Chuong 29:

Nhiéu nha lich st khoa hoc tin rang la ban ma thyc chat 1a kim nam cham dugc sir dung
& Trung Qudc tir thé ky 13 TCN 12 phat minh ciia ngudi A Rap hoic nguoi An Do. Nguoi Hy
Lap biét dén tur tinh tir 800 TCN do viéc phat hién ra nhiing vién da tir (FesO4) hit vun sit.
Nam 1269, Pierre de Maricourt nhan thay ring nam cham véi bat ky hinh dang nao déu c6
hai cuc, duoc goi 1a cuc bic va cuc nam. Hai nam cham cung cuc thi day nhau, tréi cuc thi
hat nhau. Tén goi cuc bic va cuc nam duoc dat xuat phat tir dinh huéng cua kim la ban (thanh
nam cham) theo hudng bac nam cua Trai dat do ton tai tir truong Trai dat. Nam 1600, William
Gilbert mé rong thi nghiém caa Maricourt cho nhiéu loai vat liéu khac nhau, ddng thoi nhan
thdy rang kim nam cham ludn dinh huéng theo mot phuong nhat dinh, tir 46 6ng dua ra gia
thiét rang Trai dat 1a mot nam cham vinh ctru khong 16. Nam 1819, mdi lién hé gitra hién
tuwong dién va tir duoc phat hién bai Hans Christian Oersted. Va méi lién hé mat thiét hon
gitra chung duoc thuc hién boi Faraday va Joseph Henry mot cach doc lap vaéi nhau vao nhirng
nam 1820. Két qua cho thay dong dién cd thé duogc tao ra trong vong day dan kin khi cho mot
thanh nam cham & gan chuyén dong hoic 1a dat mot dong dién bién thién gan no. Chuong
nay khao sét luc tac dong lén cac dién tich chuyén dong va Ién céc day dan co dong dién khi
c6 sy xuat hién cua tir truong trong khdng gian.

29.1. TU TRUONG VA LUC TU

_ Vung khong gian xung quanh dién tich dung yén - —an
ton mot dién truong, nhung khi dién tich chuyén dong * il e
thi khong gian d6 con c6 thém ca tir truong. Ngoai ra, t\ ) — /‘
tir trudng cOn ton tai xung quanh vat chét c6 tir tinh,  —<5 -l
d6 1a loai vat liéu tao nén nam cham. ‘/< — - . 'i>‘f-f—;-—
T truong dugc dac trung boi vecto cam ing tr B, \ o P t
kim nam cham sé chi theo phuong cia vecto cam ng - —

Hinh 29.1: Duong sutc tir truong xung

tur B khi dugc dat trong tur truong. Nguoi ta thuong veé quanh thanh nam cham

nhitng dudng stc tir d& moé ta mot tir truong.
Trai dét co tir truong va duogc coi nhu 1a thanh o e | e
nam cham khong 16. Kim nam cham cé cuc bac chi R

vé hudng cuc bic dia ly cua Trai dat, tac 1 cuc nam  #s "E0 y ween
tu truong Trai dat va nguoc lai cuyc nam cia nam G
cham hudng vé cyc nam dia Iy ma d6 chinh 1a cuc o

bac tir truong Trai dat. O ving xich dao thi kim nam

chdm c6 phuong song song véi bé mat Trai dat.
Nhung cang di 1én vé huéng béc dia ly thi kim nam —dy®
cham chui dan xudng bé mat Trai dat cho dén khi 1én opc wpwic  [EREEEES
t6i diém gan cuc bac tai ving vinh Hudson cua Hinh 29.2: T truong cua trai dat




Cannada thi kim nam cham c6 phuong thang dimg huéng xudng mat dat. Biém nay chinh 1a
cuc nam tir truong Trai dat, duoc tim thdy dau tién nam 1832, va vi tri nay thay d6i dan theo
thoi gian do su bién d6i cAu tao bén trong I8i cua Trai dat. Cac nha khoa hoc cho ring tur
truong Trai dit duoc hinh thanh do nhimg dong déi luu trong 15i Trai dat. Céc ion hoic
electron theo cac dong nay va tao ra tir truong. Ngoai ra cuong do tir trrong cia mot hanh
tinh ciing lién hé véi toc d6 quay caa hanh tinh. Ching ta c6 thé xac dinh vecto cam ang tir
§b§ng cach diing mé hinh hat trong truong. Su ton tai cua tir truong & mot diém trong
khong gian dugc X4c dinh bang cach do luc tir
Fp tac dung 1én mot dién tich thir dit tai d6.Thi nghiém trén nhiéu hat dién tich cho két qua
la:
- D6 16n Feg thi ty 1é véi dién tich g va van téc v cua hat.

- Khi dién tich chuyén dong song song véi phuong cila vecto cam (ng tir B thi lyc tac
dung Ién dién tich bang 0.

- Khi dién tich chuyén dong theo phuong khong song song v4i phuong clia vecto B (CE=
0, la gbc gitra Bva V) thi luc tac dung 1én dién tich c6 phuong vudéng goc vdi ca phuong cia
B va v (hinh 29.3a).

- Luc tir tac dung lén hat mang dién tich duong cé chiéu nguoc véi luc tir tic dung Ién
hat mang dién tich &m khi ching chuyén dong theo cung mot chieu (hinh 29.3Db).

- B0 16n cua luc tr thi ty 1€ vai sind.
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Hinh 29.3:
a. Phuong cua luc tir Fp tac dung lén dién tich chuyén dong trong tir truong B
b. Luc tir tdc dung lén hat mang dién tich dwong va hat mang dién tich am.

Tong hop lai céc két qua trén cho ra lyc tir c6 dang:
Fg = qVvx B (29.1)



F_B> c6 phwong vudng géc véi mit phang chra v, B. Theo quy tic tam dién thuan (co
thé thay bing quy tic ban tay), Fg c6 chiéu theo chiéu ngon tay cai cua ban néu q duong, va
Fp ¢6 chiéu ngugc chidu ngén tay cai cua ban néu g am.

