
trong hinh 30.8a. Mét day thu ba, co

chiéu dai L = 10 m va khoi lwong 400 i — Frx R AFu
g, mang dong I = 100 A va dugc dat A e *’;, \

hi hai day da by L ’ n
phia trén hai day dau tién, ¢ vi tri nam 2wl — ar @
ngang gitra chung. Cac day dai vo han Ny —7 SR

mang dong dién I bang nhau, cling & L@ ---g=-- ©L

chiéu véi nhau, nhung nguoc chiéu Véi
l1. Hoi gia tri dong I2 1a bao nhiéu de‘3
sgi day tao thanh mot tam giac deu
(nhu hinh vé 30.8b)?

Giai

Gia sir chiéu dong dién | 1 Ve va l2 nhu hinh vé. Lyc tac dung vao day tha ba mang dong
dién 11 bao gom trong lyc F, F, va lyc tr FBL, FBR lan luot do day dai vo han bén trai, bén
phai tac dung 1én (hinh 30. 8 b).

Ta co:

Hinh 30. 8 Bai tdp mau 30.4




— 1o Holilz
|Fa.| = |Far| = oma -

I Phuong trinh dong luc hoc :
F;J + FBL + FBR = 0
I Chiéu PTDLH trén 1én phuong dung, chon chiéu duong hudng 1én ta duoc :
—F; + Fg,c0s6 + Fggrcosf = 0

L1 I
Uolq 2L.cos€+'uo 112
2ma

Theo bairataco m=0,4kg, L =10m, I = 100 A, a = 0,01 m thé vao phuong trinh
trén ta tinh duoc 12 = 113 A

-mg +

30.3.DINH LUAT AMPERE

Andre-Marie Ampere (1775 — 1836). Nha vdr Iy nguoi Phap, noi tiéng véi su khdm pha
ra dién tur, moi quan hé giiza dong dién va cam ung tur. Ngodi ra, 6ng ciing co cdc cong trinh
toan hoc.

truong 1a cac duong tron ddng tam véi day. Cac dudng suc

nam
ung
Dun

Tir trwong ciia day dan mang dién: cic dudng suc tir T’
l

trong mat phang vubng goc véi day. Do [6n cta cam
tur 1a khong doi tai moi glem cach day mot khoang a.
g quy tac ban tay phai dé xac dinh hudéng cua cam tng |

tir nhu hinh vé& 30.9. @ﬁ

La ban co thé dugc sir dung d¢ phat hién ra tur treong.

Khi khong co dong di¢n trong déay dan, khong c6 tir ’
trudng boi dong dién. Moi kim la ban luén huéng vé Hinh 30. 9 Quy tac ban tay

cuc bic cua trai dat (do tir truong cua trai dit) nhu phai dé xdc dinh tir truong xung
hinh 30.10 a. quanh mét day thang dai mang

o i . dong dién. Chu y, dwong suc tur la
Khi day dan mang dong dién I6n, tic la Xxung quanh  ¢4¢ vong tron xung quanh sei day.

day dan co tur truong. Cac kim la ban léch huéng

theo phwong tiép xdc v6i vong tron, tirc 13 theo chidu cua vec-to cam ang ti B do dong
dién gay ra tai diém dat la ban (hinh 30.10 b). Néu dong dién bi dao chiéu thi chiéu
cua cac kim la ban ciing dao

Tu truong tron xung quanh day dan duoc klem chang bang thi nghiém tr pho bang céch

ric mat st xung quanh day dan. Mat sit s& xép trat tu thanh nhimg hinh tron déng tam xung
quanh day dan khi cho dong dién chay qua day dan nhu hinh 30.10 c.



Hinh 30. 10 (a), (b) cac kim la ban cho thdy tac dung cua dong
di¢n trong day dan dat gan dé, (c) Cdc dwong suC tir Xung quanh
day ddn mang dong dién, dwoc hién thj véi mat sat.

Phat bidu Dinh luat Ampeére : Tich phdn dwong Bd$ quanh mét dwong cong kin bat ky
cé gia tri bang u,lI, o day I la tong cwong do dong dién khong doi xuyén qua dién tich gigi

han boi duong cong do.

¢ Bds = p,l (30.10)

Dinh luat Ampére md ta sy tao ra tir trudng caa moi cau hinh
dong dién lién tuc. Nhung & cp d6 toan hoc, né chi hitu ich dé tinh
toan cac dong dién c6 cau hinh d6i xung cao. Viéc sir dung n6 twong
tu nhu dinh luat Gauss trong viéc tinh toan dién truong cho cac phan
bé dién tich dbi xang cao.

Cha y: khi sir dung luat Ampére, ta 4p dung quy tic ban tay phai
theo huéng caa dong dién (chon la chiéu duong) Xuyén qua vong
day va cac ngon tay cudn theo chiéu caa vong day can lay tich phan
(con goi 14 vong Ampére). Dong dién nguoc chiéu lai ¢ gié tri am.

