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Tuong tac tir

Tur truong tao boi mot hat dién chuyén dong

Ttr truong tao boi phan tir dong dién

Dinh luat Gauss ddi voi tir truong

Pinh Iy Ampere vé dong dién toan phan

Ung dung dinh luat Ampere

TS. Nguyen Kim Quang

Téc dung ctia tir truong 18n dién tich chuyén dong

Chuyén dong cua dién tich trong tir truong

Tac dung cua tur truong I8n dong dién

Tac dung cua tir truong [8n mach dién kin

PIEN TU

—d

TS. Nguyen Kim Quang

Hién twong tir da duoc phat hién nhidu thé ky trude CN. Tur truong tu nhién
(dia twr, quang sat tir hda - nam cham,...), va nhan tao (trong cac thiét bi dién tr
nhw méto dién, tivi, 10 vi song, 10 fr, loa, 6 dia may tinh, bang tw, thé tir,...)

Bén chat cua twong tac tir 13 luc tac dung 1én cac dién tich chuyén dong, khac
v6i ban chat cua tuong tac dién (fwong tac gitta 2 dién tich).

P@k‘@i

‘e’

Kim la ban dinh huong theo tir truong.

1. Pién tich chuyén dong hay dong dién tgo ra tir trwdmg.

2. Tir truong tdc dung lwc |én di¢n tich chuyén dong hay dong dién.
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North geographic pole
(earth’s rotation axis

The geomagnetic north pole is actually
a magnetic south (S) pole—it attracts
the N pole of a compass.

Compass

Magnetic field lines show
the direction a compass

would point at a given

location.

The earth’s magnetic
field has a shape
similar to that pro-
duced by a simple

bar magnet (although

actually it is caused by
electric currents in the
core).

The earth’s magnetic axis is

offset from its geographic axis.

south pole is actually a South geographic pole
magnetic north (N) pole.

Phéac hoa tir truong cua trai dat.

TU TRUONG

Ludn #6n tai cdp cwe Nam — Béc tir. C6 gdng tach ciee tir sinh ra nhiéu cdp cue tir.
Néu tiép tuc phan chia nam cham, cuéi cung dan den mét nguyén tir sat ciing O cuc
Nam — Bdc.

——
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1. TU trudng tao bdi dién tich chuyén dong (Dién tich chuyén déng

tao ra tu truong)
Mot dién tich q di chuyén véi van toc v
tao ra xung quanh mot tur truong B:

Plane of
Fand U

= Uv,T
B 4 r?
% o
Vecto: B_&qur ,r=£
mT™ T o
Ho=4n x 107 (T.m/A)
bon vi B: T (Tesla) l,; P
- B
Dinh nghia vecto H: H = E (A/m)

1T=1N/Am

1 G (Gauss)= 10T thuong dung do dia tir

Tuwr truong bac 10T xay ra trong nguyén tu.

Tir trong déu [ém nhdt da tao ra trong phong thi nghiém ~45T.
Trén mdt sao neutron wéc tinh la 108 T.

———
&

1) | E.\J TU TU TRUONG T8S. \'\gm'ﬁu Kim Quang

2. Tu tru'dng tao bdi dong dién (Dong dién tao ra tur truong)
Nguyén Iy chéng chét tir trudng:
B= Zﬁi
Phan tir dong dién dai dl, tiét dién A,
mat d§ dién tich n.q, c6 dién tich:

Plane of
Fand dl

dQ=n.g.A.dl B
Wo nlglAdl.vg.sing =0
dB=—————— MmangAvs= |
4T r2
_ Moldlsing = MoldIx7 g K
b=~ B !

(Pinh ludt Biot — Savart)

B= f dB  Tir truong do dong dién L tao ra bang tong
i vecto tw truong cua moi phan ti dong dién.

