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Dich tiéng anh chuyén nghanh khoa hoc

ty nhién va ki thuat.

Dich cac bar giang trong chuong trinh

hoc liéu méd cua hoc vién MIT, Yale.

Tim va dich tas héu phyc vy cho sinh
1€n lam semmer, luan van.

Tai sao moi thir deu mién

phi va chuyén nghiép 77?
Trao doi truc tuyén tai:
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Trudng Dién tu

® Ludng Hitu Tuin
B Tai liéu tham khdo :
® Trudng Pién tif - NN Anh & TTT My
® BT Trudng Dién tit - NN Anh & TTT My

© TS. Luong Hitu Tuin

Gitta hoc ky

Cau 1 : Vi€t (khong can din ra) mo hinh todn cda trudng dién tir ¢ng véi moi
trudng ding huéng. Néu y nghia clia 4 phuong trinh Maxwell.
Ciau 2 : Ning lugng trudng dién tinh tinh theo thé dién vad mat d dién tich. Nhan
x€t.
- Céu 3 : Trong mdi trudng ddng nhat ding hudng tuyén tinh c6 € = const, u =
E const, y=0 va khong ¢6 dién tich o do, tdn tai mot trudng dién tir bi€n thién
£ di€u hoa tin sd ® v4i vectd cudng do Eru’dng tir c6 dang :
H =cos(ax)cos(By)sin(ar)i,  (A/m)
1) Xac dinh vecto cudng dd trudng dién
2) Thiét 14p quan hé giita o va B.
Ciu4:Cap déng truc ban kinh 15i a, banh kinh vo b, chiéu daiL, gitra 16i va vo
©1a 16p cdch dién c6 d6 din dién y = k/r? véi k = const, r 12 ban kinh huéng truc.
Cho bi€t 16i c6 thé U va vé dugc ndi dat. Hiy xdc dinh :
1) Vecto cudng do trudng dién trong 16p cdch dién
2) Dong dién ro qua 16p cach dién
3) Bién trg cdch dién cla cdp

TS. Lwong H




Yéu cau

m Ly thuyét:
® 5ng thé : tinh lién tuc (16p + 6n tip)
® phin cd s§ : chit ché
® phin (tng dung : linh hoat
® Baitip:
® tong thé : thdi gian (ndm bit + luyén tap)
® BT cd bdn : chit ché
® BT ting dung : cong thiic cd ban
® BT tdng hgp : linh hoat
m Kién thic : gidi tich vecto

© TS. Luong Hitu Tuin

Trudng di€n to
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NG§i dung chinh

rotH =.7+% H, —H, =J,
rotE:—%—’f E —E, =0
g divD = p ,D, —D, =0
: divB =0 B, —B, =0
g
5: leJ = _aa_f 4 Jln - ‘]2n aact;
E — —
° D=¢E
B=uH
J =yE
Trudng di€n tir
® Chudng 1 : Khdi niém & phtrinh c¢d ban cia TPT
® Chuong 2 : TD tinh
® Chuong 3 : TDT diung
£ ® Chuong 4 : TPT bi€n thién
=
=
=
¢ ® Chuong 5 : Buc xa dién t
] ~ ~
=~ ® Chuong 6 : Ong dan séng & hop cong hudng
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/
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Chuong 1 : Khdi niém & pt cd bdn cia TDT

© TS. Luong Hitu Tuin

1. Gidi tich vecto

2. Khdi niém cd ban

3. Pai lugng déc trung

4. Dinh luit co ban cia trudng dién tir

5. Dong di€n dich - hé phuong trinh Maxwell
6. Piu kién bién

7. Nang lugng di€n tir - dinh 1y Poynting

© TS. Lwong Hitu Tun

1. Giai tich vectd

1.1. Hé toa d6
Xdc dinh vi tri & hudng trong khong gian
® Phin loai
B Toa d6 Descartes (D)
® Toa do tru (T)
® Toa dd cau (C)
® Y&u t6 vi phan
1.2. Toan ti
1.3. H¢ thic thudng gap




B Toa d6 Descartes (D)

h L
P(x,y,z)
§ X : hoanh do
E y : tung do
'En z : cao do
: 0 .
: % LT
b4 Y X0, ==L
9
® Toa do tru (T)
. J e
= i P(.9.2)
E L > r : bk huéng truc
5 \ | Ly ¢ : gbc phuong vi
3 0 . L
2 = Fi ;1.“ ir X i¢ = iz
) & r B Ly




® Toa d6 ciu (C)

© TS. Luong Hitu Tuin

P(1,0,0)
r : bk huéng tim
0 : goc léch truc

i xi, =1,

r
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1. Giai tich vectd

1.1. HE toa dd
® Phin loai

® Y¢&u td vi phan




® Y&u t§ vi phin (1)

© TS. Luong Hitu Tuin

o =

dl = dxi, +dyi, +dzi,

© TS. Lwong Hitu Tun

B Y&u t§ vi phin (2)

T T
%--”gmc_gz
7| A=

| £
0

P ]

dl = dri +rd@i, +dzi,




© TS. Luong Hitu Tuin

® Y&u t§ vi phin (3)

s
‘%
~raf
!
g Lti'{l'
x dd rainfdd

dl = dri_ +rd@i, + rsin Hd(z)z;

© TS. Lwong Hitu Tun

B Y&u t§ vi phin (4)

Tomlai:  df =dxi, +dyi, +dzi,
dl = dri_ +rd@i, +dzi,
dl = dri_ +rd@i,+ rsin 0d i,

Téng quat: | dl = hdu,i +hdu,i, + hdu,,
dS, = hhdu,du,,- -
dV = hh,h,du,du,du,
h1 h2 h3
D: 1 1 1
T: 1 r 1
C: 1 r rsin®

h, : hé s6 Larmor




Vidu

© TS. Luong Hitu Tuin

= if,.dE
tru DTy
27 h
1 -
q=| |—1i . .rdgdzi,
q=Ah

© TS. Lwong Hitu Tun

1. Giai tich vectd

1.1. Hé toa d6
1.2. Toan ti
B Gradient
B Divergence
B Rotation
B [Laplace

® Nabla




© TS. Luong Hitu Tuin

B Gradient

® Tinh chat : grad@ Ia vectd c6
- dd 16n = toc do ting cuc dai

- huéng 1a hudng ting cuc dai
oY nghia : Khuynh hudng ting cuc dai cia trudng vo huong.
® Pao ham c6 hudng : %—‘l” = grad ¢_Z[
® Biéu thifc :

© TS. Lwong Hitu Tun

_ 199> 1997 109~
gmd¢ = h_la_ulll +E7212 +E7 s
D grad¢)=—¢l— +8_(0;. a—¢z—
X dy ’ 4 19
® Divergence
® Y nghia :
M3t dé ngudn cia trudng vecto \ /

T e
\>

e Bidu thic : / \

20
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divd =—L_20e1A)

hyhyhy ou, !

divA?
- e e 1 d
D:A=A(x)i, = divA=-—(1.A)
1dx
- - .= 1d
T:A=A(r)i = divA=——:(r.A)
rdr

C:A=A(r)i = divA= izi(rZ.A)
r-dr

21
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B Rotation

® Y nghia :
Tinh chat xody ciia truong vecto

® Biéu thiic :

22
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B Vidu

C:A=rsin917¢

> 2 . e
ri, r°sin 191¢

i

= rot;l = 2L 2 2
E rrsin@|” % 5 % 5
£ 0O r°sin @
=

é“ —1—(2r”sin@cos 6 —-0)
z =1 = r(2rsin*6-0)

©

0
rotA = 2(cos 0i —sin 6i,)
23
B [ aplace
® V6 hudng :
A =div(grad )

& 1 0 hh, o

& Ap= [—( e Pyt

E hhh, ou, —h Ou

=

g

3 ® Vecto :

(=

@]

A= grad(divﬁ) — rot(rotﬁ)

24
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® Nabla (hinh thic)

_ d. d. OJ-
D:V=V=—i+—i +—i
ox 8)3 : aza 3
gradg :—golt +—¢’lﬂy +—¢; =Vo
! dy ° dz °
5 . JA, 0A, .
e divA=—"4+——+—S=VA
2 x dy 0z
En Lo i, ’t i
= AXB = Al A2 A3 DrotA—% % %EVXA
%
= B, B, B, A A A
W orad : vO hudng — vectd
B div: vectd — vO huéng
N rot : vectd — vectd
B [aplace: vO hudng — v0 huéng
vecto — vectd 25
® Tém lai
1097, 199~ 199~
grad¢ = h_a_l +Ea— +Ea—
“‘5 di A —_1 9y A)
= VA = hyhyhy [ duy +. ]
£
= - g g
%‘J h1l1 hzlz h3l3
g -
= rotA=——r/| 2% 2= =
. du, du, duty
g hlh2h3
WA A, hA,

26
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® Nhic lai

© TS. Lwong Hiru Tuén

dl = hdu,i + hdu,i, + hydu,i,
d'§1 = ihzhzduzdu3z""
dV = hh,hydu,du,du, C:

=)
—_— = = T
I B

_ 199~
grad¢ = h_la_ulll + ...