(2) Your upright thumb
shows the direction of

the magnetic force on a z ;
positive particle. (1) Point your fingers
in the direction of B,
with ¥ coming out of
(1) Point your fingers in vour thumb.

the direction of v and T l‘:,;
then curl them toward
the direction of B. B *
- (2) The magnetic
A | force ona positive
V- particle is in the
direction you would
/ / push with your palm.
li F'/:

Hinh 29.4: Hinh minh hoa quy tic ban tay phai dé tim chiéu cua luc tt‘t?é

Do 16n cua lyc tir tac dung 1én dién tich bang
Fy = |lqlvB sing (29.2)

Cau hsi nhanh 29.1: Mét electron di chuyén huéng Ién, trong mat phang cua trang giy nay.
Vecto cam tng tir B cua tir truong ciing nim trong mat phing cua trang gidy va huéng vé
phia bén phai. Phuong, chiéu cua lyc tir 1én electron?

@) nam trong trang glay, hudng 1€n trén

(b) nam trong trang glay, huéng xuéng dudi

(c) nam trong trang glay, chiéu tir trai sang phai

(d) nam trong trang giay, chleu tu phai sang tréi

(e) vudng gbc vai trang glay, chiéu huéng ra

(f) vudng goc véi trang gidy, chiéu hudng vo

Bang 29.1: Gi4 tri gan dang ctia mot s tir truong théng dung

Ngudn tir truong Do 16n tir truong (T)
Nam cham siéu dan (loai manh trong phong thi nghiém) 30
Nam cham thong thuong (loai manh trong phong thi nghiém) 2
May MRI (trong y hoc) 1.5




Thanh nam cham

1072

Bé mat Mat troi 102
Bé mat Trai dat 0.5 x 10
Ttr trudng trong ndo ngudi (do xung day than kinh tao ra) 10713

Luc dién va luc tir co mot sé diém khéc biét quan trong sau:

- Vecto luc dién thi cung phuong vdi vecto dién truong E, trong khi d6 luc tur thi co

phuong vudng goc vdi vecto cam ung tu B.

- Bién truong thi tac dung luc 1én dién tich dang yén hodc chuyén dong, con tir truong

chi tac dung luc 1én dién tich dang chuyén dong.

- Lyc dién thi sinh cong lam cho dién tich chuyén déng, con luc tir tAc dung 1én dién tich

chuyén dong trong mét tir truong dirng thi khdng sinh cong.

Nhu vay luc dién thi 1am ting van tc cua hat, luc tir thi khong lam ting van toc hat ma

chi thay d6i phuong chuyén dong cua hat.
Pon vi cua vecto cam ung tu B theo hé SI 1a Tesla (T)
N
=1
C.m/s A.m

1T=1

Vi du 29.1: Electron di chuyén trong tir trwong

Ong tia &m cuc 14 mot dén dién tir chan khong chira mét
hoic nhiéu sing dién ti¥, va mét man hinh lan
quang dwgc sir dung dé day nhanh va lam chéch huéng
cac chum electron vao man hinh d@é tao ra cac hinh
anh.

Cho mét electron trong mét éng tia am cuc di chuyén
vé phia truéc cia 6ng véi tde dd 8 x 10°m / s doc theo
truc x (Hinh 29.4). Bao quanh 6ng la nhitng cudn day
tao ra tir trweong c6 do Ion 0,025 T, hep veéi truc x mot
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Hinh 29.5: Hinh minh hoa vi du 29.1

g6c 60°va nam trong mit phang xOy. Tinh luc tir tAc dung Ién electron.

N

Bai giai:

Theo quy tac tam dién thuan, ta xac dinh dwoc phwong, chiéu caa luc tir Fg nhu

hinh 29.4.

D lon luc tir:

Fg = |q|vBsin® = (1,6 x 1071°C)(8 x 10°m/s)(0,025T)(sin60°)

=2,8x10"1“N



https://vi.wikipedia.org/wiki/%C4%90%C3%A8n_%C4%91i%E1%BB%87n_t%E1%BB%AD_ch%C3%A2n_kh%C3%B4ng
https://vi.wikipedia.org/wiki/L%C3%A2n_quang
https://vi.wikipedia.org/wiki/L%C3%A2n_quang

29.2. CHUYEN PONG CUA HAT MANG DPIEN TRONG TU TRUONG PEU

Thong thudng quy wée phuong chiéu cua vecto cam ng tu B nhu hinh 29.6, nghia la
vecto cam ung tir co phuong vuong gdéc mat phang hinh vé, néu la dau cham (hinh 29.6a) thi
B ¢6 chiéu huéng ra va ky hiéu 12 B, con 1a ddu nhan (hinh 29.6b) thi B ¢6 chiéu huéng

vao va ky hiéu 1a By,

Magnetic field lines coming
out of the paper are indicated
by dots, representing the tips
of arrows coming outward.
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Magnetic field lines going
into the paper are indicated
by crosses, representing the
feathers of arrows going
inward.
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Hinh 29.6: Quy uéc vé phwong chiéu cua B d6i v6i mat phang hinh v&

Trong phan 29.1, ching ta thay rang c6 luc (goi la
luc tir) tdc dung Ién hat mang dién chuyén dong trong
tu truong. Luc nay co phuong vubng goc voi phuong
van toc cua hat dién nén luc tir khéng sinh céng. Xét
mot hat dién tich dwong chuyén dong trong tir truong
déu véi vecto van toc ban dau vudng goc vai vecto cam
ang tir B, trong d6 cam ting tir B ¢6 chiéu huéng vao
mat phang hinh vé (hinh 29.7).

Ta thay dién tich chuyén dong theo quy dao tron vi
luc tac dung c6 phuong vudng goc vai van toc. Theo
dinh luat Il Newton thi Fg = m3, ¢ déy chi c6 luc theo

2 ~
phuong huong tam nén Fg = qvB = =~ Tir day dan
dén ban kinh qu¥ dao cua hat mang dién tich Ia:

_mv
r=-; (29.3)

The magnetic force Fy acting on
the charge is always directed
toward the center of the circle.
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Hinh 29.7: Luc tr tac dung
lén dién tich chuyén dong trong
tir truong déu.