Cau hai 30.3 : Hay sap xép theo thir ty tir I6n nhat dén nho nhat
do 1on cua 93§d§ quanh cac duong cong kin a, b, ¢, d nhu hinh
30.11.
Cau héi 30.4 : Hay sap xép theo thir ty tir I6n nhat dén nho nhat
do 1on cua 93§d§ quanh cac duong cong kin a, b, ¢, d nhu hinh
30.12.

Bai tap mdu 30.5 :

® 1 @54

@2A

i

Hinh 30. 11 Cau hoi
30.3

a

b

Hinh 30. 12 Cau hoi

30.4

Mot day dai, thang ban kinh R mang dong dién khong doi 1, phan bo déu qua tict dign
cua day (Hinh 30.13). Tinh cam &ng tur tai diém cach tdm mat doan r trong cac vung

r>Rvar <R.
Giai



Dong dién duoc phan bd déu xuyén qua mit cat cia vong
day. Khi vong déy c6 tinh doi xtng cao, bai toan c6 the ap i /
dung dinh luat Ampére dé giai.

Chon vong tron Ampeére la vong tron c6 ban kinh r, chinh
la vong tron 1 va 2 twong tng véi haivangr = Rvar < R
nhu hinh 30.13. Theo quy tic ban tay phai ¢ng véi chiéu
dong dién nhu hinh, ta xac dinh chiéu cua vong tron
Ampere. Ta ¢6, cam (g tir B tai moi diém trén duong tron Hinh 30. 13 Mt day
nay déu c6 do l6n nhu nhau va déu cung phuong cung chieu thang ban kinh R, ¢6 dong
voi ds. Vay nén ta cd : dién khong doi |

f§d§=f3.ds=8fds=8.2m’

Ap dung dinh luat Ampére :

Xét vung bén ngoai day > R :

pol
2nr

jgﬁd§=uol - B.2nr=u,d - B= (khir>=R) (30.11)

Két qud (30.11) nay gidng véi két qud dinh ludt Biot — Savart.
Xét vung bén trong day < R :

jgl;_?)dé’ =u," - B.2mr=u,d (1)

Vi I’ 1a dong dién & bén trong vong tron Ampére (phan

dong dién bén trong vong tron 2). Ta c6 dong dién ty 1€ voi
nr? néntacothé lap ty ¢ : B r
|
' mr? INBx*1/r
7= (@) |
I @R :
I Thé (2) vao (1) tasuy ra: = r
Bol Hinh 30. 14 D6 16n

~2mrz " (khir <R) — (30.12) cua ter truong So Voi r

Nhgn xét két qud: Cam tng tur ty 1€ thuan véi r bén trong day, ty 1€ véi 1/r bén ngoai
day. Ca hai phuong trinh bang nhau tai r = R (hinh 30.14).

Bai tap mdu 30.6:

Mot thiét bi goi 1a hinh xuyén Toroid (Hinh 30.15) thuong duoc sir dung dé tao ra tir
trrong gan nhu dong nhat trong mét so khu vuc kin. Thiét bi nay bao gom mot day




ddn duoc quan quanh mot vong (hinh xuyén) 1am bang
vat liéu cach dién. Dbi voi mot hinh xuyén c6 N vong
day cach déu nhau, hay tinh cam ung tir tai mot diém
cach tam vong day hinh xuyén mot khoang r.

Gial

Tuong tu bai trén, ta cling vong tron Ampere la vong
tron c6 ban kinh r (vong 1 — Loop 1 trén hinh 30.15). Ap
dung dinh luat Ampere:

ﬂgﬁdé’:fB.ds:des=B.2m‘=uONI

ISuy ra:

Hinh 30. 15 Bai tdp mau 30.6

poN1
B = 30.13
2@r ( )

Nhgn xét thém: Cuon day hinh xuyén gdm nhiéu vong day. Cac vong day dugc quan
chat, cam ng tir bén trong cuon day tiép tuyén voi duong tron nét dat (vong 1) va
thay doi theo 1/r. Chiéu dai a 1a mat cat ngang béan kinh cua 6ng day. Cam @ng tir ngoai
6ng day rat nho va cé thé dugc mo ta bang cach sir dung vong ampere (vong 2) bén
phai vudng goc véi mat phing gidy.

30.4.Tir trweong caa 6ng day Solenoid

Day solenoid 1a mot cuon day dai quan chat hinh xoan. Mot tir truong déu duoc tao ra
trong khéng gian xung quanh baéi cac vong day.

Hinh 30.16 cho thiy & phan bén trong cta dng day solenoid, duong suc bén trong ng
day la gan nhu song song véi nhau, phan bé déu, kin. Diéu nay cho thay tir treong gan nhu
dong nhat.