O | d(mhA)
leA - }11]72]13 [ aul + "']

— —

hlfl hi,  hi,

272

A — 92 9 -
rotA = u, du, Oty

hh,h,
BA WA, hA,
Ap =div(grad )
AA = grad(divA) — rot(rotA)

27
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1. Giai tich vectd

1.1. HE toa d6

1.2. Todn t&

1.3. H¢ thic thudng gap
® Dai s6 vectd
® Dinh ly tich phan
m H¢ thic khac

28
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® Pai sd vectd

© TS. Luong Hitu Tuin

A=Al + A, + A,
B=B,i +B,i, +Bi,

A(BxC)=C(AxB)=B(CxA)
4 (AxB)=AxL +4xp

29

© TS. Lwong Hitu Tun

® Pinh ly tich phin

® Pinh ly Divergence :
[divAdv = AdS | (Thong lugng)
Vv S

Qui udc : vecto phdp tuyén huéng ra

® Pinh ly Stokes :
I rotAdS = Cj) Adl (Luu s3)
C

S

Qui udc : qui tic van nit chai

30
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® HE thic khac

© TS. Luong Hitu Tuin

V(fg)=fVg+gVf
Vx(fA)=VfxA+ fVXA

V(fA) = fVA+AVf
V(AXB)=B(VxA)—A(VXB)
V(VxA) =div(rotA) =0
VX(Vf)=rot(gradf)=0

31
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Chuong 1 : Khdi niém & pt cd bdn cia TPT

1. Gidi tich vectd

2. Khdi niém cd ban
B Trudng di€n tu
® M6 hinh

32

16



B Trudng di€n tur

© TS. Luong Hitu Tuin

=2

/ _—_,? e

A

.fé?,__f__

A\}

® Trudng dién tir 1a mot dang vat chat
® Tinh tuong ddi
® Ung dung

33

© TS. Lwong Hitu Tun

® M6 hinh

M hinh vat 1y : hé twong tic TDT - Ch4t mang dién
t.tac d.tor
™PT CMb

M6 hinh toédn :
® h¢ phuong trinh Maxwell
® cic di¢u kién bién
® cic phuong trinh li€én hé
H¢ phuong trinh Maxwell 1a hé pt dao ham
riéng mo td diy dii cdc hién tuong
dién ar

Pham vi : hé lién tuc 34

17



Chuong 1 : Khdi niém & pt cd bdn cia TDT

1. Gidi tich vecto
2. Khdi niém cd ban
3. Pai lugng déc trung

t.tac d.tu
DT CMb

© TS. Luong Hitu Tuin

3.1.cho TDT
3.2. cho mdi trudng chat
3.3. cho tuong tac

35

3.1. Pai lugng dac trung cho TDT

Luc tudng tdc : F=gE+qvxB
B Vecto cudng do trudng dién : E (V/m)
B Vecto cam dng tir : B(T)

© TS. Lwong Hitu Tun

36
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3.2. Pai ludng dic trung cho chit mang dién

© TS. Luong Hitu Tuin

® Pién tich: q (C)
® MAit d6 dién tich :

® khéi : p=dg/dV (C/m3)
® mit : 6 =dg/dS (C/m?)
®dai : A=dgdl  (C/m)

dg = pdV +odS + Adl
B Vecto mat d6 dong dién: J(4/m’)
| 790 1 dq
I=| JdS=+%

37

© TS. Lwong Hitu Tun

3.3. Pai lugng déic trung cho tuong tac

® Phan cyc di€n trong di€n moi
® Phan cyc tif trong tir m6i

® Tiéu tdn cong suit trong vit din

38
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® Phin cyc di€n trong di€n moi

© TS. Luong Hitu Tuin

® Dinh nghia : D=¢gE+P
l:) : vectd cam ng dién (C/m?)
P: vectd phan cuc dién (C/m?)

& =107 : hiing s6 dién (F/m)
® Modi trudng dang huéng Z 0 0

—

P=gyE=¢)0 x ol|E

0 0

Z
D=¢,(+y)E=¢6E=| D=¢E
X, d6 cdm dién
£ 1 do thim dién tuong ddi

£: d0 thdm dién (F/m) — &(Exy.z)
® Mbi trudng ding huéng, tuyén tinh, ddng nhit : € = const

39

© TS. Lwong Hitu Tun

® Phan cyc tu trong tif moi

® Dinh nghia : [?]:ﬂLOE_M

vectd cuong do trudng tur (A/m)
: vectd phan cuc tur (A/m)
My =47.107" : hiing s8 tir (H/m)
® Mbi trudng ding huéng :
M=y H
X, >0, <0: thuln tit, nghich tir
B=u,(+x,)H = upu H=\| B=uH
Amt @0 cdm tir
M, : d@d thaim tir twong ddi
M dd thim tir (H/m)

® Mbi trudng ding huéng, tuyén tinh, ddng nhit : i = const
40
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® Tiéu tdn cOng suit trong vat din

© TS. Luong Hitu Tuin

® Mat do cOng suit tiéu tdn py: p, =J.EW/m®)
® Cong sult tiéu tdn P : P =] J.EdV (W)

® Dinh luat Ohm :

J=yE
y: d6 din dién (1/Qm)

41

© TS. Lwong Hitu Tun

® On tip

t.tac d.ur
TPT CMb
— D,H
E.B p,J

esll
+
ol
ol
[l
™M

~! oo

[l 1l

RS
by

4
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Chuong 1 : Khdi niém & pt cd bdn cia TDT

1. Gidi tich vectd

2. Khdi ni€ém cd ban

3. Pai lugng déc trung

4. Pinh luit co bdn cia TPT

© TS. Luong Hitu Tuin

4.3. Pinh ludt Gauss vé ti
4.4. Pinh luat Ampere

4.1. Pinh luat bdo toan dién tich
4.2. Pinh ludt Gauss vé dién

4.5. Pinh ludt cAm tng dién tir Faraday

43

4.1. Binh luat bdo toan dién tich

® Phit bi€u :

© TS. Lwong Hiru Tuan
-0
%‘. -
LY '
V& <

m K&t ludn :

® Din xuit : —
i=—dq/dt
o [ dividv ==| %av,vv
div] = —dp/ot | (ph.trinh lién tyc)

44
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4.2. Pinh luat Gauss vé dién

955 DdS = q (dang tich phan)

® Ph4t biéu :

® DAn xuit :

jv divDdV = jv pdV NV

divD = P | (dang vi phin)

© TS. Luong Hitu Tuin

B Nhin xét :
® Dudng stic dién 1a nhitng dudng hd
® Trudng dién c6 ngudn la cdc dién tich

45

4.3. Pinh luat Gauss vé tir

gSS BdS =0 (dang tich phan)

® Phit bi€u :

® DAn xudt : tuong ty \\
\ e Y \

divB=0 | (dangviphan)

® Nhin xét :

© TS. Lwong Hitu Tun

® Dudng stc tif 1a nhitng dudng kin
® Trudng tif khong c6 ngudn “tir tich”

46
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4.4. Dinh luat Ampere

CJ‘)C Hdl =1 (dang tich phan)

® Ph4t biéu :

I:I,.._ Il+1:3-

© TS. Luong Hitu Tuin

® DAn xuit :

L rotHdS = js JdS, VS

rotH =J | (dang vi phin)

47

4.5. Pinh luit cim @ng dién tir Faraday

(JSC Edl = —%L BdS 1 (dang tich phan)

E ‘x\i“.- I._ :il//f)
: s
En LIRTEY
3 ® Ph4t biéu :
g ® Din xudt: .

- oB

j rotEdS = - =—dS,vS
S ot
rotE = —aa— (dang vi phan)
t

48
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Chuong 1 : Khdi niém & pt cd bdn cia TDT

1. Gidi tich vectd

2. Khdi ni€ém cd ban

3. Pai lugng déac trung

4. Pinh luit co bidn cia TPT

5. Dong dién dich - hé phuong trinh Maxwell
5.1. Dong dién dich
5.2. Hé phuong trinh Maxwell

© TS. Luong Hitu Tuin

49

5.1. DOong di€n dich

® dinh ludt Ampere chi ding vdi dong dién khong d6i

;)"khf)ng ddi theo thdi gian : dong dién khong ddi
® khii quit héa dinh ludt Ampére bing dong dién dich
div(J +4)=0
div(rotH)=0 (gtvt)
Ta c6 thé d.nghia : | rotH = J +% (Ampere - Maxwell)

© TS. Lwong Hitu Tun

vecto md dong dién din
=39 . vectd md dong dién dich
=J +J,: vectd md dong dién toan phan

50
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5.2. Hé phuong trinh Maxwell (1)

B Péng gép cia Maxwell :
® sing tao ra dong di€n dich
® khdi qudt hda dinh ludt Faraday

;: ® H¢ phuong trinh Maxwell :

£

% rotH = J +al3/8t (1)

£ rotE =—0Bfor (Il
divD = p (1I)
divB =0 (IV)