N
B= Z B; Turtruong do N dong dién tao ra bang tong
= vecto tur truong cua cdc dong dién.
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TS. Nguyén Kim Quang

PIEN TU

2. T tru'ong tao bai dong dién - Thi du
Dong dién thang

Phan tir Idl = Idy sinh ra tai P tir truong dB: T
dB = hldy. sing a hhd)z
4t 12
. X
r= sin ¢

X
y = —x.cotgd = dy = SnZ dé

_ Mol sing  x _ Hol |
B= i [ x Zsinzq)dq) h nxsmd)dd)
(m3)
¢2
B = f dB = Mol (cosdp, — cosd,)
41mx

¢=¢1
. . s s o Mol Chiéu cua B theo quy
Khi ¢;— 0va ¢p,— n (day rat dai so véi x): B = o the ban tay phai.

TS. Nguyen Kim Quang

PIEN TU

2. Tir truong tao bdi dong dién - Thi du
Dong dién tron — Tinh B tai diém P trén truc

Phan tir Idl sinh ra tai P tir truong dB: d

> B I.dl
VildlLY 2dB=-——
41 r2
a
cosf = —
r
pola.dl
dBX = dB.cosb = Er—s,
Hola
B=BX:§dBX=mfdl
. .2 . tola®
Ttr truong tai mot diém trén truc cua vong dién tron: B = ——————-+
2(x2 +a2) /2

[
T truong tai tam O cua vong dién tron: B = Z—Oa

Chiéu cta B theo quy tic ban tay phai.
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2. Tir truong tao béi dong dién - Thi du
Dong dién cung tron — Tinh B tai tdm C

Phan tir 1.ds sinh ra tai tdm C tir truong dB:

Vi 1S 17 = dp = Holds
1 S r py RZ . \
! T
0 Cce’ ] I Qpas
B ~ 7
= ) )
\/ o

=de_”dfd¢

Tir trueong tai tim C vudng goc mit phang chira dong dién cung tron, chiéu
xac dinh boi quy tac ban tay phai (hudng ra):
ol
4mR

1) | E.\J TU TU TRUONG 7S. Nguyén Kim Quang

3. Pinh luat Gauss do6i véi tir trudng - Pudng sirc tir
DPuwang sire tir 1a duong cong vé ra trong khdng gian sao cho tiép tuyén tai
mbi diém tring véi vecto tir truong tai diem d6. Chiéu cia dudng sirc theo
chiéu cua tir truong (chiéu cia Kim la ban).
Dudng sue tir 1a dwong cong kin, khac dudng suc dién la duong cong ho.

Mat d6 duong stc tir ti 1é v6i do 1on cua tir truong tai moi diém.
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A
o

A
U

Duong sire tir do dong dién thdng BPuwong sire tir do dong dién tron

PIEN TU TU TRUONG

3. Pinh luat Gauss doi vai tir truong - Tir thong

Tir théng qua mit vi cip dA:
ddg = B -dA = B,dA = BdA.cosd ,$ = (B, dA)

Tur thong quamat A:  dg = f B-dA
A
Don vi: Wb = T.m? N
Tir thong qua nhiéu mit: g = Z g,
i=1
Tir thong qua mét kin bat ky luén bing 0
(Dinh ludt Gauss doi voi tir truong):.

¢B=ff§-dK=0

Puong siee tir la dieong cong kin = Tong dwong sike
di vao bang tong dwong sirc di ra khoi mat kin.
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Thong lugng tir trudng — Thi du

Vong chit nht a x b dat gin dong dién thang I nhu hinh v&. Tinh tir thong qua
mat chir nhat.

dr
) .. I
Tur truong do dong dién thing sinh ra: B(r) = :—0 o * ”
— — o I X X X x x
(B 11 dA) i .
.z N R x x x x x
Tur thong qua mét chir nhat vi cap (mau nau): T
N N UOI x x x x x
ddg =B:dA =B.dA =B(b.dr) =-—b.dr —
2T[r x x X x b x
Tur thong qua mét chir nhét (a x b) :
c+a x x x x x
- - Ib [ dr Ib c+a
d)Bsz-dA:uO— —=u0—lnr x x x x x
2T r 2T c = S
A c S - a >
uolb c +a pelb a x x| x x x
= dg = = In(1+-
B~ 21‘[ c 2T n( * )

1) | E.\J TU TU TRUONG T8S. \}:U}'U\H Kim Quang

4. Pinh luat Ampere vé dong dién toan phan

Luwu sé cha tir trwong doc theo Amperian
duong cong kin bat ky C bang tong  loop
dai sb cuong d6 dong dién qua mit

gi61 han boi duong C nhén vai .