N
4
i

Hinh 30. 16 Duwong suc te R . e . 4 A
ciia éng day solenoid quan Hinh 30. 17 Duwong suc tir cua ong day

khong chdt (sit) solenoid dwoC quan chat.

10



Néu cac vong day duoc quén sit hon, tir trudng bén trong tré nén déu hon va bén ngoai
trd nén yéu hon. Su phén bo tir trrong 10c nay tuong tu mot thanh nam cham nhu trén hinh
30.17.

Mot ong day solenoid 1y tudng c6 dic diém: cac vong dugc quan sit nhau va chiéu dai
ong day lén hon nhiéu so véi ban kinh vong day.

Dé tinh toan cam ng tir bén trong 6ng day solenoid, ta co thé st dung dinh luat Ampére.

Xét mot vong Ampere 13 hinh chit nhat véi mét canh c6 chiéu dai B,

£ song song véi cam tng tir bén trong va mot canh w vudng goc vai tir

trrong. Do 1a vong 2 (loop 2) trong hinh 30.18. Canh bén trong co 1@

chiéu dai ¢ déng gop cho tir truong. D6 1a canh 1 trong so do. Canh 2, : ﬁ‘

3 va 4 thi khong dong gop cho tir truong. Ap dung cua dinh luat S T

Ampére ta co: . - :\J
5£§d§= j Bds = f Bds = B.l = pu,NI : OO\

canh 1 canh 1 . % .
Véi N 1a sb vong day & trong vong Ampére. | e

Vay cam ung tir trong long 6ng day solenoid duoc tinh nhu sau:  Hinh 30. 18 So @ mdt
U, NI cdt ngang ciia mét ong
=T ponl (30.14) selenoid Iy tuong.

Vain = N/C 1a mat 46 quéan day. Cang thic (30.14) nay chi dang tai mot diém gan trung
tdm cua mot day solenoid rat dai.

Cau héi 30.5: Xét mot vong day solenoid rat dai so vai ban kinh cua né. Trong sb céc lya
chon sau day, cach hiéu qua nhit dé tang tur truong trong phan bén trong cua vong day
solenoid 1a gi? (a) nhan d6i chiéu dai caa né, gitr cho 30 vong quay trén mot don vi chiéu dai
khong d6i, (b) giam mot nira ban kinh cua nd, gitr cho s vong quay trén mot don vi chiéu dai
khong ddi (c) pha 1én toan bo vong day solenoid bang mot 16p ddy mang dong dién bo sung.

30.5.PINH LUAT GAUSS TRONG TU TRUONG

Turthdong hay 1a thong luong tir truong dugce xac dinh tuong tu nhu >
thong lugng dién truong. Xét mot vi phan dién tich dA trén bé mat co B '
hinh dang bt ky. Cam g tir trong dién tich nay 1a B, dA 1a vec-to =

vudng goc vaéi bé mat va co do 1on la dién tich dA (hinh 30.19).
Tir thdng qua mét don vi dién tich dA 1a : .

. Hinh 30. 19 Tur

BdA = BdAcos6 thdng qua mot don

Tir théng &, xuyén qua dién tich A 14 : vi di¢n tich
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Oy = jﬁd/f (30.14)

Don vi cua tir thong la T.m? = Wb (Wb:
Weber).

Nhu vay, tor théng xuyén qua mot mat
phing cua tur truong déu B ¢6 do 16n 14 : {

by = JBdAcosH = BAcosf  (30.15)

- Truong hop 6 = 90° (hinh 30.20 a): Hinh 30. 20 Tz thdng xuyén qua mét phang

cam rng tr song song vai mat thi &5 = 0.

- Truong hop 8 = 0° (hinh 30.20 b), cam &ng tu
vubng goc vai mat va @z = BA. Day la gia tri
Cuc dai cua thong lugng.

Tir truong khong cé diém dau hay diém cuéi. Céc
dwong suc tur truong thi lién tuc va la cac dwong cong
kin. S6 dwong sitc di vao bang sé dwong sire di ra cua
mot mat Kin, nhuw vi du trén hinh 30.21.

Pinh luat Gauss trong tir trudng cho biét tir
théng xuyén qua mat kin bat ky ludn luén bang khéng:
jﬂﬁdﬁ =0 (30.16)

Diéu nay chi ra rang cuc tir ¢6 1ap (don cyc tr) chua
bao gio dugc phéat hién. Co I€ ching khdng ton tai.
Bai tap mdu 30.7:

dién trong day.
Giai

so vai dong dién .