51

5.2. H¢ phudng trinh Maxwell (2)

® Y nghia ca hé phuong trinh Maxwell :
® Y nghia chung :
+ sOng dién tur
+ li€n h€ chdt ché gitta Tb & TT
® Y nghia riéng :
+ phuong trinh I
+ phuong trinh II
+ phuong trinh III
+ phuong trinh IV
® Hé phuong trinh li€n hé :

© TS. Lwong Hitu Tun

D=gE+P _ D=cE
B =ty (H +M) B=puH
J=yE J=yE o

26



Chuong 1 : Khdi niém & pt cd bdn cia TDT

1. Gidi tich vectd
2. Kh4di niém cd ban

3. Pai lugng déac trung

4. Pinh luit co bidn cia TPT

5. Dong di€n dich - hé pt Maxwell
6. Piu kién bién

© TS. Luong Hitu Tuin

53

6. Pi€u kién bién (tu doc)

PKB xdc dinh rang budc gitta cdc dai lugng dic trung
trén mdt phan cach gitta 2 moi1 trudng khic nhau

Quiube: 7i:2 —1

E m DKB d6i v6i thanh phin phép tuyén

E‘J ﬁ(él—?2)=0' D,-D,, =0
3 ﬁ(§1_§2)20 Bln_BZn=0a
E: ﬁ(]l_.]z)=_aa_(tr Jln_JZn:_a_(t)-
@]

® DKB d6i v6i thanh phén ti€p tuyén

ﬁx([zll__l?z):js () H,-H, =J
nx(kE —-E,)=0 E,.-E, =0

54
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Chuong 1 : Khdi niém & pt cd bdn cia TDT

1. Gidi tich vectd

2. Khdi niém cd ban

3. Pai lugng déac trung

4. Pinh luit co bidn cia TPT

5. Dong di€n dich - hé pt Maxwell

6. Piu kién bién

7. Ndng lugng di€n tif - dinh 1y Poynting
7.1. PBinh 1y Poynting
7.2. Mat @6 nang lugng

© TS. Luong Hitu Tuin

55

7.1. Pinh ly Poynting

® Pinh nghia : vectd Poynting | p = Ex H (W/mz)
® Pinh 1y Poynting :
P, = —qSS ExHdS
Py=| EJav+| (E2+H%)dv
Py=| EJdV+4[ L(ED+HB)AV (hvit)

W=1%| (ED+HB)dV

© TS. Lwong Hitu Tun

P, =P, +<L | (dly Poynting)

® Dlbt&chnl : cong sud't dt giti vao V qua S kin dugc diing dé
— tiéu tdn cong suat dudi dang nhiét
— thay d6i ning lugng dién tir tich liy trong V

® K&t luan : 56
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7.2. Mat do ning lugng

® Ning lugng :

© TS. Lwong Hiru Tuan
| |
5
-t
o
.O)
=
¢
=
()]
=
Q
=
oQ

57

Tém tit chuong 1

1. Gidi tich vecto

2. Khdi niém cd ban

3. Pai lugng dédc trung

4. Pinh luit co bdn cia TDT

5. Dong di€n dich - hé phuong trinh Maxwell
6. Pi€u kién bién

7. Nang lugng di€n tir - dinh 1y Poynting

© TS. Lwong Hitu Tun

58
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NG§i dung chinh

rotH = J +2
rotE = —%

Z divD = p

% divB =0

g -

3 div] =—%

E —_ —

© D=¢E
B=uH
J=yE




Trudng di€n tuw

® Chuong 1 : Khdi niém & phtrinh c¢d ban cia TPT
® Chuong 2 : Trudng di€n tinh (TDt)

© TS. Luong Hitu Tuin

Chuong 2 : Trudng di€n tinh

1. Khdi ni€m chung

2. Tinh chat th€ cla trudng dién tinh

3. Phuong trinh Poisson-Laplace & DKB
4. Vit liéu trong TDt

5. Néng lugng truGng di€n

6. Luc dién

7. Phuong phép tinh TDt

© TS. Lwong Hitu Tun




1. Khdi ni€ém chung

© TS. Luong Hitu Tuin

® Pinh nghia TPT tinh : aizo,fzo
t

® MJ hinh todn :

A rotE =0,E, —E, =0
divD=p,D, -D, =0

rotH =0,H, —H, =0
(B) -
divB=0,B,-B,, =0

TP tinh (A): E#0,H =0
TT tinh B): E=0,H #0

= P=ExH =0 trong TDT tinh

Khong c6 sy lan truyén ning lugng dién tir

© TS. Lwong Hitu Tun

Chuong 2 : Trudng di€n tinh

1. Khdi ni€m chung

2. Tinh chat th€ cla trudng dién tinh
2.1. Cong ctia luc dién tinh
2.2. Thé v6 huéng
2.3.Vidu




2.1. Cong ctia lyc dién tinh

Cong tdung Ién dtich diém trén dudng cong kin ludn bing 0
qSC Fdl = <j‘>c gEdl =...=0

/B
&
=
5
=
% A
© - = - =
Fdl =| Fd
AaB AbB
Cong chi phu thudc diém dau & diém cudi ma khong phu
thudc dudng di
K&t luan : TD tinh 12 mot trudng thé
2.2. Th€ v huéng
Pinhnghia: .| E=—gradg
dg=---=gradpdl =—Edl
5 Q= —I Edl +C
5 Qui udc :
g ® hé hitu han ¢_=0
=
=~
)

B
Hiéu th dién: | @, — 9, = jEdz
A

Hé hitu han : @, = [ Edl
A




2.3.Vidu

B mot dién tich diém: C:E =

® hé dién tich diém:

~<§ = L

= v Zk: Arer,

g

z

£ mh¢ dién tich phan b

S 0= pdv dv
VA4reR

R 2 dq o
Tong quat: (1’:! AZER Vv J N

R: khodng cdch tir dq dé€n P

Chuong 2 : Trudng di€n tinh

1. Khdi ni€m chung

2. Tinh chat th€ cla trudng dién tinh

3. Phuong trinh Poisson-Laplace & DKB
3.1. Thi€t 1ap phuong trinh
3.2. Diéu kién bién d6i v6i ¢

© TS. Lwong Hitu Tun




3.1. Thi€t 14p phuong trinh

© TS. Luong Hitu Tuin

B modi trudng co € = const :
p=divD (IIl)
p=—div(egradp) (ptlh & dn thé)
p=—Ediv(gradp)=—-€A@p (gtvt)

Ap=—p/e | (Poisson)

® moi truong khong c¢6 dién tich tw do

Ap=0 (Laplace)

© TS. Lwong Hitu Tun

U S 5
el
I

& = const

E?2¢(x)?C?

. . |
—
Dung htd D nhu hinh vé
Do d6i xting : D = D(x)i.
Do 0=divl3=‘ff:>D:c0nst
o 0
ma U:j de:J. %dx:_%d:l):_g%
_.d . d
E=2;
0
p(x)= [ Edx=-Lx
1 I‘fo‘:ﬁ(ﬁl—ﬁz):i(o_DZ):_D:C:%

2 \\

S




On tap

B tinh :
i=o,f:0
ot

® th€ v6 huéng:
E=—gradg
rotE=0=1¢, = I:rEdf

© TS. Luong Hitu Tuin

0=
® tinh TDt :
divD=p=Ap=—p/e (ddng nhit)

3.2. Di€u kién bién ddi véi ¢

) )
¢:_En’ ¢:_E

on o '
m Diéu kién lién tuc cla @ : | =0,
<A N N Ne ]
§ W Diéu kién bién doi véi £ —el%hs‘z%za
= I A A Ao g O
£z " Diéukién bién ddi véi 57 : | =242 =
= .
z B Vidu:
=
'J. KA
g 4 li 1 e0=U
5 _
o _
. .| 2@=0
s 9,(8)=9,(8)
AN : o do| _ o dey| _
U ngA & dxA_O-




Chuong 2 : Trudng di€n tinh

1. Khdi ni€m chung
2. Tinh chit th€ cla trudng dién tinh
3. Phuong trinh Poisson-Laplace & DKB
4. Vit li€u trong TDt
4.1. Vatdan
4.1.1. Tinh chat
4.1.2. Man dién
4.1.3. Tu dién
4.2. Pién mo6i
4.3. Hé thdng vat dan

© TS. Luong Hitu Tuin

4.1.1. Tinh chat

® Trudng dién trong vat din

—

E=0 btrong VD  —=

® MAat do dién tich ty do trong vat din
p=--=0 btrong VD
® Th& dién trong vat din

@ =const  btrong VD

© TS. Lwong Hitu Tun

® Trudng dién trén mit vat dan

E=<n  trén mit VD




4.1.2. Man dién

=
£ - man dién
o0
:
=
z
© ® Man dién dugc ding d€ chin nhiéu clia trudng ngoai
® Trong thuc t&€ man dién dudc thay bing Iu6i kim loai
15
4.1.3. Ty dién
® Cim (fng dién toan phan
: ¢ DdS =4 (Gauss dién) / JLLS
Z = q,+q,=0 (1l &1c2) %\
%
£ ® Ty dién
%
o ® Dién dung