Tir phuong trinh cho thay ban kinh quy dao thi ty Ié thuan véi dong luong cia hat va ty
I¢ nghich véi do 16n tr truong va dién tich caa hat. Van toc goc cua hat la:

w="=2(29.4)

r

Chu ky chuyén dong 1a:



T="7=="10(205)

v

Nhiing ket qua ndy cho thay ring van toc goc cua hat va chu ky chuyén dong cua nd thi
khong phu thudc vao van tc hat va ban kinh quy dao. Van téc goc o con dugc goi la tan sb
cyclotron béi vi hat dién chuyén dong tron véi tan s nay trong may gia toc cyclotron.

Truong hop hat dién chuyén dong trong tir treong déu véi van toe dau c6 phuong hop
V6i vecto cam ang tir truong B mot goc bat ky thi quy dao cua hat dién 1a duong xoén éc
(helix) doc theo phuong ctia vecto cam rng tir B nhu hinh 29.8.

Helical

Hinh 29.8: Quy dao xoan oc cua hat mang dién tich

Truong hop hat dién chuyén dong trong tir truong khong déu, chuyén dong cua dién tich
kha phure tap.

Cau hdi nhanh 29.2: Mét hat dién tich chuyén dong vudng goc vai tir truong theo mot dudng
tron, ban kinh r. Mot hat twong tu, di vao tir trudng, Véi van tdc v vudng goc Voi B, nhung
téc do cao hon hat dau tién. Ban kinh vong tron cua hat thir nhét so véi ban kinh vong tron
cua hat thu hai
(a) nhé hon
(b) 16n hon
(c) bang nhau

Vi du 29.2: Proton di chuyén vuéng gdc trong tir trudong déu

M@t proton chuyén déng theo mét quy dao tron, ban kinh 14cm trong mét tir
treong déu ma cam wng tir B ¢6 d lon 0,35T va van toc proton vudng goc veéi tir
treong. Tinh toc do proton.

Bai giai:
Theo phwong trinh 29.3:
Br (1,6x1071°C)(0,35T)(0,14m
v=q =( ) —7 X )=4,7><106m/s
m, 1,67 X 10~“"kg

Vi du 29.3: Chum electron bi uén cong



Trong mét thi nghiém dwoc thiét ké dé do cwong do cua tir
trweong déu, cac electron & trang thai nghi, dwoc gia téc nho
higu di¢n thé 350 V va sau d6 di vao tir trwong déu co
phwong vudng goc véi vecto van toc cia electron. Duéi tac
dung cia luc tir, cac electron di chuyén doc theo mdt dwong
cong véi ban kinh dwoc do 1a 7,5 cm (Hinh 29.9). Tinh do

lon cam wng twr?
Bai giai:
AK+ AU =0

2

Hinh 29.9: Chum electron bi uén cong

(1 m,v? — 0) + (gqAvV) =0

=1,11x10"m/s

\/—ZqAV J—z(—1, 6 x 10-1°C)(350V)
= =

m, 9,11 x 1031kg

m,v (9,11 x 10731)(1,11 x 10"m/s)

=8,4x107%T

er (1,6 x 10-1°¢)(0,075m)

29.3. CAC UNG DUNG LIEN QUAN BPEN CHUYEN PONG CUA HAT MANG

PIEN TRONG TU TRUONG
Khi mot dién tich chuyén dong voi van téc ¥ trong ca

dién truong E 13n tir truong B thi luc tac dung 1én dién tich
(con goi la luc Lorentz) la:

F=qE+qv x B (29.6)
29.3.1 B§ loc van téc

Trong nhiéu thi nghiém lién quan dén hat mang dién
chuyén dong thi diéu quan trong la tat ca cac hat phai co
cuing van téc. Bé 1am duogc diéu nay, chung ta cho chum
dién tich chuyén dong qua bo loc van toc duoc thiét ké nhu
hinh 29.10.

Bo loc van toc ¢ mot dién truong déu hudng tur tréi
sang phai trong mat phang hinh vé va mét tir trudng déu
vudng goc va chiéu huéng vao mit phang nhu hinh 29.10.

B,
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Hinh 29.10: Mot dién
tich dwong chuyén| dong
voi van toc Vv vao hop
chon van téc

Néu q la dién tich duong c6 van toc 13 ¥ hudng 1én thi luc tir tac dung I1én g s& c6 chiéu
hudng sang trai véi do 16n qvB, luc dién tac dung 1én g cé chiéu hudng sang phai véi do 1on

gE (hinh 29.10).

Do d6, khi ta chon dién truong va tir trudng sao cho qE = qvB thi dién tich g s& chuyén

dong theo dudng thang ra khoi bo loc. Ta thay rang:



E

v="_ (29.7)

Nhu vay, chi c6 nhitng hat c6 van téc nhu trén thi méi di ra khoi bo loc, con lai cac hat
c6 van toc khac s€ bi cuon vé ban cuc va khong thoat ra ngoai dugc.
29.3.2 Khéi phé ké (mass spectrometer)
Khdi phé ké dung dé phan tach cac ion dya vao
ty so khoi Iugng trén dién tich caa no, vai thiét bi
doi dau cé tén goi Bainbridge. . %

4

M6t chim ion cho di qua bd loc van téc va sau

d6 di vio vung tir truomg déu B, ¢6 ciing chidu véi P [ 5
tir truong B trong bo loc van téc (hinh 29.11). n—_ LA
Khi di vao vang tir truong thi hai thi ion chuyén |
dong theo quy dao 1a nara vong tron ban kinh r roi B, =i
dap vao mot day cac dau do tai vi tri P. Néu la ion . B
duong thi 1éch V& phia trai nhu hinh 29.11, con néu  Velocity selector [ 7
la ion &m thi léch vé phia phai. Tir phuong trinh 29.3, E o
ta co: Hinh 29.11: Thieét bi do pho khoi
leong
m 1B,
q

Str dung phuong trinh 29.7 ta duoc:

m rByB
o= 5 (298)

Do vay, chiing ta c6 thé xac dinh duoc m/q bang viéc do ban kinh cong quy dao va biét
do 16n cua B, By, va E.