M6t vong day hinh chir nhat c6 chiéu rong a va chiéu dai b nam
gan mot soi day dai mang dong | (hinh 30.22). Khoang céch N
giita day va canh gan nhét cia vong la c. Day song song véi T

canh dai cua vong. Tim tong tir théng qua vong day do dong F—r——1

/74 +
//Xw\l\‘ W N\
< %

i

/s

e f,rj AN

AY

Hinh 30. 21 Cac dwong tur truong
suc cua mot thanh nam cham va
cua mot luong cuc dién. Tur thong
Xuyén qua mét mat kin cua ca hai
déu bang 0.

Gia str chiéu dong dién hudng 1én nhu hinh 30.22, dwa vao quy ﬁ,.ﬁ‘,_ — T
tac ban tay phai ta xac dinh dugc cam (ng tir B Xuyén qua di¢n

tich vong day c6 phuong vudng goc v6i mat hinh chir nhat,  Hinh 30. 22 Bai tap
chiéu hudng vao va do 16n cia no thay doi tdy thudc vao vj tri mdu 30.7

12



Xét mot phan tir vi phan dién tich dA co dién tich dA = b. dr, cach dong dién | mot
doan r nhu hinh 30.22, vec-to d4 c6 phuong vudng gboc véi mit phang vong day, chiéu
hudng vao.

Cam tng tir tai phan tir dA c6 do lon: B = %

Tur théng qua vong day do dong dién I gay rala:

o s Kol
&z = | BdA = | BdAcos0 = bdr
2nr

I L4y tich phan hé thtc trén khi r thay doi tir ¢ dén (c + a) ta duoc :
Ib o d Ib
r a
_Ho _ Ho n (1 )

5 = il
2T r 2T c
C

Nhdn xét két qud :
- Tu thdng 16n hay nho phu thude vao kich thude caa vong.
- Cang ra xa day (c tang) thi tir thbng cang giam

30.6.TU TRUONG TRONG VAT LIEU
30.6.1.M6men tir

NGi chung, bat ctir mot vong day dién nao ciing c6 mot tir truong va do d6 c6 mot mémen
ludng cuc tr. DBieu nay bao gom cac vong day ¢ cap do nguyén tir dugc mo ta trong mot so
mo hinh ctaa nguyén tir. N6 cling s€ gilp giai thich tai sao mot so vat liéu thé hién dac tinh tur
manh.

30.6.2 Momen tir - Nguyén tir cé dién

Céc electron chuyén dong trong quy dao tron. Quy dao electron tao AL
thanh mot dong dién tron nho. Momen tir cua electron ¢ lién quan tai
chuyén dong theo quy dao nay. Electron chuyén dong theo huéng ciamii -~ |
tén bén phai trong quy dao tron ban kinh r. Do electron mang dién ticham  “s=={--—2
nén chiéu cua dong dién sé& theo chiéu nguoc lai (hinh 30.23). \

L : 1a moémen dong lugng, u: 1a mémen tur. Hinh 30. 23 Mo
hinh co dién gidi

MO0 hinh nay gia dinh electron di chuyén véi van toc khong doi trén thich mémen tir,

quy dao tron, ban kinh r, mét vong 2zr trong khoang thoi gian T. Dong
dién do electron chuyén dong trén quy dao nay sinh ra la:
. e ev
- T2mr

Momen tir l&: y1 = 1A = ~evr (30.18)

(30.17)
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M6men tir ¢6 thé duoc biéu dién dudi dang mémen dong luong:

u L (30.19)

- 2m,

Momen tir caa electron ty I¢ véi mémen dong lugng quy dao cua nd. Hai vector Lvaj
nguoC chiéu nhau vi electron mang dién tich am. Vat ly luong tir chi ra rang mémen dong
luong bi lwong t hoa.

30.6.3 Mdmen tir caa nhiéu electron

Trong hau hét cac vat, mdmen tir cia mot dién tir bi hay bai quy dao chuyén dong cua
dién tir khac theo cung mot hudng. Keét qua cuoi cung la hiéu tng tir duoc tao ra boi quy dao
chuyén dong cua dién tir 1a bang khéng hoac rat nho.

30.6.4 Spin cua electron

Electron (va hau hét cac hat mang dién khac) c6 mot tinh chat noi tai - / s
goi 1a spin, no ciing gbp phan tao ra mémen tir. Ban than electron thi A3
khong quay. N6 c6 mot mémen dong lugng bén trong nhu l1a dang quay. /
Moémen dong lugng spin trén thuc té 1a hiéu ang twong d6i tinh. Chung .
ta ¢4 thé chap nhan mo hinh c6 dién cua spin electron nay dé cho thay i

eletron c6 mot momen dong luong (hinh 30.24). Theo mé hinh ¢é dién,
electron quay trén truc cua né. Do 16n cua mémen dong lugng spin la

V3 o 1x RS A /
S = 7?1, trong do, h la hang so Planck. Hinh 30. 24 Spin
30.6.5 Spin electron va mémen tir cua electron.