—‘ ==q5.U=0,— ¢,

Hé colap: C=

sIQ




Chuong 2 : Trudng di€n tinh

1. Khdi ni€m chung
2. Tinh chit th€ cla trudng dién tinh
3. Phuong trinh Poisson-Laplace & DKB

£ 4.Vatliéu trong TBt
£ 4.1.vadin
£ 4.2 Piénmoi
g 4.3. Phan bo dién tich va th€ dién cia HTVD
17
4.2. Bi€n moi trong Tt
® Dién tich lién két
)
g
[l
g
o B}
g p=div(e,E+P) | p+p, =div(§E)
Yt
= p, =—divP




On tap

® mo hinh thé :

Ap=-p/e
99 99,

_ 99, 99, __ —
D=0, —€ 5 tEGF=0,57 =57
® vitdin:

EzO,sz,(pzconst,E:%ﬁ

© TS. Luong Hitu Tuin

C =q/U]|

® dién moi :
Py = —divP
O-lk = _Pln + P2n

4.3. Phan bd d.tich & th€ dién clia htvd (tu doc)

trangthdil: ¢,,--.q,,¢,... @,

trang thdi2: ¢sen . @sen @,
® Pinh Iy tuong hd :  ¢,@, +...+q,0, = ¢, +...+q,9,
m Hé s6 thé : ¢, =B,q,+..+ B4,

mHé sd diéendung: ¢, =A.0 +..+A,0,

© TS. Lwong Hitu Tun

® Pién dung bd phan: ¢, =Cuy, +...+Cpuyo +...+Cuy,

20
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Chuong 2 : Trudng di€n tinh

1. Khdi ni€m chung
2. Tinh chit th€ cla trudng dién tinh
3. Phuong trinh Poisson-Laplace & DKB

gSS @DdS =0
955. @DdS = —J‘S podS

W. =3[, ppdv +4[ opas

&
i 4. Vit li€u trong TDt
= 5. Ning lugng trudng dién
g ~ . A
3 5.1. theo vtd cdd TP & vtd c.itng dién
E - —
© W =1 jvm EDdV = %va eE*dV
5.2. theo th€ dién & mat dd dién tich
5.3. clia hé thong vat din
21
5.2. tinh theo th€ dién & mat dd dién tich
W, = %J.VN EDdV = —%J.VN grade.DdV
/’ ;"'
S J; / ;
£ // f/, z
ﬁ /' /f"( / f /
= / '/ /5 (9N
g f
E )
g W, = ——(_f) (oDdS +3 J. @pdV  (Divergence & III)

22
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5.3. ciia hé thong vat din

mHeénvatdin:p=0

W, :%J.V pPedV +%J.S opdS = %J‘S opdS

© TS. Luong Hitu Tuin

VVe :%%% +"'+%¢nQn

2

Bn=1:qg=Cop=>W, =1pg=1C¢p’*=5¢q
B n =2 (cdm ¢ng dién toan phan) : tu

W, =4CU = 40"

23

© TS. Lwong Hitu Tun

Chuong 2 : Trudng di€n tinh

1. Khdi ni€m chung
2. Tinh chit th€ cla trudng dién tinh
3. Phuong trinh Poisson-Laplace & DKB
4. Vat liéu trong Tbt
5. Néang lugng trudng di€n
6. Luc dién
6.1. Luc Coulomb
6.2. tinh theo bi€u thifc ning luong

24
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6.1. Lyc Coulomb

® dién tich diém

F=qFE
&
g m dién tich phan b
z o
E F= j Edq
=
z
)
25
6.2. Luc tinh theo bi€u thic ning lugng (1)
®m Hé n vatdan
® Phuong phap dich chuyén 4o
= Cong do ngudn cung cap : dA,, = ;(pkqu
g -
2 Pl. btoan & chhéa nlugng : ... dA, =dA,, +dW,
=
£ .
= Zgokqu = FdX +dW, | (ptcin bing dong)
=~ k=1
o

F : Iyc suy rong (Iwc, momen, 4p suit, ...)
X :toa d6 suy rong  (cdai, gbc, thé tich, ...)

26
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On tap

® ning lugng :

W, :%jvw eE*dV :%.[V podV +%J.S N =%;¢qu

§ ® Jyc:
£ F=gE
g n
= > ¢dg, = FdX +dW, (htvd, dich chuyén 4o)
z k=1
o
27
6.2. Luc tinh theo bi€u thic ning lugng (2)
> @.dq, = FdX +dW,
k=1
B Cic truong hgp dac biét :
= ® Qud trinh ding th€ .. FdX =dW,=1dA,, (ptcbd)
=]
=
oW,
é F = (% @=const
g L
3 Nhén xét :
g ® Qud trinh dingtich ... FdX =—dW, (ptcbd)

aw,
F__( 90X 7/ q=const

Nhin xét :

® Nhan xét chung
28




6.2. Luc tinh theo biéu thitc ndng lugng (3)

© TS. Luong Hitu Tuin

B Vidu (3.54)

U S Td
O\ i
\‘\ \\ |

. ]l-'o

1. ding thé€ (gy)

dich chuyén do: W, =1CU; =1¢,3U;

F = aw, _ _ &SUj
17 ax | _, 24°
x=d

2. ddng tich (g)
dich chuyéndo: ¢=CU,=¢,5U,

1 2 _ 2 52 2
W—fq XE—UO

e T 268 €0 42
F —_ aw, __ £8Us
2 dx =d 2ed?

29

© TS. Lwong Hitu Tun

Chuong 2 : Trudng di€n tinh

3. Phuong trinh Poisson-Laplace & DKB
4. Vit liéu trong Tbt
5. Nédng lugng truGng di€n
6. Luc dién
7. Phuong phép tinh Tbt
7.1. Tdng quan
7.2. Phuong phap x&p chong
7.3. Phuong phéap dung dinh luat Gauss vé dién
7.4. Phuong phap anh dién
7.5. Phuong phép gidi truc ti€p phuong trinh thé

30

15



7.1. T6ng quan

B phuong phap x&p chong
® phuong phép diing dinh luat Gauss vé dién
® phuong phap anh dién

€ m phuong phdp gidi truc ti€p phuong trinh Poisson
% ® phuong phdp bi€n hinh bdo gidc
g ® phuong phép ludi dudng sifc dién - mit ding thé
& ® phuong phdp s6
31
7.2. Phuong phdp x&p chong (1)
Byidul
%\2’_
. \
s -\"'-\_F'\ -
5 e LA P:p?E?
= REFden k
£ Q U L ,>
§ [
2
©
Adl A 0
P)= = oga=— %
#(P) C4rmeR  4meR a Amea® + 72

N . = - d@* QZ -
Do d6ixing : E=FEi =———i_= I,
' Az~ Aze(d®+7%)

32
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7.2. Phuong phdp x&p chong (2)

B vyidu?2
’ R o —r)
dzert  Amer” Azer?
z P r"—r"=MN = scos@
3 __ Qscos@
¢_ Axer?
o~ Os - . e
E= pp— (2cos @i +sinbiy)

© TS. Luong Hitu Tuin

33

7.2. Phuong phap x&p chdng (3)

© TS. Lwong Hitu Tun

e iy 34

17



7.3. Phuong ph4p dung d.luit Gauss vé dién

© TS. Luong Hitu Tuin

® Téng quan

® Vi du vé ddi xitng ciu

® Vi du vé ddi xitng tru

35

© TS. Lwong Hitu Tun

® T8ng quan

4)8 DdS =q

® Pham vi st dung : d6i xdng ciu, tru hodc phiang

S:D ||d§,D=c0nst

m K&t qua :
® ddi xing cau
® {6i xitng tru

® d5i xing phing

oo D
s Az
Ve 45 \/"'
I’ \\
\ 2@ |

\ Joo
\ AN
N A -pd
\\‘\“ -/’/ ! ;L
S

S, : 5||d§,D=const

T
v EE’ 1
45 i T

o | 3. :

S,:D LdS

S;:DLdS Sy :D||dS,D = const
DS=q | S=4m?
DS,=q | S,=2mrL
D'Sd‘:q* Sd= Sdl + Sdz= 2SO 36

18



© TS. Luong Hitu Tuin

® Vi du vé ddi xitng cau

p, = const,@?
C : do d6i xing E = E(r).Q
D.S =q (d6i xdng ciu)

® mién ngoii (r>a):

2 _ 4 3
EE4nr” = pyi7a
- 3

— Poa” =
El T 3er? lr

¢, =| Edi=| Edr=2%

3er

® mién trong (r<a):

eEAnr’ = p,txr’

_ LT
EZ_%Zr
00 a =)
¢, =| Edi=| Edr+| Edr
r r a
_P()az_l’L’”2

®, =% 6e 3

© TS. Lwong Hitu Tun

® Vi du vé d6i xitng tru

g B D.S, = ¢ (ddi xting try)
\ EE2nrL=A.L

T : do d6i xing E = E(r).Q

r

N2 1 /' /1

v r - -
\i ) ) E= L,
L LN T 27Er

IN —_4 A
® truc mang dién : ¢=7=In2

® 2 truc mang dién = A (gdc th€ & mit trung truc) :

y oL A 7
Fr TS oo | @p=——In—
4 i . 2WE r

38
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7.4. Phuong phap 4nh dién