Trong thyc té, nguoi ta do khéi lugng cua [lhiéy ddng vi cua ion nao do6 co cung dién tich
g. Theo c&ch nay thi co thé xac dinh duoc ty so6 khoi Iuwgng ngay ca khi khéng biét gia tri cua
g.

Mot chut thay ddi cua ky thuat nay duoc sir dung bai J.J. Thomson (1856-1940) vao nam
1897 dé xac dinh gia tri e/me cua electron. Hinh 29.12 m6 ta so do thi nghiém.

Electron dugc gia tc tir cathode va chuyén dong qua hai khe rdi di vao ving khong gian
c6 dién trudng va tir trudng vudng goc nhu hinh vE. Dién trudng va tir truong duoc diéu chinh
sao cho dong electron chuyén dong thang. Khi tir trudng bj tit di, dién tredng 1am cho electron
léch di va do léch nay duoc ghi nhan bang man hinh huynh quang. Tur d6 léch nay va gia tri
cua E va B ma ta c6 thé xac dinh duoc ty sé dién tich trén khéi lwong cua electron. Nhiing
két qua cua thi nghiém nay dan dén sy kham pha ra electron 1a mét hat co ban trong tu nhién.



Electrons are accelerated from the cathode, pass through two slits, and
are deflected by both an electric field (formed by the charged

deflection plates) and a magnetic ficld (directed perpendicular to the
clectric fiekd) . The beam of electrons then strikes a fluorescent screen,

v

— ) 64 Magnetic field coil
—
“’L,— .' Def) I
»eflectee
Cathode \hn "/;' ‘ - [® electron beam
o = e 1 lef) 1
nae Colee
// | electron beam
7 Deflection 4

plates

)

Hinh 29.12: So d6 thi nghiém dé xac dinh ty s6 e/m..

29.3.3 May gia toc

La thiét bi dé tang van toc caa hat 18n rat 16n. Nang luong cua hat dugc dung dé ban phé
cac hat nhan nguyén tu va do vay tao ra cac phan ung hat nhan cho nghién ctu. Rat nhicu
bénh vién sir dung may gia toc dé tao ra chat phdng xa dung cho viéc chuan doan va diéu tri.

Ca dién trudng 1an tir truong déu ¢6 vai trd quan trong trong may gia toc nhu hinh 29.13.
bién tich chuyen dong bén trong hai hinh ban nguyét D1 va D2 ( goi 1a dee). M6t nguén dién
xoay chiéu tan s cao duoc ap vao D1 va D2. Tir trudng déu vudng goc voi dién truong. lon
duong duoc phong ra tir nguon P gan tdm ciia nam cham trong mot dee, va di chuyén theo
duong dan duoc biéu thi bang dudng mau den nét dut nhu trong hinh. Sau mdi vong chuyeén
dong hoan chinh, hat nhan dugc nang lugng tang thém la K.

T'he black, dashed, .
curved lines BA A A A A

represent the path
of the particles.

Alternating AV
/

/
£

JAfter being
accelerated, the

particles exit here.
- North pole of magnet

Hinh 29.13: May gia toc gom nguon ion tai P, dién thé 4p vao giita D; va Ds,
tir treong déu vu()ng goc voi dién truong

T phuong trinh 29.3,taco v = — % Do d6, ta c6 thé thu duoc dong niang cia ion khi no
thoat ra may gia toc c6 hinh ban nguyet ban kinh R.
K= Tmv? = (qBR) (29.9)



29.4. LUC TU TAC DUNG LEN DAY DAN CO DONG DPIEN CHAY QUA
_ Tanbiét rang tir truong téc dung luc 1én dién tich chuyén dong trong nd, ma dong dién thi
gom nhirng dién tich chuyén dong nén tur truong ciling tic dung 1én dong dién dat trong nd.
Hinh 29.14 m6 ta su lIéch cua soi day mang dién trong tir truong.
Khi chua c6 dong dién, soi day chua bi !éch (hinh b), khi c6 dong dién tir dudi Ién thi soi
day bi Iéch sang trai (hinh ¢), va khi d6i chiéu dong dién thi day bi Iéch sang phai (hinh d).
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Hinh 29.14: Dat day dién gitra tir trrong cua nam cham hinh moéng ngua

Xét mot doan day dién c6 chidu dai L, dién tich mat cat  excued ' i ol
ngang l1a A c¢6 cuong do dong dién I dat trong tir truong déu B )
nhu hinh 29.15. y \
Lyc tir tAc dung Ién hat dién chuyén dong véi van téc v co - Y
dién tich q 1a qvg x B. Téng s6 hat mang dién trong soi day 1a o
nAL véi n la mat d6 hat mang dién tich trong sgi day. 2 ; -
Vay tong luc tac dung Ién sgi day dién la: The diagiaiefons co e Rire
Fp = (qvg x B)nAL Hinh 29.15: Mot doan déy
. thang mang dién trong tw
Ma | = ngvgeA theo phuong trinh 27.4. Do vay: treong déu
Fg = (ILxB) (29.10)

Voi L 1a vecto ¢6 phuong chiéu ciia dong dién va do 16n 1a L. Cong thirc trén ap dung
cho doan day thang dat trong tur truong deu.

_Trudng hop tong quat cho day dién bat ky thi ta chia soi day di¢n thanh nhiing vi phan
chiéu dai ds nhu hinh 29.16, khi d6 Iuc tac dung Ién ds la:
dFg = (Ids x B) (29.11)

Vay luc tac dung cho ca doan day ab la:
10



Fp=1/"dsxB (29.12)

The magnetic force on any
seg n)(nl dSis I ds %< B and
is (lu ected out of the page.

Hinh 29.16: M6t doan day c6 hinh dang bat ky trong tir truong

Cau hdi nhanh 29.3: Mét sgi day dién nam trong mat phang cua trang+ gidy nay, chiéu dong
dién hudng lén trén. Lyc tir hudng tur trai sang phai trang gidy. Vecto cam tng tir B co phuong,
chiéu

(@) nam trong mat phang cua trang, chiéu tir phai sang trai

(b) nam trong mat phang caa trang, chiéu hudng xudng dudi,

(c) vudng gbc, huong ra khoi trang

(d) vudng goc, hudng vao trang

Vi du 29.4:Lwc tac dung Ién mét day din hinh ban y
nguyeét

==

A
Mét day dwec udn thanh hinh ban nguyét ban (< -
kinh R tao thanh mét mach kin va mang dong 8
dién 1. Day nam trong mit phang xy va tir trueong 10
déu c6 cam ung tir B hwéng theo chiéu dwong cia
truc y nhw trong hinh 29.17. Tim d¢ l6m va hwéng

caa lyc tir tac dung I&n phan thang va phan cong —>
cua day. !