Pic trung cia mémen tir ¢6 lién quan dén spin electron co gia tri:

eh

Hspin = 2_"16 (30.20)

Su két hop céc hiang sé nay dugc goi 1a Magneton Bohr

h J
=9,27.107%*= 30.21
2m, T ( )
M6men tir téng céng cua nguyén ti 14 téng vec-to ciia mdment tir quy dao va moémen tir
spin. Vai vi du dugc dua ra trong bang bén dudi. MOmen tur cua proton hodc neutron thi nho
hon nhi€u so Vi electron va thuong duoc bo qua.

Up =

Bang 30.1: Gia tri mémen tur cia mot vai nguyén ti va ion:

Magnetic

Moment
Atom or Ion (1 ]/T)
H 927
He ]
Ne ]
Cet? 19.8
Yh' 37.1
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30.6.6 Sat tir

M6t s6 vat chét thé hién hiéu ang tir rat manh goi la sat tir. Mot s6 vi du cua vat lidu sat
tu la: sat, cobalt, nickel, gadolinium, dysprosium. Chdng chira cA&c mémen tir vinh citu, cac
momen nay cé xu hudng sap xep thang hang véi nhau ngay ca trong tur truong yeu bén ngoai.
30.6.7 Domain

Tat ca vat liéu sat tir dwoc tao thanh tir nhiéu mién rat nho goi 12 cac domain. Domain 1a
mot mién ma trong do tat ca cac mdémen tir cé cung mot hudng. Ranh gidi gitra cac domain
cé su dinh hudng khac nhau goi la cac vach domain.

Trong cac domain vt liéu khong tir tinh, ca&c mdmen tir trong cac domain duoc sap xép mot
cach ngau nhién. Tong cac moémen tur la bang khéng (hinh 30.25a).

N X o
M(_)t mau du’(_)’C dat trong When an external Geld Bis As the field is made even stronger,

<\ \ N 7 r ) . z e applied, the domains with the domains with magnetic

tu tmong ngoa‘l‘ KICh thugc I;] el um.ndgnellze.(l sil‘b‘ﬂ)‘""e‘ components of magnetic moment moment vectors not aligned with
% A 1 A A the atomic magneuc dipoles are in the same direction as ligrnw the external field become very

Cua Cac domal n CO moment randonlly oriented. larger, giving the sample a net small.

AY AY r ros AY 2\ . .
tir cung hudng vai tir truong v il

ngoai tang (kich thudc

: N /NN
domain tang). Mau la mot 4 . ks

<_/"//v

nam cham (hinh 30.25b). el e e
— Nu 2

Khi vat ligu duoc dat bt R
trong tr truong manh, cac N~~~/ 7 =
domain khong cung huéng —> 8
véi tir truong tré nén rat o
nho. Khi tr truong bén Hinh 30. 25 Huéng cua lwong CuC tur trudc va sau khi tor
ngoai bi loai bo, vat liéu c6 truwong duwoC ap vao chat sat tu.

thé gitr lai do tir hoa tong ‘
céng theo hudng cua tur truong ban dau (hinh 30.25c).
30.6.8 Nhiét do Curie Curie:
Nhiét ¢ Curie 1a nhiét do ti han trén ma vat liéu sat tir mat di tir tinh con lai cua né. Vat
ligu sé tro nén thuén tur. Trén nhiét &6 Curie, su chuyén dong nhiét hdn loan du 16n dé gay ra

su dinh hudng ngau nhién caa cac mdmen. Bang bén dudi cho biét nhiét do Curie cia mot s6
chét.

Bdng 30.2: Nhiét d6 Curie ciia mét sé chdt sat tor

WL ED DY Curie Temperatures

Jor Several Ferromagnetic Substances

Substance Teurie (K)
Iron 1 043
Cobalt 1 394
Nickel 631
Gadolinium 317
Fe,Oq4 893
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30.6.9 Thuan tir

Vit liéu thuan tir co d6 tir hda nho nhung duong. D6 1a két qua tir sy ton tai cua nguyén
tr c6 moémen tir vinh ctru. Cac monmen tuong tac yéu vai nhau. Khi dugc dat trong tir trueong
ngoai, cdc mémen tir nguyén tir c6 xu hudng dong theo tir truong ngoai. Qua trinh sap xép

thang hang canh tranh voi chuyén dong nhiét lam moémen dinh
hudng mot cach ngau nhién.

30.6.10 Nghich tir

Khi tr truong ngoai dugc ap cho mot chat nghich tir, mot
momen tir yéu cam tng nguoc hudng vai tir truong ngodi. Chat
nghich tir bi ddy nhe bai mét nam cham. Hién tuong nghich tur
thuong yéu, vi vay chi hign dién khi sat tir hay thuan tir khdng
ton tai.