LB=f§-dT=u0 5
C j

@3

Direction of
integration

béi chiéu diong dwong cong C theo qui

tic ban tay phii.
“21/ untegldtlon

Thi du: Puong cong kin Ampere chi bao quanh /
dong i; va i, , va dong i; theo chiéu duong ctia
mat gidi han: \
—d

Chiéu dwong cua mat gioi han xdc dinh w
1
l\ Direction of

LB=fB'd1=H0(i1_iz)
C
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4. Dinh luat Ampere vé dong dién toan phan

d
@ ®5A
1A
C
b

a ®2A
Xélp thir tu tir 16n nhat dén nhé nhdt dé 1én
cua luu so tir trwong doc theo duong
congkina, b,c,d?

—d

1) | E.\J TU TU TRUONG T8S. \}:U}'U\H Kim Quang

5. Ung dung dinh luat Ampere vé dong dién toan phan
Tu tru'eng sinh béi tru dan dién dai Amperian loops

Tru dan dai, tiét dién ban kinh R mang \ LA
dong dién khdng doi I. Xac dinh tir truong
cach truc dong dién mot khoang r.

Xét duong tron Ampere C ban kinh r
(dwong xanh dirong). Vecto B tiép xic véi
C (B//dl) va c6 do 16n khong doi trén C.
Luu sb tir trudng doc theo duong cong C:

f‘B’-dT: del = B(2mr) = pol¢
C C wol | ____
HOI r —Z—ﬁ |
<R, B(Zﬂr): }lol.rZ/Rz = B= ﬁﬁ Bocr i Boc1/r
I
l
— _ Mol I
>R, B(an)— HOI = B= ﬁ : -
R
—d
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5. Ung dung dinh luat Ampere vé dong dién toan phan
T trudng sinh béi cudn day hinh xuyén (foroidal solenoid)
Cudn déy hinh xuyén gdm N vong, ¢6 dong dién I chay qua.
Xét dudng tron C ban kinh r (a<r<b). Vecto B tiép xtic voi C (B//dl) va c6 do
16n khong doi trén C. Luu s6 tir trudng doc theo duong cong C:
_ NI
2mr

f_B)-df=ngdl=B(2T[r)= WNI =B
o

Xét duong tron C* — Tur truong bén ngoai cudn day ~ 0

—d

1) | E.\J TU TU TRUONG T8S. \'\gm'ﬁu Kim Quang

5. Ung dung dinh luat Ampere vé dong dién toan phan
T trudng sinh bdi cudn day solenoid

Cuon day Solenoid gdom N vong, dai L ¢ dong dién | chay qua.

N
L Current
] oNoNcNcRoNoNoNoNolcl e
Xét dguong cong Ampere hinh — =
chit nhat abcd [ ———.
@@ 32 ® ® ® B0 ® @ ¢
= kg t
B-dl:del=B1=|J,01’101.I bL———+—————:a in]::;ren
abcd cd 1’4’| page
=> B = uonol
—d

CuuDuongThanCong.com https://fb.com/tailieudientucntt 9


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

17/05/2017

PIEN TU

TS. Nguyen Kim Quang

6. Tac dung cua tir tru'dng (tir lu'c) 1én dién tich chuyén ddng
bién tich diém g dang chuyén dong vdi van tdc v hop vdi vecto B mot goc ¢ s&
chiu tac dung mdt lue tir F theo phuong | mit phang chira vecto v va B.