© TS. Luong Hitu Tuin

® Nguyén tic
® Phin c4dch phing dién moi - vat din
® Phan cidch cau dién modi - vat din

® Phin cdch phing dién méi - dién moi

39

© TS. Lwong Hitu Tun

® Nguyén tic

® Loai trif 4nh hudng clia dién tich cdm ng, dién tich lién két
® Nguyén tic :

® Budc 1 : ddng nhat toan by khong gian

® Budc 2 : duy tri diéu kién bién

Pinh Iy duy nha't nghiém : nghiém khong thay ddi

40
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® Phin c4ch phing dién moi - vt din (1)

1% e

2 { |

2 R qo + 9
e \ ‘l

- ) ~

z vl P

re
© Cf:@ (-f'-_‘ O
41
® Phan cdch phing dién mdi - vit din (2)

=

=

2

:

(=

@]

4

21



® Phin cdch cau dién méi - vat din (1)

© TS. Lwong Hiru Tuén

Q0 7 _\/D2+a2+2Dacost9

Q' b*+a* +2bacos @
D’ +a’ _ b*+a’
Da ba
a’ QOa
b:—, ==
D Q D

Vo

43

© TS. Luong Hiru Tuin
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® Phan c4ch phing dién moi - dién méi (1)

‘\éqi

o [Pu=Dy=0=0 \ £, \
W Elt_E2t:O nlk ”

— __4 o il 3
D, =—_=sina+_5.sina D2n
___q _
El’ T et -C0S 4mert” E2f - 47r£2r2 -cosx
_&4-5 _ 25
(1) = . 9, = £+&, 9.9, = £§+& q 45

© TS. Lwong Hitu Tun

® Phin c4ch phing dién méi - dién méi (2)

46
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7.5. Phuong phép gidi truc ti€p phtrinh th€ (1)

® Thé 13 hAm mot bién
® Thé 12 ham da bién : phuong phdp phan ly bi€n s&

® Budc 1 : tach bi€n

=
E
E ® Budc 2 : tdch phuong trinh
=
éﬁ ® Budc 3 : tinh c4c thong s6 dua vao PKB & t.chit b.todn
=)
2
o
47
7.5. Phuong phép gidi tryc ti€p phtrinh thé€ (2)
® T4ch bién :
0= 0(r.9) = R(r) B(9) &»
® T4ch phuong trinh : e N
5 0=Ap=12(r)+ 28—’” %Q
5 Nhan cho r?/R® :
: 0=5 ()4 b2
2 Fard=n’ R=Mr+%
© Ll _ 2 .
T N ® = Acosng + Bsin ng

® Tinh chit clia bai todn

o(r,9) =(r,—9) {B =0 @, =(M,r+-)cos ¢
= =
o(r,x%)=0 n=1 @, =(M,r+%)cos ¢

48




7.5. Phuong phép gidi truc ti€p phtrinh th€ (3)

o, :(M1r+%)cos¢
o, :(M2r+%)cos¢

&~

SR

S

" Dkb 0)=0 N, =0
Ar=0=0 & E
E,(r >o)=FE, M,=-E,

=

E

g

¥ ¢(a,0)=9,(a,p) M, =-%E,

.3 99, — 99, = £-¢& i

g.i ngr:a_gz or | _ N2:£1+£2Ea

© |

quﬁ o= szfi: E rcos¢——€2f22 Eyx

0, =(- 1+i+§2 ”Z)E rcos @
E‘1=%EOZC {EZF_(1+S+? aZ)E COS¢
E,=E,i + 2¢l7¢ e aZ)E sing 4

9

7.5. Phuong phdp gidi tryc

ti€p phtrinh th€ (4)

© TS. Lwong Hitu Tun
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T6ém tit chudng 2

1. Khdi ni€ém chung

2. Tinh ch4t th€ cla trudng dién tinh

3. Phuong trinh Poisson-Laplace & DKB
4. Vit li€u trong TD tinh

5. Ning lugng trudng di€n

6. Luc dién

7. Phuong phép tinh TD tinh

© TS. Luong Hitu Tuin

51

26



Trudng di€n tuw

® Chudng 1 : Khdi niém & phtrinh c¢d ban ciia TDT
® Chuong 2 : Trudng di€n tinh
® Chuong 3 : TDT dirng

© TS. Luong Hitu Tuin

Chuong 3 : Trudng di€n tit ding

1. Khai niém

2. Trudng di€n ding

3. TruGng tit dirng

4. Trudng tit dirng cla truc mang dong
5.Hd cidm

6. Nang lugng trudng tu

7. Lyc tw

8. Mot sd vi du

© TS. Lwong Hitu Tun




1. Khai ni€ém

© TS. Luong Hitu Tuin

® Dinhnghia: 9/dr=0
® TPT ctia dong dién khong doi

TD dung TT dung
rotE =0 rotH = J
divD = p divB=0
Elt_EZt:O le_sz:Js
Dln_D2nzo- Bln_BZn:O
D=¢E B=uH

div] =0
Jln - J2n = 0
J=yE

© TS. Lwong Hitu Tun

Chuong 3 : Trudng di€n tit ding

1. Khai niém
2. Trudng di€n ding
2.1. Tinh chat & dinh lut co bdn cia mach
® Tinh chat
® Dinh ludt cd ban cia mach
2.2. Su tuong ty gitta Tbd & Tbt
2.3. Pién trd cach dién




® Tinh chat

® TDd 12 mot trudng thé : rotE =0

® Trudng clia ngudn ngoai

J=y(E+E,)

® vitdindoéngnhit: ... p=0

® vitdin gan nhu ding thé

f.Az i\ e
L.

© TS. Luong Hitu Tuin

F

E

-

b\
En

E, >E,

iy

| e— =

= \xh_éj/

Y

On tap

C2: - pp anh dién
+ phan cdch phing € — y: d6i xting, -q
+phan cich cAue—y: b=a’/D,Q'=Qa/D

2¢,

A 2 2 _ &-¢& —
+phancichphange, — & : ¢, =259-9 = 7554

C3: - tdng quan :
+ TDT ctia dong dién khong d6i
+ TP dimng : divi =0
-Thd:

+ tinh chi' : th&, ngudn, p # 0, ¢ = const

© TS. Lwong Hitu Tun




® Pinh luit cd ban cia mach

® Dinh luit Kirchhoff 1 :

div] =0 ¢, JdS =0
1 =0
® Dinh luit Kirchhoff 2 :
rotE =0 ¢_Edl =0
~ U, =0

© TS. Luong Hitu Tuin

® Dinh luAt Ohm: E+E =17

. U+E =RI

Chuong 3 : Trudng di€n tu ding

1. Khai niém

2. Trudng di€n ding
2.1. Tinh chat & dinh lut co bdn cia mach
2.2. Su tuong ty gitta Tbd & Tbt
2.3. bién trd cach dién

© TS. Lwong Hitu Tun




2.2. Sy tuong tu gitta TP dirng & TD tinh

® Mién khong chita dién tich

® Tuong tu vé phuong trinh
TP tinh : rotE =0,E = —grad @, q 9513 dS,D
TP ditng : rotE =0,E =—grade,1 qu das,J

E,¢,q,l§,8,C,...
E,0.1,]1,7.G

® Nhan xét :
® dung k&t qua, phuong phdp cia TDt cho Thd
® dung md hinh cia TPd cho Tbt
BVidu: C=28=G6=0=1
Cle=Gly

© TS. Luong Hitu Tuin

E divD =0...
E div] =0...

2.3. Dién trd c4ach dién

® Piéntr§ cichdién: R.,=U/1
® Diéndinro : G=1I/R,
® Vidu:

© TS. Lwong Hitu Tun

® Thyc t€ : y# 0 = dién 4p U sinh ra dong ro I




On tap GHK

® Phan Iy thuyé&t

® Phin bai tip : bd
®phin bd q va ¢ clia hé thdng vat din
® phuong phdp phan ly bi€n s6

® Khic ...

© TS. Luong Hitu Tuin

Phan 1y thuyé&t (bdt budc)

mCl:
® dinh luit cd ban
® dong dién dich
® h¢ phuong trinh Maxwell
® dinh 1y Poynting - ndng lugng dién tur
® mo hinh todn
mC2:
® tinh chat th&
® phudng trinh Poisson - Laplace & 3 PKB
® tinh chat clia vat din trong TPt
® Ning lugng di€n tur :
— theo thé
— ctia hé thong vat din
® Jyc : theo bi€u thitc ning lugng "

© TS. Lwong Hitu Tun




Khac ...

mCl:
® oidi tich vectd
®TDT ? mo hinh ?

Ap =div(gradp)

-§ ® thong sd chinh :
= - - — - -
z +E,B,J,p;D.H
g + 3 phuong trinh lién hé
3 ® DKB : chi€u, 71
o mC2:
® dién dung
® dién tich lién két
® Juc Coulomb
BC3:twongty (e<>y, qe )
13
Cong thuc ...
dl = hdui, +... hy  h,
- - D: 1 1 1
dS, =thhdu,du,i,,- T 1 . 1
£ dV = hh,hdu,du,du, C: 1 r rsin®
= 0 =
5 grad(z):h%a—;/;ll#..
e O | (s A)
§ divA = hl}%[ E” +...]
g}: hlil
© -
rotA=——| ==
lh2h3 I
hlAl




COng thic ...