30.6.11 Hiéu wng Meissner

Mot sb loai chat siéu dan ciing thé hién nghich tir hoan hao
trong trang thai siéu dan. Diéu nay goi la hiéu ing Meissner.
Néu mot thanh nam cham duoc dua lai gan mot chat siéu dan thi
chlng sé& day lan nhau nhu minh hoa hinh 30.26. Nam cham bj
treo lo litng trén mot dia gdbm siéu dan dwoc 1am lanh. Siéu dan
1a dién tro bang khong va 1a chia khéa dé st dung ning luong
hiéu qua hon.

Cau héi tric nghiém (Objective Questions)

1. Hai day dai, song song mdi day déu mang dong dién I, cung
chiéu (hinh 1). Cam tng tu tong hop tai dlem P ¢ gilra cac
day (a) bang 0, (b) huong vao mat phang gidy, (c) hudng ra
mat phang gidy, (d) huéng sang tréi, hoic (e) hudng sang
phai?

In the Meissner effect, the small
magnet at the top induces
currents in the superconducting
disk below, which is cooled to
321°F (77 K). The currents create
a repulsive magnetic force on the
magnet causing it to levitate above
the superconducting disk.

Hinh 30. 26 M6 ta
hi¢u #ng Meissner.

Hinh 1

2. Hai day dai, thang cit nhau dit vuéng goc nhau va mang dong dién

| giong nhau (Hinh 2). Phat biéu nao sau ddy la ding doi cam ang !T B
tir tong cong do hai day gay ra & cac diém khac nhau trong hinh? *
C6 thé co nhiéu lua chon ding. (a) Cam ¢ng tir manh nhét tai cac
diém B va D. (b) Cam (ng tir ndy manh nhét ¢ cac diém A va C. (c)

-y
=]
o

Cam Gng tir huéng ra tai diém B va hudng vao tai diém D. (d) Cam
ung tur hudng ra tai diem C va diém D. (e) Cam ng tir c6 cung do

I6n & ca bdn diém.

Hinh 2
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Hai day dan thang, dai mang dong dién 20 A va 10 A nguoc chiéu nhau nhu hinh 3. Phat
biéu nao sau day la dung ve cam ung tu tong hop gay ra boi hai 1 00,0 A

dong dién? C6 thé cé nhiéu lya chon ding. (a) O ving |, cam tng
tir huéng vao va khdng bao gio bang khdng. (b) Trong vang I,

I1

cam (g tir huong vao va co the bang khong. (c) Trong ving 11, —
cam tng tir c6 thé bang khong. (d) O vung 1, cam rng tir huéng ra

va khong bao gio bang khong. (¢) Khéng c6 diém nao ma cam Hinh 3
{rng tir bang 0.

Xép hang d6 16n cam tng tir tir 16n nhat dén nho nhat, ghi rd néu bang nhau. (a) cam wng
tur cach day dai 2 cm mang dong dién 3 A, (b) cam urng tur tai tdm cta mot cuon day tron,
nho gon, ban kinh 2 cm, ¢6 10 vong, mang dong dién 0,3 A (c) cam ng tr & tdm cta mot
cuon day solenoid c6 ban kinh 2 cm va dai 200 cm, véi 1000 vong, mang dong dién 0,3
A (d) cam ung tir tai tam cua mot thanh kim loai dai, thang, ban kinh 2 cm, mang dong
dién 300 A (e) cam ng tr 6 do I6n 1 mT.

Cudn solenoid A c6 chiéu dai L va N vong day, cudn solenoid B c6 chiéu dai 2L va N
vong day, va cudn solenoid C c6 chiéu dai lan luot L/2 va 2N vong day. Céc cuon A, B,
C déu mang cung mot dong dién. Hay xép hang d6 I6n ciia cam Gng tir tai tm cua cac
cudn tir Ién nhéat dén nhé nhat.

Cau hoi khai niém (Conceptual Questions)

1.

2.

Mot cuc caa nam cham hat mot cai dinh. Cuc con lai cia nam cham c6 hut cai dinh khéng?
Giai thich. Tuong ty, giai thich 1am thé nao mot nam cham dinh vao cira ta lanh.

Hay tudng tuong ban c6 mat chiée la ban c6 kim c6 thé xoay theo
chiéu doc ciing nhu chiéu ngang. Bang cach nao kim la ban sé& chi
néu ban ¢ ngay diém cyc tir phia bac Trai dat?

Hay giai thich tai sao hai day din song song nguoc chiéu lai day
nhau?