Chiéu cua lyc F xac dinh theo qui tic ban tay phai va c6 do 16n:

Do lon tirlye:  F = |q|v, B = |q|vB.sind The magnetic force is .
perpendicular to both v and B.
Biéu dién vecto: F = qV x B

=

FB
DPonvi SI: B: T (Tesla) ; q: C;v:m/s; F: N
B
0
v
—d

1) | I.;:.\J TU TU TRUONG 7S. Nguyén Kim Quang

6. Tac dung cua tir trurdng (tir Iuc) 1én dién tich chuyén déng
Xac dinh chiéu cua tir truéng bang 6ng phéng tia am cuc
Duéi tac dong cua tir trudng, tia e~ s& bj 1éch phuong chuyén dong.

(@) If the tube axis
is parallel to the
y-axis, the beumﬁis
undeflected, so B is
in either the +y- or
the —y-direction.

(b) If the tube axis is parallel to the _r—axis,_the
beam is deflected in the —z-direction, so B is in
the + y-direction.

Electron be,
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7. Chuyén ddng cua dién tich trong tir trudng
Pién tich chuyén ddng theo phuong L B

Tir lyc F trén q huéng tdm va c6 d6 1on khong dbi:

v2
F=|qlvB=m—

R
Bén kinh quy dao tron: R = ——
an uy dao tron: =—
N v [qB [q|B
Véan toc goc: w—R—vmv— m
Tan s cyclotron: f—g—@ Hz=s1
an so cyclotron: =9n " 2mm ' HZT

1) | E.\J TU TU TRUONG 7S. Nguyén Kim Quang

7. Chuyén ddng cua dién tich trong tir trudng
Pién tich chuyén ddng theo phuong hgp véi B mdt géc o = mt/2

Phan tich v theo phuong L va || véi
vecto B:
V == VJ_ + \7"

Hinh chiéu chuyén dong ciia q trén mat
phing yz | B (luc F=qv , B) la chuyén
dong tron ban kinh R:

mv, mv.sina

R ==
lqIB lqIB

Hinh chiéu chuyén dong trén tryc x /B
(v6i F=0) la chuyén dong thiang déu véi
van toc: V, =V = V.coSa

Quy dao cuia q 1a helix. Luc tir khong sinh cong (vi F L v), do d6 toc do va dong
nang cua hat khong doi trong tir truong déu B.

—d
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7. Chuyén ddng cua dién tich trong tir trudng: Ung dung
Chai tir (magnetic bottle): tao ra ving tir truong manh dé nhdt cac khi ion
hoa nang lugng cao (plasma), nhiét do co thé 1én dén hang triéu do ma cac vat
liéu 1am binh chira déu hoa hoi.

Coil 1

Hai cuon day dién (coil ) tao tir truong dang chai. Tir Iiec hai dau
hieémg vao vang tam. Pién tich chuyén dong xodn oc qua lai hai dau chai rir.

—d

DIEV U [ i TS. Nguyén Kim Quang

7. Chuyén ddng cia dién tich trong tir trudng
Vanh dai birc xa Van Allen (Van Allen radiation belts):
Phat hién 1958, do dia tir nhot cac hat dién tich (chii yéu e va p) tir gié mdt troi
va mét phan hat vii try. Dia tir cung lam léch tia vii tru hudng dén trdi dat.
Bdo tir mdt troi va dién tir bién doi cua vanh dai Van Allen c¢6 thé gay hai cho vé
tinh va anh huong dén sy song trén mat dat.

magnetic field
Protons trapped in
inner radiation belts

B il
i
f

South

trapped in
jation belts

(Van Allen belts) (Cuc quang - Aurora)
—d

12
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7. Chuyén ddng cua dién tich trong tir trudng
Vanh dai birc xa Van Allen (Van Allen radiation belts)

TS. Nguyen Kim Quang

-

particles ehough energy to spiral into
atmosphere and create aurorae

//M‘od solar wind particles deflected on past planet*\
N Ibutalleulvlaak inta magnetosphere to get trapped * !
~ _ in radiation belts

radiation '
belt

(Bdo dia tir gdy béi gié mdt troi lén tir triong trdi ddt)