Hinh 29.17 : Hinh minh hoa vi du 29.4

Bai giai:
Theo quy tic ban tay phai, luc tir tdc dung 1én phan thing cia dayF, ¢6 phuong
vudng géc mit phing xy, chidu huéng ra, luc tir tac dung Ién phan day cong F,
c6 phwong vudng goc mat phang xy, chieu hwéng vo.
Goi k: vecto don vi theo phwong z.
Luec tir tic dung 1én doan day thang:

R

b
F,=1 d?xl_lef Bdxk = 2IRBk
a -R

Luec tir tdc dung 1én phan day cong:
dF, = 1ds x B = —IBsinfdsk
11



Véi ds = Rd6
Suy ra F, = — [,  IRBsin0d0k = —IRB | sin0d0k = —2IRB k

29.5. MO MEN LUC TAC DUNG LEN MQT DONG DIEN KiN PAT TRONG TU
TRUONG PEU

Trong muc 29.4 chling ta thay rang khi day dan c6 dong dién

chay qua duoc dat trong tir truong thi ¢6 luc tir tac dung 18n no. siter e @ becae
Xét vong day dién kin hinh chir nhat ¢6 cuong do dong dien |, 7=

I dat trong tur truong déu c6 phuong song song voi mat phang —= A

vong day nhu hinh 29.18. - cf @
Ta thay rang khong c6 lyc tir tic dung 1én doan 1 va doan3 —+ ® Lo

vi doan day dién nay c6 phuong song song véi tur truong B nén £ T

L X B=0. e el s
Luec tir tac dung 1én doan 2 va doan 4 theo phuong trinh 29.10  Hink 29.18: Mot vong day dién
la: dat trong tir truong déu
F, = F, =1aB

Luc tir tac dung 1én doan 2 13 F,, c6 chidu huéng ra ngoai mat phing khung day, trong
khi d6 luc tir tac dung lén doan 4 13 F,, ¢6 chiéu huéng vao mat phang khung day.

The magnetic forces i::_, anc iﬂ Néu ta nh‘ln khung déy tl‘I dOE}n 3 dQC theo dOE}l’l 2 Vé dOE_ln
exerted on sides @ and @ N 1 =1 =R =X 1 2 H
create a torque that tends (o 4 thi lyc tu F, va F, dugc bieu dién nhu hinh 29.19 va hai luc

rotate the loop clockwise. \ \ ~
- nay tao ra moment t,,,, lam cho khung day quay:

N PR

Ml

Ses = l Byt Fy2 = (lab) =+ (Iab) 2 = labB
: Tmax = F2 = = = (ab) - ab) = =la
. ¥, max 2 2 4 2 2 2
Hinh 29.19: Hinh chiéu canh mot Tax = IAB (29.13)
ong day dién dt trong tir trud . o :
ey Y Cien Gt Tong T Tone Véi A = ab, dién tich cha /
khung day. 1 .
0B oLt
Gio xét trrong hop tir truong déu B tao voi phuong vudng Gamo O~
goc mat phang khung day mot goc 6<90° nhu hinh 29.20. bé l,
don gian ta xét truong hop B vudng goc voi doan 2 va doan 4. | Wien the nonmat o e toor
Luc tir t4c dung 1én doan 1 va doan 3 triét tiéu vai nhau va khong | s oaidsda = s
tao ra moment lyc. Lyc tir tac dung 1én doan 2 va doan 4 ta0 ra g, 20.20: Hinh chiéu canh cua

mot moment luc béng: khung day trong trréng hop cam tng
tir B hop véi phép tuyén cua khung
day mot goc 6

b b
T = F2§Sln9 + F4§sm9

12



b . b . .
= (Iab) Esm@ + (Iab) Esme = JabBsin6 = IABsin0

Két qua trén cho thdy moment luc c6 gia tri I6n nhét bing IAB khi tir truong vudng goc
v&i phép tuyén khung day (6 = 90°) nhu trinh bay trong hinh 29.19 va bang 0 khi tir truong
song song va&i phép tuyén khung day (6 = 0).

Moment luc tac dung 1én khung day dién kin i
duoc bieu dien duéi dang vecto nhu sau: S

=14 x B (29.14) A

‘Trong d6 vecto A ¢6 phuong tring véi phap :
tt{yén_lfhung déy’, dé.lc’wn bléng dién ;u’ch \khung dé}{ Tt
va chicu dugc xac dinh bang quy tac ban tay phai . PEPTTTER (e
nhu hinh 29.21.

Moment ludng cuc tir | (goi tat 1a moment tir) cua khung day la:

L =IA (29.15)

Néu c6 mét cudn day dugc cudn N vong thi moment tir cua cudn day la:

oo = NIA (29.16)

Vay tir phwong trinh 29.15, ¢6 thé biéu didn moment lyc tac dung 1én khung day dién kin
dat trong tur truong B 12:

T=% x B (29.17)

Phuong trinh 29.17 tuong tu nhu phuong trinh 26.18, T =P X E, mémen luc tac dong
vao mot ludng cuc dién vaGi sy ¢ mat cua dién truong E, p: momen ludng cuc dién.

Phuong trinh 29.16 va 29.17 con ap dung cho ca khung day hinh chir nhat.

Phuong trinh 29.17 ap dung cho tat ca cac khung day cé hinh dang khéac nhau dit trong
tu truong.