Hinh 4 cho théy bén nam chadm vinh ctru, mdi nam cham c6 mot 16
Xuyén qua tam ciia n. Hai nam cham mau d6 & dudi, roi dén nam
chdm mau vang, trén cung la nam chdm mau xanh. (a) Su bay Ién
cuia hai nam cham vang xanh nay xay ra nhu thé nao? (b) Tac dung
cua thanh & gitra la gi? (c) Ban c6 thé ndi gi vé cac cuc caa nam
cham tu quan sat nay? (d) Néu nam cham mau xanh bj dao nguoc,
ban cho rang diéu gi s& xay ra?

Bai tap

1.

(P1) Trong cac nghién ciru vé kha niang di cu ctia cac loai chim sir
dung tir trudng Trai dat dé diéu hudng, cac loai chim di duoc gan
cac cudn day nhu cac mii va vong co (hinh 5). (a) Néu cac cudn day
giéng hét nhau c6 ban kinh 1,2 cm va cach nhau 2,2 cm, véi 50 vong
day, ca hai nén mang theo dong dién nao dé tao ra cam ung tr 4,5.10°
5 T gitra chung? (b) Néu dién tro cua maoi cuon day la 210 Q thi pin
may volt cung cap cho mdi cudn day? (c) Cong suat cung cap cho mdi cuon day?

Hinh 5
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bS: 21,5 A; 4,51 V; 96,7 mW

=l

2. (P2) Hay xac dinh chiéu cia dong dién gay ra cam (7N
ung tir ¢ ba truong hop trén hinh 6. NS /

=
e
/

3. (P5) Mot vong day dan hinh vuéng c6 chiéu dai

A

4.

moi canh | = 0,4 m mang dong | =
10.0 A nhu trong Hinh 7. (a) Tinh
d6 16n va hudng cua cam ung tir
tai tdm hinh vuéng. (b) Néu day
dan nay duogc dinh hinh lai dé tao
k——¢——  thanh mét vong tron va mang
Hinh 7 cung dong dién, gia tri cua cam Hinh 6
ung tir ¢ tam la bao nhiéu?
PS: 28,3 uT hwdong vao; 24,7 nT hwéng vao

=

o

Mot day dan bao gom mét vong tron ban kinhR=15
cm va hai phan thang, dai vo han nhu trong hinh 8. ! %
Day nam trong mat phang cua to gidy va mang dong
| =1 A. Tim vec-to cam ng tir & tdm cua vong day.
PS: 5,52 uT hwéng vao.

Hinh 8

(P9) Hai day dan thang, dai dat vudng goc voi mat giay nhu hinh 9. Day 1 mang dong
dién 1 hudng vao mat gidy va di qua diém ¢ toa 5 L

d6 x = +a. Diy 2 mang dong dién |» chua biét, : : : x —1 L—x
di qua diém c6 toa 46 x = —2a. Hay xéac dinh do
I6n va chiéu c6 thé c6 cua dong dién 12 trong day
2 dé cam ung tir tong hop tai O c¢6 do 1on %

PS: 2 I hwong rava 6 11 hwéng vao.

(P15) Ba day dan thang, dai, song song mdi day mang

dong dién | =2 A. Hinh 10 12 hinh chiéu cudi caa day AN

dan, voi mdi chiéu dong dién hudng ra. Lay a = 1 cm, , LI

xac dinh do l6n va huéng clia cam ng tir tai (a) diém &4 Su (o),

A, (b) diém B va (c) diém C. R
DS: 5,53 uT hwéng 1én; 20 nT hwéng Ién; 0 N
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7. (P17) Cho day dan dai v6 han duoc udn nhu hinh 11. Day y

dan mang dong dién | cO chiéu nhu trén hinh. Xac dinh
cam rng tr do day gay ra tai O theo |, a, d. fl Tr
pS: % (Va2 + d% — d), hwéng vao

8. (P18) Mot day dan dat trén mat phang gidy mang dong |
duoc udn thanh hinh tam gidc déu canh bén L. Dong dién
chay trong day theo chiéu thuan chiéu kim dong hé. (a) Tim d6 16n va huéng cia cam ang
tir tai tam cua tam giac. (b) Tai mot diém nam gitra tm va bat ky dinh nao, trudng manh
hon hay yéu horn 0 tam? Giai tthh

Hinh 11

bS: ' Hinh 12
6.00 A
9. (P52) M¢t day mang dong di¢n 7 A doc theo truc x va mét day khac (400,300 m
mang dong di¢n 6 A doc theo truc y, nhu trong hinh 12. Xéc dinh "
vec-to cam ung tu tai diem P, nam o Xx=4m,y =3 m. 7.00 A

bS: 0,167 puT, hwong ra.

10. (P24) Hai day dai treo thang ding. Day 1 mang dong dién 1,5 A hudng Ién. Day 2 & bén
phai day 1 mot doan 20 cm, mang dong dién 4 A di xudng. Day 3 ciing duoc treo thang
ding. Xac dinh (a) vi tri cua day 3 va (b) cuong do va hudng cua dong dién trong day 3
dé tong hop luc tac dung 1én cac day bang 0.