AB=AB +..
Wohog
_ AxB=|A A, A,
i B, B, B,
F j divAdV = <j‘>AdS
=
ol
g j rotAdS = qSAdl
S
V(AxB)=B(VxA)— A(VXB)
rot(grad@) =0
15
Cong thuc ...
rotH=J+% H -H, =J,
rotE=-%  E -F, = b=ek
;: dzvﬁzp ,D, —-D, =0 l?=,u{i
'En dZVBZO ’Bln_BZnZO J:7
E
3: dlv‘] = _%_/t’ "]ln _‘]2n a&)(t)-
o

W =1 (B.H+E.D)dv

D_ '~ I _ aw
P—EXH,PS _PJ+7’We’wm




COng thic ...

© TS. Luong Hitu Tuin

dg

E= —grade,p, = .[Ag[ Edi,¢: J. 17eR

_ . _ 99, 99, __ _
Ap=-p/e;p, =, —&F+€,F=0,-H+F2=0

E=O,p=0,(p=c0nst,E=%ﬁ
C=|q/U|
p, =—divP,6,=—PF, +P, ,P=(e-¢&)E

W,=1f, eE*dv =4[ ppdv+i[ opds =204

quE

=

@.dg, = FdX +dW,,F =+ 2%

k=1

© TS. Lwong Hitu Tun

Cong thuc ...

Gauss vé dién :
DS=q S=4nr
DS =q S,=2mL
D.S,;=q" S;=Sg4 +Ss=2S,
Anh dién
+ phan cich phing € — v : d6i xting, -q
+phéncdchcdue-vy: b=a*/D,0'=Qa/D

& 2¢,

+phan cich phing e, —&,: ¢, =729, =514

divi =0 2
Tinh chat : th€, ngudn, p # 0, @ = const
Tuong tw (<> 7Y, q<> ]

R =1/G={




Chuong 3 : Trudng di€n tu dung

1. Khi niém
2. TruGng di€n dung
3. Trudng tu dirng
3.1. Khai ni€ém
3.2. Khéo s4t TTd bing thé vecto
3.3. Phuong trinh & PKB doi véi thé vecto
3.4. Tir thong tinh theo thé vecto
3.5. Binh luit Biot-Savart

© TS. Luong Hitu Tuin

3.1. Khdi ni€ém

m TT dirng 1 TT ctia dong dién khong ddi : rotH =J

J#0: X04y
sz:ﬁz—grad(pm E=—grad¢
5 Ap, =0 Ap=0
é P = Pon =9,
g ﬂl%_ﬂz a‘é’im =0 ‘91%_5288%:0
; M 2020 P-=0
©

® quong ty gitta TTd cua mién khong dong & TBt
ctia mi€n khong dién tich tu do

TP tinh: | E,p,¢,D,...
TT ding :| H,9,,4,B,...

20
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3.2. Khdo s4t TT dirng bing th€ vecto

© TS. Luong Hitu Tuin

B Tyu
divB =0 (IV)
div(rot;\) =0 (gnr)

Ta c6 thé dinh nghia :

E‘ = rotA

m Thé vectd c6 tinh da tri
m diéu kién phu d€ don gidn héa phuong trinh

21

© TS. Lwong Hitu Tun

3.3. Phuong trinh & PKB ddi véi thé vecto

® Thi€t 14p phuong trinh (u = const) :
J =rotH )

AA=—uJ | (ptrinh Poisson)

® Nghiém cla phuong trinh ... | A=4[ Ldv
® Y&u t§ dong Jav
Dong dién day Jjav = JSdl = 1dl

L
A=f 1
=dA=%dl

dal 1\;

m Di¢ukiénbién: divAi=0=A_-A, =0

22

11



3.4. Tit thong tinh theo th€ vecto

© TS. Luong Hitu Tuin

P

m

Il
G —

N

o
Il
Ao

BdS = j rotAdS

Adl | (Stokes)

23

© TS. Lwong Hitu Tun

3.5. Pinh luat Biot-Savart

Idl

B =rotA = rot(ﬁ —) =

dme r

ar

4 1f ror®Ly ()
/4 C r

rot(ﬂ) = l rot(df )+ grad (l) xdl = —Lsxdf
r r r r

24
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Chuong 3 : Trudng di€n tu dung

1. Khai niém
2. TruGng di€n dung
3. Trudng tit dirng

© TS. Luong Hitu Tuin

4. Trudng tit dirng clia truc mang dong
4.1. Phuong trinh & diéu kién bién
4.2. Sy tuong ty gitra TTd & TDt

25

4.1. Phuong trinh & di€u kién bién

AM=-uj=| M=-uJ
=
Z W Nghiém: A=4] 4
£ = Pidu kién bién :
g e g g —
2 i, i, | |n
2 B oid—|l2 2 2|_|2
g B =rot. il P el Py
0 0 Al |0
A-A=0 (Bvatly)
%_%_0 (Bln_BZn:O)
—LB Loy | (H—Hy =)

® Phuong trinh : truc mang dong song song véi truc z
J=J(x, )i, = A= A(x, y)i. ’

26
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4.2. Sy tuong tu gitta TT diung & TD tinh

B tuong tu :

TTd : AA=—pJ A=A, —L 5+ Lo =] S
TDt: Ap=-£.0=0,.—6 G +e, 5 =00 = ..
truc mang dién : @, P& 4,C, ..
truc mang dong : AT Lt
B vidu:
® truc mang dién A : p=-2In<
truc mang dong I : A=£1n¢

© TS. Luong Hitu Tuin

® 2 truc mang dién A : ¢=55In%
2trucmangdong +1: A=%nz

0
[ 1A _ ¢ _ 2¢
Anh dlen ﬂl - s:+ez /1’22 - s]+; ﬂ’
. _ 2y
L= i L1, = Hy+py I 27

Chuong 3 : Trudng di€n tit ding

1. Khai niém

2. Trudng di€n ding

3. Trudng tit dirng

4. Trudng tit dirng clia truc mang dong

© TS. Lwong Hitu Tun

5.Hb cdm
5.1. Binh nghia
5.2.Vidu

28




5.1. Pinh nghia

~a

- —
=
= @ Quiudc: e,

: AN
; vongi dong]

o ® Biéu thic :

{q)l =®,+o,=L,1,+L,I,=L1+MI,
P, =9, +P,,=L,1,+L,I, =Ml + LI,
mHS cdm:  L,=®,/1, (i#))
® Piéncdm: L =L ,=,/]
29
5.2. Vidu (1)
B Pién cdm ri€éng L, ctia 2 truc mang dong +I :

5

=

£

z

£

=

=

wn

Il

o)

30
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5.2. Vidu (2)

® HJ cdm riéng cda 2 hé truc mang dong song song :

=
E
=
o0
g
=
w
F
@]
- I 1. diy
A2 :Z—ﬂ,lnm
@, =52 In g2 = M, = In g2 )
On tp
J =0:¢,
J: B=roiA,divA=0,AA=-uJ  (ddng nhat)
«5 ;{:ﬁ ﬂ
e Az r
E ®, = BdS = Adl
£ oy davsE
3 B=AL{ VX7 (48ng nhi)
z Az r
©

Truc mang dong : @, A, €, p,... < Al T

biéncdm: L, =&, /I, (i: vong, j: dong)

32




Chuong 3 : Trudng di€n tu dung

1. Khdi ni€ém
2. TruGng di€n dung
3. TruGng tir dirng
4. Trudng tir dirng cia truc mang dién
5.Hd cdm
6. Ning lugng trudng tu
6.1. tinh theo vecto cdm Ung tir & vectd cd6 TT

© TS. Luong Hitu Tuin

W, =1 va BHAV =1 va LHdV | (J)

6.2. tinh theo th€ vectd & vectd mdo dong dién
6.3. NLTT cta hé dong dién day

33

6.2. tinh theo th& vectd & vectd mdd dong dién

Gia st khong c6 dong dién mat

:—jBHdV

5 W, ——SBAXFI das + %J. dV  (Divergence & I)

rg M V

= . - .

= $ AxH.dS =

=] Se

-

(= 1e--

° W, =—[AJdv | (J)
2y

Nhin xét

34
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6.3. NLTT ctia hé dong dién diy

® hé ndongdiénday:I,...,I1, P, ..,
1

P

n

Tpaar Inra o e
W =§V{ A.JdeEZIA.JdV ==Y ¢ ALd

2

k=1 V.