PIEN TU TU TRUONG

TS. Nguyen Kim Quang

7. Chuyén ddng cta dién tich trong tir trudng - Ung dung

Thiét bi lua chon toc do hat dién tich
Cac hat dién tich q phat ra tir nguén cathod nhiét hoac
tur vat liéu phong xa di chuyén khong cung toc do v. RS /s
=N\
N . A s A Lo |1 e
Nhirng hat chiu lwe dién va lye tir cAn bang nhau s€ 1
chuyén dong thing va di qua thiét bi Iya chon toc do: < [["Eo =t
|-l 4
F.=F,=qE=qB=Vv=E/B x Ix:x.
—
|
Diéu chinh dién truong E va tir truong B dé cho hat o |[! 1
toc do v thich hop di qua. x | M=+
e —4
XX | | |
~ 1

2

—d

/Ql—80urce
q

X

-~

X

(Velocity selector)
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7. Chuyén ddng cua dién tich trong tir trudng: Ung dung

Phé ké khdi lugng (Mass Spectrometers) E
Hat (ion) khdi luong m, dién tich q di qua khe S, !
cua thiét bi Iva chon toc do sé cd toc do v=E/B r6i \/ g 1
di vao tir truong B’ theo phuong vudng goc. L_ii'—'«z ?
i |
Quy dao cua hat s& 1 cung tron ban kinh R: N | |
mv Velocity selector :
7 selects particles | H———!
|q| B with speed v. I |
7 S |
Bict q, v, B’ va do R (bang kinh anh) s€ suy AN
ra khoi lugng m: EB |
, + ] l 4
= Rm Particle Al : o
\4 detector L 0 L
7 |
Nho phuong phap nay, nguoi ta da do khoi . 5\ a o S
lugng cac ion va kham pha mot s6 dong vi mZ\ ml N JL J
clia cac nguyén to. \|Z :

IR

15) | E\J TU TU TRUONG TS. Nguyen Kim Quang

7. Chuyén dong cta dién tich trong tir truong: Ung dung
Thiét bi Thomson

Vv Electrons travel from the cathode to the screen.

Electron beam

Cathode

Between plates P and P’ there
are mutually perpendicular,
uniform E and B fields.
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7. Chuyén ddng cua dién tich trong tir trudng: Ung dung
Sc do Cyclotrons

AC voltage

® Bin

1) | I.;:.\J TU TU TRUONG 7S. Nguyén Kim Quang

8. Tac dung cua tir trudng (tir lu'c) 1én dong dién

Luyc tu tég dung 1én dién tich q dang chuyén dong = j/f il
voi vén toc vy trong dong dién dat trong tir truong B: X i <
= s - > < D¢ b b3 4
Fq = qV x B X x >¢'; X x x
d

Luec tur tac dung lén tat ca N dién tich q mat do n X x| Ix x
dich chuyén trong doan dong di¢n dai 1, ti€t dién A: <SR o |x
b — T — v B — TR 5% % X < x =

F = NFy = nqAl(V4 X B) = nqAv4.I x B j o

= ﬁ=I.TX§

= Tu lyc trén mot phén tir dong dién Idl:

B
dF =1d[xB =1d§ x B -
L& 1
= Tu luc tac dung lén dong dién I dat trong tir dF©O=~ 7
truong B: L
i= [ aF= [ waixE "
dong dién dong dién B .
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8. Tac dung cua tir trudng (tir lu'c) 1én dong dién: Thi du
Tw luc tac dung Ién dong dién nira vong tron kin
Tir lye the dung Ién doan dong dién thing 2R: i
F, = I2R.i x B.j = 2IRB(i X j) = 2IRB.k |

A y
| L
T lye trén phan tir ds ctia cung tron: /

dF, = IRd6. B.sin6 = IRBsin6. d8

Xét cung tron. Phan tir ds: ds = Rd

T luc trén nira vong tron:
s

T
F, = f dF, = IRBf sinB.d6 = 2IRB = F;
0 0
Tong tir lyc trén dong dién nira vong tronkin: F; 1L F, = F=F, +F, =0

-
<

Biéu dién vecto:

dF, = Id$ x B = IRdO(—sin 81 + cos B ) x Bj = —IRBsin6. dok
V3 V3

F,= J dF, = —IRBIEJ sinf.d® = —2IRBk = —F,
0 0

—d

15) | E\J TU TU TRUONG TS. Nguyen Kim Quang

8. Tac dung cua tir trudng 1én dong dién: Ung dung
Loa phat thanh (Loudspeaker)
Cudn day dién (mau cam) dong truc véi nam cham va gén lién v6i man loa.
Tir Iwe ctia nam cham tac dong 1én cudn day dién mang tin hiéu am lam cho
man loa dao dong tao ra song am. Cuong dd dong dién qua cudn day cang
16m, tlr lwc cang manh va gay ra cuong dod séng am cang Ién.