Vi ludng cyce dién, thé nang dién truong ciia ludng cye dién Uy = —p. E. Tuong ty nhu
vay, thé nang tir truong cua ludng cuc tur bang

Ug = —ILB. (29.18)

Vi du 29.5: Moment lwéng cuc tir cia cugn day

Cho cugn day hinh chir nhat 5,4 cm x 8,5 cm, chira 25 vong va ¢6 dong dién
15mA chay qua. Nguwoi ta tao ra mot tir treeong 0,35 T song song mat phang vong
day.

a. Tinh dd l6n mo ment lwéng cuc tir cia cugn day

b. Tinh d§ I6n moment luc tac dung Ién cugn day
13



Bai giai:
a. Tw phwong trinh 29.16

Heoit = NIA = (25)(15 x 10-3A)(0,054m)(0,085m) = 1,72 x 10~3A. m?

b. T phwong trinh 29.17

T=p,uB=01,72x10"3A.m?)(0,35T) = 6,02 x 10"*Nm

29.6. HIEU UNG HALL

Hiéu tng Hall 1a mot hiéu ung vat Iy dugc thuc hién
khi &p dung mét tir truong vudng goéc 1én mot ban lam
bang kim loai hay chat ban dan hay chat dan dién noi
chung (thanh Hall) dang c6 dong dién chay qua. Luc do
nguoi ta nhan duoc hiéu dién thé (hiéu thé Hall) sinh ra tai
hai mat d6i dién caa thanh Hall. Ty sé gitra hiéu thé Hall
va dong dién chay qua thanh Hall goi la dién tro Hall, dac
trung cho vat liéu lam nén thanh Hall

Hiéu tmg Hall duoc quan sat dau tién vao nam 1879
boi Edwin Hall. So do thi nghiém duoc bé tri nhu hinh
29.22.

Mot tam vat dan ¢ cuong do dong dién theo phuong

x dugc dit trong tir truong déu cé cam Gng tir B theo
phuong y.

|
S | // >
d QRGN *F/;
Z =y
| V{ \.\‘

=
—_—

Hinh 29.22: So db thi
nghiém quan sat hiéu ung Hall

Gia su trong vét dan dong dién la dong dich chuyen cua electron mang dién tich &m, dong
dién | theo chiéu duong truc x thi electron dich chuyén theo chiéu nguoc lai Véi van tc troi
va. Khi d6 electron sé& bi lyc tir tAc dung l1am chdng léch [én trén va tap trung vé phia canh
trén cua tam, va dé lai dién tich duwong tap trung vé phia canh dudi. Sy tap trung dién tich ¢
cac canh cua tAm vat dan tao ra mot dién truong Ej ¢6 chiéu tir duéi 1én trén theo phuong z.
Sy ton tai cua dién trudng nady tao ra luc dién tac dung Ién electron 1am cho né di chuyén
xubng canh dudi. Trong trudng hop dong dién c6 céc hat mang dién tich dwong thi dién
truong E & ¢6 chidu nguoc lai, tirc 1a hudng tir trén xudng duai. Khi lue dién va luc tur tac
dung Ién electron bang nhau thi diéu kién can bing dat dugc, tc 1a electron khong con di
chuyén theo phuong z. D6 chénh léch dién thé gitra canh trén va canh dudi duoc goi la hiéu

dién thé hoic dién ap Hall.
Tir diéu kién can bang, ta co:
quaB = qEy
EH = vdB

Néu d 1a chiéu rong cua tam vat dan thi dién ap Hall 1a:

AV, = Eyd = v, Bd (29.19)
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https://vi.wikipedia.org/wiki/T%E1%BB%AB_tr%C6%B0%E1%BB%9Dng
https://vi.wikipedia.org/wiki/Kim_lo%E1%BA%A1i
https://vi.wikipedia.org/wiki/Ch%E1%BA%A5t_b%C3%A1n_d%E1%BA%ABn
https://vi.wikipedia.org/wiki/D%E1%BA%ABn_%C4%91i%E1%BB%87n
https://vi.wikipedia.org/wiki/D%E1%BA%ABn_%C4%91i%E1%BB%87n
https://vi.wikipedia.org/wiki/D%C3%B2ng_%C4%91i%E1%BB%87n
https://vi.wikipedia.org/wiki/%C4%90i%E1%BB%87n_th%E1%BA%BF

Theo phuong trinh trén, khi ta do duoc dién thé Hall thi s& tinh dugc van tc troi cua
dong dién tich. Cling tir ddy ta xac dinh dwoc mét do dién tich néu do thém cuong do dong
dién I. Dua vao phuong trinh 27.4, van toc troi la:

i

Ve =7 (29.20)

Véi A la dién tich mat cat ngang caa tim vat dan. Thay phwong trinh 29.20 vao phuong

trinh 29.19, ta duoc:
IBd
AV = (29.21)
Do A= td, véi t 1a chiéu day cua tAm vat dan, phuong trinh 29.21 ¢6 thé viét lai:
_ IB _ RyIB

AV === (29.22)

V6i Ri = 1/nq duoc goi 1a hé s6 Hall. Nhu vay, khi tinh duoc hé s6 Hall thi tir dau va gia
tri cua Ru ta suy ra dwoc mat do hat dan va dau dién tich cua né.

Vi du 29.6:Hiéu wng Hall Ién miéng dong

M@t dai dong hinh chir nhat réng 1,5 cm va day 0,1 cm mang dong dién 5 A. Tim
dién ap Hall khi tir trwong 1,2 T tac dung 1én no6 theo hwong vudng goc veoi dai.