1 n
W, ==>1® | ()
245

S W, L=l
2 2

L=®/I=2wW, /I
L ,=2w, /[I’.L =2W, [I’

mtr

© TS. Luong Hitu Tuin
|
=
1]
[

Epn=2:w

m

L
2
L
2

LI}+ILI;+MII,

-

Wm

k=1 C,

[ @ +31L,P, =11 (L1, +MIL)+11,(MI, +L,1,)

35

Chuong 3 : Trudng di€n tit ding

1. Khai niém
2. Trudng di€n ding
3. Trudng tit dirng
4. Trudng tit dirng cia truc mang dién
5.Hd cdm
6. Néng lugng truGng tur
7. Luc tw
7.1. Luc Lorentz
7.2. tinh theo biéu thic ning lugng

© TS. Lwong Hitu Tun

36
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7.1. Luc Lorentz

m dién tich di€m : F=qVxB
m y&u t6 dong dién ddy:  dF = Idl x B
F= Ildfxl?

© TS. Luong Hitu Tuin

37

7.2. tinh theo biéu thitc ning ludng (1)

® H¢ ndong diénday: I, ..., 1, Py, ..., P,
® Phuong phap dich chuyén 4o
Cong do ngudn ‘thuc su” cung cAp dA,: ..dA, = ZIdeIDk
k=1

Dludt btoan & ch.héa nlugng ... dA,, =dA,, +dW,

> 1,d®, = FdX +dW, | (ptcan bing dong)

k=1

© TS. Lwong Hitu Tun

F : Iyc suy rong (Iwc, momen, 4p suit, ...)
X :toa d6 suy rong  (cdai, gbc, thé tich, ...)

38
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7.2. tinh theo bi€u thic ning lugng (2)

© TS. Luong Hitu Tuin

> 1,d®, = FdX +dW,

k=1

B Cic truong hgp dic biét :

® Qud trinh dingdong ... FdX =dW, =1dA,, (ptcbd)

oW,
F= ( X )I:const

Nhin xét :
® Qua trinh ding tif thong ... FdX =-dW, (ptcbd)

a“//n
F = _(W)<D:const

Nhin xét :

® Nhan xét chung

39

© TS. Lwong Hitu Tun

7.2. tinh theo biéu thitc ning ludng (3)

Cho biét trudng tir khong ddi va chi ton tai bén trong cday

Qud trinh ddng dong :

W :%'UOHcfS(la —D+5u,(H, +Hh)ZSl+%lu0HhZS(lb -

r :%:ﬂoHaHbS

I

40
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Chuong 3 : Trudng di€n tu dung

1. Khdi ni€ém
2. Trudng di€n dung
3. Trudng tu dirng
4. Trudng tir dirng ctia truc mang dién
5.Hb cdm
6. Ndng lugng truGng tir
7. Luc tu
8. Mot s6 vi du
8.1. Phuong phap x&p chong
8.2. Phuong phdp dung dinh ludt Ampere

© TS. Luong Hitu Tuin

41

8.1. Phuong phdp x&p chong

C

£
g
< Do d6i xiing : B = B(2)7,
§ B :,u_I(ﬁ dl xR
2 3
2 4z 7. R
@]

I ¢ R 1
:>B:<I>dB.cosa':'u—¢ Cfl.cosa—’ug 2
y ar i R 2R

C
2

Ula

—
(2 +a?)?

W cichkhic: di =dli,,R=—ai +7z

B= (T)

4

21



8.2. Phuong phdp dung dinh ludt Ampere (1)

TZ
AT
/-j‘r"""' ) _‘ﬁ\\

.<§ o b _H-‘r
z £ -
g \'M‘"‘*m_,—__ —#_'_f';g"
%ﬂ di
=}
3 |
g m d3ixing tru: H = H(r)z;

Hlldl
H = const

§Cﬁdi —I"=>H2mw=1I

43

8.2. Phuong phdp dung dinh ludt Ampere (2)

5 N
2 NN
£ ! R )
% Chon htd T nhu hinh vé&, do dx : H =H ()i,
§ Ap dung dl Ampere.
¢ miénl (r>a): H27wr=1
@]

_ I -

M=

mién 2 (r<a): H,27r= 12 zr

2 l¢ 44
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T6ém tit chuong 3

1. Khdi ni€ém
2. Trudng di€n ding
3. Trudng tu dirng

5 4. Trudng tir dirng ciia truc mang dong
% 5.Hb cdm

% 6. Ndng lugng truGng tir

£ 7. Lycti

8. Mot s6 vi du

45
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Trudng di€n tuw

® Chuong 1 : Khdi niém & phtrinh c¢d ban cia TPT
® Chuong 2 : Trudng dién tinh

® Chuong 3 : TDT durng

® Chuong 4 : TDT bién thién

© TS. Luong Hitu Tuin

Chuong 4 : Trudng dié€n ti bi€n thién

1. Khdi ni€m chung

2. Thiét 1ap phuong trinh d’ Alembert

3. Trudng dién tir bi€n thién di€u hoa

4, S6ng dién tir phing don sic

5. Sdtpds truyén trong dién moi 1y tudng
6. Sdtpds truyén trong vat din tot

7. Phdn xa & khic xa cida sdtpds

© TS. Lwong Hitu Tun




Chuong 4 : Trudng dién tir bi€n thién

1. Khdi ni€m chung
1.1. Trudng dién tir bi€n thién
1.2. Pinh nghia th&

&
=
=
=
en
5
-
w
=
©
1.1. Trudng dién tit bi€n thién
® dinh nghia : thay ddi theo khong gian & thdi gian
rotH=J+2 H —H, =J,
rotE=—-%FE —E, =0
= —
2 divD =p,D, —D, =0
5 divB=0,B, —B,, =0
§ divj:_%_f"lln_JZn :_%_?
2 .
© D=¢cFE
B=uH
J=7
® tinh chAt séng : V= 1/«/,118

® dong cong sudtdiéntir: P=ExH




1.2. Pinh nghia th&

mthé vectd: | divB=0 (IV)
div(rotA) =0 (gtvt)
B =rotA
® thé vo huéng & vecto :
rotE =—2 = —%rot;l =—rot2 (Il & hvtt)
rot(E +%—f‘) =0
rot(gradp)=0 (gtt)

© TS. Luong Hitu Tuin

E+% =—grad@

B t6m lai: B = rotA

® don gidn héa phuong trinh bing cic diéu kién phu

Chuong 4 : Trudng dié€n ti bi€n thién

1. Khdi ni€m chung
2. Thiét 1ap phuong trinh d’ Alembert
€ = const & U = const
2.1. Phudng trinh d’ Alembert
® phuong trinh d’ Alembert ddi véi A
® phuong trinh d’ Alembert ddi véi @

© TS. Lwong Hitu Tun

B t6m lai
2.2. Th€ chAm
2.3. Phuong trinh song




® Phuong trinh d’ Alembert dv th€ vecto

© TS. Luong Hitu Tuin

rotH = j+% (1)

rotB = uJ + ue

rot(rotA) = uJ + e (—gradp—2) (dn thé)
grad(divﬁ) ~AA= ,uj — grad(ﬂeaa—‘f) —ﬂg% (gtvt, hvtt)
AA— grad(divA + ye%—f’) —ﬂg% =—uJ

biéu kién Lorentz :

divA+ pe2 =0

Phuong trinh d’ Alembert ddi v6i A

Aﬁ—ﬂg% =—uJ

© TS. Lwong Hitu Tun

® Phyong trinh d’ Alembert dv th€ v6 huéng

p=divD (IIl)
p = EdiVE = £div(-gradp—2) (dn thé)
p=—eAp—eLdivA (gtvt,hvtr)
divA +,u€aa—‘f =0 (Lorentz)
2 2%

p=—EAQ+ e =

Phuong trinh d’ Alembert d6i v6i @

Ap—uell=—ple




B Tém lai

1) =
o) d7e r

1 I pt—r/v)dv

dén diém khdo sat

Thay doi ciia “ngudn” khong dnh hudng ngay Iip tifc

e =
O
5 Ap-L2L=—p/e
=
g
2 v=1/\Jue : van tSc truyén séng
-
z
o
9
2.2. Th&€ chim
5 MF’ B— —:l-r._,.;—"_"‘-P(H
£ v/
o
: -
= A(l‘)zﬁj.](t_r/v)dv
5 4z, r




2.3. Phuong trinh s6ng

© TS. Luong Hitu Tuin

® mién khong chira dong dién & dién tich :

1 9%A _
M-S =

v 9
82

0
Ap—557=0

S

® c6 thé chifng minh :

Vo o =0
1L 2E

1
v or?

7 _ 1 9°H
AH -1 =
AE

© TS. Lwong Hitu Tun

Chuong 4 : Trudng dié€n ti bi€n thién

1. Khdi ni€m chung

2. Thiét 1ap phuong trinh d’ Alembert

3. Trudng dién tir bi€n thién di€u hoa
3.1. Bi€u dién phifc qu trinh diéu hoa
3.2. Hé Maxwell dang phitic
3.3. Hé phuong trinh s6ng dang phiic
3.4. Pinh 1y Poynting dang phic




3.1. Bi€u dién phitc qué trinh di€u hoa

B qud trinh diéu hoa vira c6 tinh cd bdn vira c6 tinh thuc t&
®m biéu thic :
E(x, V,2,t) = l:me (x,y,z)cos[wt+¥ (x,y,2)]+...