DS: Day 3 dat bén trai day 1, cach day 1 mét doan 12 cm cé
do 16m 2,4 A hwéng xudng. T
1

11.(P25) Trong hinh 13, mot day thang, dai c6 dong dién I =5 A va Tf
day nam trong mat phang cua vong hinh chit nhat, mang dong I, "
=10 A. Kich thuéc trong hinhlac=0,1m,a=0,15m, va, | =
0,45 m. Tim d6 16n va hudng cua luc tir do dong |1 tc dung Ién 4
vong day. ke
PS: 27 uN hwéng tir phai sang trai. Hinh 13

12. (P38) Mot day dan dai, hinh tru c6 ban kinh R mang dong I nhur -
trong hinh 14. Tuy nhién, mat d6 dong dién J khong dong nhat .
trén mat cat ngang cua day din ma la mot ham cua ban kinh
J = br, trong d6 b 1a mot hang sd. Tim biéu thuc xac dinh do dy
I6n cam tng tir B tai diém cach tdm day din mot doan (a) r1 < Hinh 14
Rva(b)r.>R.

13. (P38) Mot bo day c6 100 day dan thang, dai cach dién véi nhau xép thanh mét hinh try c6

ban kinh R = 0,5 cm. Mdi diy mang dong dién 2 A. (a) Xac dinh do Ién va huéng cua luc
tur trén mot don vi chiéu dai tac dung 1én mot day & vi tri cach tdm cua hinh tru 0,2 cm.
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(b) Luc tir trén mot don vi chiéu dai tac dung 16n mot day & mép ngoai cia bé 16n hon hay
nho hon gia tri duoc tinh ¢ cau a? Giai thich.
DPS: (a) 6,34.10° N/m, hwéng vao tam cia bo; (b) Ié6m hon.

14. (P48) Mot cudn solenoid c6 ban kinh r = 1,25 cm va chiéu dai | = 30 cm c6 300 vong va
mang dong di¢n 12 A. (a) Tinh tir thong qua mot
mit phang tron ban kinh R = 5 cm duoc dat /\< ,
~ , N 3 N , A “ /I - :
vudng goc va ¢4 tdm nam trén tryc cua cugn P iy AR
solenoid nhu trong hinh 15 a. (b) Mat cat ngang & L0 v

cudn solenoid trén thé hién trén hinh 15b, 16p vo i
NG AR Vi

mau nau trén hinh c6 ban kinh trong a = 0,4 cm

va ban kinh ngoai b = 0,8 cm. Tinh tir théng qua Hinh 15

I6p vo mau nau.
PS: 7,4 nWhb; 2,27 uWb

15. (P64) Hai day dan tron déng tam, ciing nam trén mot mat phang
mang dong dién I1 =5 A, va |2 = 3 A nguoc chiéu nhau nhu trén /
hinh 16. Cho r1 = 12 cm. (a) Hay xac dinh vec-to cam ang tirtong 1,
hop tai tim cua hai vong day néu r, = 9 cm. (b) Gia tri r2 bang
bao nhiéu dé cam ung tir tong hop tai tam caa vong day bang 0?
PS: (a) 5,24 uT, hwéng vao; (b) 7,2 cm

Hinh 16
16. (P71) Mot thanh d6ng mong, chiéu dai | = 10 cm duoc giir cho
nam ngang bai hai vat khong ¢ tir tinh nhu trén
hinh 17. Thanh d6ng mang dong dién I1 = 100 7L
A cung phuong, nguoc chiéu Ox. Mét day | = |
thang, dai mang dong dién I = 200 A dit phia
dudi thanh dong mot doan h = 0,5 cm clng - 5 )

phuong, clng chiéu Oz. Xac dinh lyc tir tac
dung 1én thanh d6ng. Hinh 17
pS: —1,2.1072.k (N)
17.(P72) Hai day din mang déu mang dong dién | = 8 A, ciing phuong, ngugc chiéu Ox nhu
hinh 18. Hai day dat cach nhau mot doan 2a =6 cm. ()
Hay phac hoa cam ung tir do hai day gay ra trén mat
phang yz. Tinh do 16n cam @ng tir (b) tai gbc toa do, (c)
tai diém (y = 0,z — ). (d) Xac dinh biéu thirc tinh d6
I6n cam ng tir tai nhitng diém nam trén truc Oz, cac
g6c mot khoang z. () Tai khoang cach d doc theo chiéu
duong truc z nao thi cam tng tr dat gia tri cuc dai. (f)
Xac dinh gia tri cuc dai do.
PS: (b,c) 0; (d) 2102

9.10~ 4422

ji()3cm; (f)53,3uT
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