Bai giai:
Gia sir méi electron trén mdi phan tir déu din dién, ta c6 mat dé phan tir mang
dien:
= Na_Nap
V M
T phwong trinh 29.22
AV, = IB _ MIB
™ ngt ~ N,pqt
AV = (0,0635 kg/mol)(54)(1,2T)
H = (6,02 x 1023mol-1)(8,920 kg/m3)(1,6 x 10-12C)(0,001m)
=0,44 uv
TOM TAT
Luc tur tAc dung Ién hat mang dién tich N
Fg = qvxB |
fii: q?x ﬁ
Phuong cua lyc tir : vudng goc mat phang chaa (¥, B)
Chiéu : theo quy tic tam dién thuan d = g
Do I6n :Fg = |q|vBsin® /
0: gdc gitra v va B I

Pon vi cua B la Tesla (T)

15



1T =1N/A.m

Dién tich chuyén dong trong tir tredng déu sao cho van tde ban dau v vudng goc véi cam tng
tir B thi dién tich s& chuyén dong tron vai ban kinh:
mv

r=—
gB

Van téc goc cua hat 1a:
v _ a8

r m B
Chu ky chuyén dong la:
2Tr _ 2T _ 2Tm

i v w gB .
Luc tur tAc dung Ién day thang mang dién dat trong tur truong déu la
7 Fg = (ILx B)
Truong hop tong quat cho déy di¢n bat ky thi ta chia soi day dién thanh nhitng vi phan
chiéu dai ds, khi do luc tac dung cho ca doan day ab la:

— b—) —_
FB=IJ ds x B
a

Moment ludng cuc tir | (goi tat 1a moment tir) caa khung day la:

ui = IA )

Neéu c6 mét cudn day dugc cuon N vong thi moment tir ciia cudn day la:
Hcoll = NIA N

Moment lyc tc dung 1én khung day dién kin dat trong tur truong déu B:
T=H X B

bién thé Hall
IBd IB _ RyIB

nqA - nqt t

AVH - EHd - UdBd -

Cau héi ly thuyét chwong 29

1. Mot tir trudong déu khdng thé gay ra mot luc tir 18n mét hat trong truong hop nao sau
day? Co6 thé chon nhiéu dap an.

(a) Hat duoc tich dién.
(b) Hat dién di chuyén vuéng goc vai tir truong.
(c) Hat dién chuyén dong song song Véi tir truong.
(d) Cuong d6 cua tir trudng thay doi theo thoi gian.
(e) Hat dién tich dang dung yén.
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Ddp sé :cvae

2.

Sap xép theo thir ty tir 16n dén nho cuong do cua cac luc tac dung Ién hat dién
(a) Mot electron di chuyén véi toe d6 1 Mm / s vudng goc Véi tir truong 1 mT
(b) Mét electron chuyén dong véi te dd 1 Mm / s song song Vi tir truong 1 mT
(c) Mat electron chuyén dong véi toc 6 2 Mm / s vubng goc véi tir truong 1 mT
(d) Mot proton di chuyén véi toc ¢6 1 Mm / s vubng goc véi tir trudng 1 mT

(e) Mot proton di chuyén véi toc 6 1 Mm /s , hop Véi vecto cam ng tir mot goc 450,
do6 lon tu truong 1 mT

Ddp 56 (c) > (a) = (d) > (e) > (b)

3.

Mot thanh dong méng dai 1 m c6 khdi luong 50g. Tinh cuong do dong dién toi thiéu
trong thanh dé cho phép no bay I&én khoi mat dat trong mot tur truong 0.1 T?

(@) 1,20 A
(b) 2,40 A
() 4,90 A
(d) 9,80 A
(e) Tat ca déu sai

Dap 0 c

4.

Tra loi ting cau hoi C6 hay Khong. Gia sir cac chuyén dong va chiéu dong dién doc theo
truc X va chiéu cac truong huéng theo truc y.

(a) Dién truong co tac dung mot luc 1én mot vat nhiém dién dang yén khéng?

(b) Tir truong 6 tac dung mot luc 1én mot vat nhiém dién dirng yén khong?.

(c) Pién truong c6 gay ra mot luc tac dung 18n vat nhidm dién chuyén dong khdng?
(d) Tur trudng b gay ra mot luc tac dung 18n vat nhidm dién chuyén dong khdng?
(e) Pién truong cé tac dung luc 1én day thang mang dong dién khong?

(f) Tur truong c6 tac dung luc 1én day thang mang dong dién khdng?

(g) Pién trudng c6 tac dung lrc 18n mot cham electron chuyén dong khong?

(h) Tur trudng cd tac dung luc 18n mot chuim electron chuyén dong khéng?

Ddp sé : (a) Co, (b) Khdng, (c) C6, (d) Co, , (e) Khdng, (f) Co, (g) Co, (h) Co

5.

Mot tir treong déu co 1am mat electron chuyén dong khdng néu ban dau electron dung
yén thanh? Giai thich cau tra loi cua ban.

Giai thich tai sao khong thé xac dinh riéng ré& dién tich va khéi luong cia mét hat tich
dién bang cach do gia toc dugc tao ra boi luc dién va luc tir tac dung I1én hat.
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7. CO thé dinh hudng mot vong day dién trong tir truedng déu sao cho vong day khong cé xu
huéng quay khong?

8. Chuyén dong cia mot hat tich dién c6 thé duoc dung dé phan biét tir truong va dién
trrong tac dung 1én n6é khdng? Hay giai thich vi sao?

9. Lam c4ch nao mot vong day dién c6 thé duoc sir dung dé xac dinh sy hién dién cua tir
truong trong mot vung khéng gian nhat dinh?

Bai tap chwong 29

1. O xich dao, gan bé miat Trai dat, tir truong khoang 50 mT, huéng vé phia bac va dién
truong khoang 100 N / C huéng xuéng trong diéu kién thoi tiét tot. Tim luc hap dan, luc
dién va luc tir tac dung 1én mot electron dang chuyén dong véi van tc tac thoi 12 6 x
10° m/s huéng vé phia dong.

Pdp s6: Lwuc hdp dian: 8,93 x 1073°N huéng xuéng, Lwc dién: 1,60 X
10"Y7N huéng lén, Luc tir : 4,80 x 10~ N huéng xudng

2. Xac dinh huéng cong ban dau caa cac hat tich dién khi chang di vao tir trudng thé hién
trong hinh P29.23.

Bin Bnp
- — + + + } -
B;n 45°
I 45K°
= p : 15
B right ////(
/
———— Yl 4
T
PR " C——
PR — i

Hinh 29.23 : Hinh minh hoa bai tap 11

Dip s6 : (a) huong Ién, (b) hwong ra khdi trang gidy, (c) khéng thay doi huweng, (d)
hwong vao trang giay

3. Tim phuong, chiéu cua tir truong tac dung 18n mot hat tich dién duong chuyén dong trong
ba truong hgp mo ta ¢ hinh 29.24
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v v (out)

Hinlt 29.24: High minh hoa bai tap 12|
Ddp sé : (a) hwéng vao trang gidy, (b) hwong xudng dwdi trang gidy
Mot proton di chuyén trong mot tir truong déu, van téc 1 x 107 m/s theo chiéu duong
tryc z, vudng géc véi cam tng tir B. Hat c6 giatéc 2 x 1023 m/s? theo chidu duwong truc
x. Xac dinh cam ung tur B.
Ddp s6 :B = —20,9j mT

Mot electron di chuyén theo duong tron vudng goc tir trudng déu 2 mT. Néu tde do cua
electronla 1,5 X 107 m/s , hdy xac dinh (a) ban kinh ctia duong tron va (b) khoang thoi
gian can thiét dé electron di chuyén hét vong tron.