B ficld of
\ permanent
Magnets ) \ magnet R
! Voice \
coil Direct.ion/
= -—4A--- of motion
of voice coil
- l YT and speaker,
\ Flexible | cone \
U suspension =
Signal ring
from

amplifier © =0 S __3
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MAGNETIC FLUX

Magnetic fields
emanating from the
coils pass through
the duct.

Electric current

An electric current flows
between a pair of electrodes
inside each thruster duct.

Each duct is wrapped *
in saddle-shaped
superconducting
magnetic coils.

LA repulsive interaction

M(')‘\',%wgm between the magnetic field

and electric current drives
water through the duct.
Hé théng ddy Tir thiy dong lwe hoc MHD (MagnetoHydroDynamic

propulsion system) tao lwe ddy rdt it tiéng dn so vdi hé théng ddy

chdan vit, ddc biét cho tau ngdm.
—d

DIEN TU TU TRUONG TS. Nguyen Kim Quang

Guideway Rail

Arm
Levitation
electromagnet

Magnetically Levitated Train (High-Speed Railway)

—d

Guideway
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TS. Nguyén Kim Quang

9. Tac dung cua tir truong Ién mach dién kin
Xét khung day chit nhét (hinh v&). e
Luc F trén canh a: F=IaB
Luc tong hop trén mach kin trong tir
truong déu bang 0 nhung momen
ngau luc 1 (torque) ndi chung khéc 0.

t = F.b.sing= IBa.bsing=1BAsind
Moment ludng cuc tir cia mach kin:
u=1A - fi=1A

- — — =g \'
=t=uBsing - T=1UXB
Cong ctia ngau lyc t lam ludng cuc quay mot goc dd 7

dW = —td= —uB.sing.d = —dU X | E
b2 HT T

W= f —uBsing.d¢p = pBcosdp, — pBcosdp; = . Adg = —AU \ ?

, 4)1 = =~ 3
Thé nang cua ludng cuc tu: = L e

o = |/
U= —u-B = —uBcosp = —IABcosp = —1dy
—d

1) | E.\J TU TU TRUONG T8S. \'\gm'ﬁu Kim Quang
TOM TAT CONG THUC
1) Tir trudng sinh boi dién tich chuyén dong:
= _ Ho q‘_; X7 N T — -7 Planc of R
B = yr—— M, #= ~ Mo 47t x 107 (T.m/A) ruid A

2) Tu truong sinh boi dong dién:

dB = =2 =B

\0
A \ L= = :
Wo Idl x 7 - =0
4 12 dB
L

N
3) Tix trudmg sinh b&i N dong dién: B = Z B
4) Tir thong qua mat A: g = f_B) .dA (Wb =T.m?)

A

5) Pinh luat Gauss ddi vai tir truong: dp = f_B) “dA=0
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B";N U TS. Nguyén Kim Quang
TOM TAT CONG THUC

A . A 1a . . A Amperian /'/7 ‘\\ y

6) Dinh luat Ampere vé dong dién toan phan: loop ] e/
>4 i .
@iy .V ]

- o 7 5
LB = jB .dl = HOZ Ii (Tm) | @i,
- \\ _~" Direction of
C 1 """ integration

7) T Iyc trén dién tich chuyén dong:
F=qvxB
8) Tir lwc trén phan tir dong dién:

dF =I1d[ x B =1d3 x B

9) Tir luc tic dung lén dong dién:  F =

F=qvxB

1di x B

dong dién

dF =

dong dién

—d
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