DPdp sé 2 (a) 4,27cm, (b) 1,79 x 10785
Mot hat co dién tich q va dong ning K di chuyén trong mot tir truong déu co do Ion B.

Néu hat chuyén dong theo duong tron ban kinh R, hay tim céc biéu thuc cho (a) toc do
cua no va (b) khoi Iugng cua nd.

PooX, _ 2K _ 4*B2R?
Ddp so: (a) v = prrg (b)m = -

Mot electron va cham dan héi vai electron thir hai dang dung yén. Sau va cham, ching
chuyén dong véi ban kinh quy dao cua ching lan luot la 1cm va 2,4 cm. Cac quy dao
vuodng goc vai tir truong deu 0,044 T. Xac dinh nang lugng (tinh bang keV) cua electron
dau.

Ddp sé : 115 keV

Mot electron di chuyén theo dudng tron vubng goc véi tir truong déu ImT. Moment dong
luong cua electron doi véi tam vong tron 1a 4 x 10725 kgm?/s. Xac dinh (a) ban kinh
cua duong tron va (b) toc do cua electron.

Ddp sé : (a) 0,05 m , (b) 8,78 x 10° m/s

Mot day thang mang dong dién 3A dugc dit trong mot tir trudng déu 0,28 T vudng goc
véi day.

(a) Tim dd 16n cua luc tir I1én mot phan cua day c6 chiéu dai 14cm.
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10.

11.

12.

13.

14.

15.

16.

(b) Giai thich ly do tai sao ban khong thé xac dinh dugc huéng cua lec tir véi thong tin
duoc dua ra trong bai toan.

Ddp sé : (a) 0,118N

Mot day dﬁp mang dong dién I = 15 A huéng theo chiéu duong truc x va vuéng goc véi
tur truong deu. Luc tu tac dung trén moi don vi chiéeu da‘i cuadayla0,12 N/ m va hudng
theo chicu am cua truc y. Xac dinh do¢ I6n, phuong, chiéu caa tur truong nay.

Ddp 56 : 8 x 1073 T, huéng theo chidu dwong truc z

M6t soi day c6 chiéu dai 2,8 m mang dong dién 5A dit trong tir trueong déu 0,39 T. Tinh
do I6n cua luc tir tic dung 1én day khi gdc giira tir truong va dong dién la (a) 60°, (b)
90%a (c) 120°.

Ddp sé : () 4,73N , (b)5,46 N, (c)4,73N

Mot cuon day gom 50 vong day tron, ban kinh 5cm c6 thé duoc dinh huéng theo bat ky
hudng nao trong tur truong déu co6 cuong do 0,5T. Néu cuon day mang dong dién 25mA,
tim do Ion cua moment luc cuc dai tdc dung I1én cudn day.

DPdp 56 : 4,91 x 107 3Nm

Mot dong dién 5A chay qua mot vong day tronduong kinh 10 cm va dugce dat trong mot
tir truong deéu 3 mT. Tim (a) moment lyc cuc dai tac dung Ién day va (b) khodng gia tri
cua thé nang cua hé day- tir truong cho nhiéu hudng khac nhau cua vong day.

DPdp sé :(a) 118 x 10"°Nm, (b) 118pJ < U < 118p]

Pau do higu tmg Hall hoat dong véi dong dién 120 mA. Khi dau do dugc dat trong mot
tur truong déu 0,08T, no tao ra dién ap Hall 12 0,7 mV.

(a) Khi n6 duge dung dé do mot tir trudng khac, dién ap Hall 12 0,33 mV. Tinh cuong do
cua tur treong nay?

(b) Do day ctia dau do theo huéng cua B 1a 2mm. Tim mat do cua cac hat mang dién biét
moi hat ¢6 d6 l6n dién tich la e.

Ddp 56 :(a) 37,7 mT, (b) 4,29 x 10*°m™3

Trong md hinh nguyén tir hydro caa Niels Bohr 1913, mét electron don 1é chuyén dong
trén mot quy dao tron ban kinh 5,29 x 10~ m , véi toc o 12 2,19 x 10 m/s.

(a) Tinh do 16n cia moment tir gay bai chuyén dong cua electron?

(b) Néu electron di chuyén trén dudng tron trong mat phang nam ngang, nguoc chiéu
kim dong ho khi nhin tir trén xuong, tim hudng cua vecto moment tir ?

DPdp 56 :(a)9,27 x 10724 Am?, (b) hwéng xudng

Mot hat dién tich duong g = 3,2 x 1072°C di chuyén véivantéc % = (2i + 3j — k) m
/' s qua mot khu vuc c6 ca tir truong déu va dién truong déu.
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17.

(a) Tinh tdng cac luc tac dung Ién hat dién tich nay (theo ky hiéu vector don vi), véi B =
(20 +4j+k)TvaE = (4i—j—2k)V/m.

(b) Goc hop bai vecto luc véi chiéu duong truc x bang bao nhiéu?

Ddp sé

(a) F = (3,52i — 1,60]) x 10~18 N, (b) 24,4° theo chitu duvong truc x

M6t thanh kim loai nang 0,2 kg mang dong dién 10 A lu6t trén hai thanh ray nam céch
nhau 0,5 m. N€u h¢ s6 ma sat dong gitta thanh va duong ray 1a 0,1 thi mot tir truong theo
phuong thang ding bang bao nhiéu dé gitr cho thanh di chuyeén vai toc d6 khong doi?

DPdp sé : 39,2 mT
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