= - . Wy LS
E =iE, """ +.=¢"E

E=Re{E }=Re(Ee™)

® trinh ty tinh todn :
® xic dinh vecto bi€n do phuc
® xic dinh vecto phic tic thai
® xic dinh vecto vat ly

© TS. Luong Hitu Tuin

by - B
Il
tn
m\
g

W (inh chat: . %—X N Ja))?c
t
13

3.2. Hé Maxwell dang phitc

rotH = }/E+8%—§ - rotl?lC =(y+ jq)é‘)EC

rotE = — 2 - ”Ol‘EC =—jouH,
divE = p/ & —divE. = p, /€
= - -
E divH =0 —>divH, =0
% ® h¢ Maxwell dang phuc :
g
= = >
- rotH = (y+ jwe)E
=~ = =
©) rotE =—jouH
divE = p/ e
divH =0

khong chita y&u to thdi gian




3.3. Hé phuong trinh s6ng dang phuc

® mién khong chita dong & dién tich :

. 2 .
M+ZA=0
1%

2

Ap+Z =0
\%

© TS. Luong Hitu Tuin

3.4. Pinh ly Poynting dang phic (ty doc)

® dinh ly Poynting dang phuc :
viphan: —divP=(p,)+ j20l(w,)~(w,)]
tichphan: —¢ _PdS = (p,)dV + j20] [(w,)-(w,)ldV

® vectd Poynting phc :

© TS. Lwong Hitu Tun
T
o

B mit do trung binh :

<pJ> = 77E1121
(w,)=%uH,
()= 282

E,=E, +E, +E,




Chuong 4 : Trudng dién tir bi€n thién

1. Khdi ni€m chung
2. Thi€t 14p phuong trinh d’ Alembert
3. Trudng dién tir bi€n thién di€u hoa
4. S6ng dién tit phing don sic

4.1. binh nghia

4.2. Thi€t 1ap phuong trinh

4.3. bai lugng déc trung

© TS. Luong Hitu Tuin

4.1. Pinh nghia

Séng dién tif phang don sic c6 :
® mit dong pha phing | phuong truyén
® £, H khong d8i trén mat dong pha

® bién thién diéu hoa tan s6 o x4c dinh

© TS. Lwong Hitu Tun
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4.2. Thiét 14p phuong trinh

® phuong truyén 1a phuong z
m gid thi€t: E=E(z) Li,H=H(2)Lli /

roth = (y+ joe)E (1) o %
P rotE =—jouH (I 1
£ - | B - MR
glxoayhétoadO:Ey:O:_Hx=O . ) 2
£ = E=Ei,H=Hi, =
- |
Z E=Me"“+M, e =E"+E" >
o - . . .
H=3e"-32e"=H"-H"
I'=jou(y+ jowe) =a+jp (a>0)
Z. = jou/T
Z =E'/H =E/H" o

Chuong 4 : Trudng dié€n ti bi€n thién

1. Khdi ni€m chung
2. Thiét 1ap phuong trinh d’ Alembert
3. Trudng dién tir bi€n thién di€u hoa
4. S6ng dién tir phing don sic

4.1. Binh nghia

4.2. Thi€t 1ap phuong trinh

4.3. Pai lugng dic trung

® Vin tdc pha

® Hé s6 truyén

an

¢

© TS. Lwong Hiru Tu

B TrG song
® BuGc song
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® Vin t6c pha

Xét séng dién t6i : E'=M;e™"
W gid s : M, =mZ@,,cos
® s6ng dién : E" =me'" e *iPs
;E E* =me ™ cos(art — Bz+,)i.
5 ® pha : wt— Bz+¢,
g ® mit dong pha : @t — Bz + @, = const,t = const
=
o mdt dong pha 1a mit z = const L phuong truyé€n
[l
© ® vin toc pha : v, =dz/dt
wdt — Bdz+0=0
v, =0/
Xét séng ngudc : v,=—0/f

21

® Hé s6 truyén & Trd séng & Budc séng

m Hé sd truyén
I'=\jou(y+ joe)=a+jf | (1/m)

Séng dién tir lan truyén vdi bién do suy gidm theo qui ludt e ~%

an

¢

® Trd song

Y+ jwe

© TS. Lwong Hiru Tu
(o}
=

® Budc song
12 khodng céch giita 2 di€m c6 hiéu pha bing 21
2r=(wt- Pz, +¢)— (0t = fz,+9)
2= p(z,—z)=pA

A=2z/B | (m)

22
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® Ghi chu

JOE =Y+ jwe

é:g—jZ
w
I'=jo\ué
z = |2
&

© TS. Luong Hitu Tuin
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Chuong 4 : Trudng dié€n ti bi€n thién

1. Khdi ni€m chung

2. Thiét 1ap phuong trinh d’ Alembert

3. Trudng dién tir bi€n thién di€u hoa

4, S6ng dién tir phing don sic

5. Sdtpds truyén trong dién moi 1y tudng
5.1. Pai lugng déc trung
5.2. Nhian xét

© TS. Lwong Hitu Tun
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5.1. Pai lugng dic trung

W oid s :

® dién moi dong nhat, 1y tudng (y=0)

® khong gi6i han vé phuong truyén (khong phin xa)
® Pai lugng dic trung :

26

=
i Hésgtruyén:F:...:ja)‘/lug(#):a:()’ﬂ:a) ue =2
= % 4
o0 Tro song : =..=
: /g Z. =..=\Ju/eeR (Q)
= Van tdc pha : v,=..=v (mls)
S BuGcsong: A=..= 2;;\;/(0: v/f (m)
® Phin bd séng : khdng c6 séng phin xa
gid st M, =m L,
{ E(z,t)=m, cos(wt— Bz+@)i. (V/m)
H(z,t) =5-cos(wt — Bz+@)i, (Alm)
‘ 25
5.2. Nhan xét
B s6ng dién tir ngang TEM
® do o = 0 nén khdng c6 suy gidm séng doc theo ph.truyén
® do Z_ thuc nén ]
5 ® song di€n & song tr dddng cung pha (Z, = %)
£ ® 7 =L=Jule (tdc thdi)
§ B vin tdc pha ciing chinh van tdc truyén séng
z mat dd ndng lugng :
© NLTD = NLTT trong ciing thé tich
w, LteE® 1
w, SuH?
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Chuong 4 : Trudng dién tir bi€n thién

© TS. Luong Hitu Tuin

1. Khdi ni€m chung
2. Thi€t 14p phuong trinh d’ Alembert
3. Trudng dién tir bi€n thién di€u hoa
4. S6ng dién tit phing don sic
5. Sdtpds truyén trong dién méi 1y twdng
6. Sdtpds truyén trong vt din tot
6.1. Pai lugng déc trung
6.2. Nhan xét
6.3. Do xuyén siu - hiéu ng bé mit

27

© TS. Lwong Hitu Tun

6.1. Dai lugng dic trung

W oid s :
® vit din dong nhat, tot (Y>> we)
® khong gidi han vé phuong truyén (khdng phidn xa)
® Pai lugng dic trung :
Hé s6 truyén : r:'..:\/m(#)ja:ﬁ:\/m

Trésong:  Z =..=.au/ys45° (Q)

c

Vin tdc pha : v, =.“=\/W (m)
BuGcsong: ,_  _ 27[\/% (m)
® Phin bd séng : khdng c6 séng phin xa
Gid st M, =m L,
E(z,t) =me™ cos(wt — Bz +@,)i. (VIm)
W{I:I(z,t) = e cos(@t = fz+ @ =450, (Alm)

14



6.2. Nhian xét

B s6ng di€n tUr ngang

® do o # 0 nén séng suy gidm theo qui ludt e =%
® d0 xuyén siu
® hiéu (tng bé mit

m 7. phuc:

® 7,=E _/H =+ouly

® van téc pha khdc van tdc truyén séng
® mat dd ndng lugng (bi€én do) : NLTP << NLTT

1 2
w LeFE

¢ :12—’”2:...<<1
W, MH,

m

© TS. Luong Hitu Tuin

® song di€n & song tur 1€ch pha nhau 45°

29

Chuong 4 : Trudng dié€n ti bi€n thién

1. Khdi ni€m chung
2. Thiét 1ap phuong trinh d’ Alembert
3. Trudng dién tir bi€n thién di€u hoa
4, S6ng dién tir phing don sic
5. Sdtpds truyén trong dién moi 1y tudng
6. Sdtpds truyén trong vat din tot
6.1. Pai lugng déc trung
6.2. Nhan xét
6.3. P xuyén siu - hiéu tng bé mit
B P) xuyén siu
® Hiéu tng bé mit

© TS. Lwong Hitu Tun

30
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® P xuyén siu

© TS. Luong Hitu Tuin

€. '//
I

® s6ng gidm theo qui luat e~ , chi thAim d&€n do siu nao dé
vidu:z=AXA,bién dd gidm 540 lan
® 36 xuyénsdu A:z=A, bién dd gidm e lan

1 [2
A==~ |
a \aouy

vidu:bac f=1MHz,A=6,4.102mm
f=10GHz ,A=6,4.10*mm
® coi nhu khong c6 séng dién titbén trong vat din tdt .

© TS. Lwong Hitu Tun

® Hiéu *ng bé mit

J=yE
B bién d6 cia mat dd dong ciing suy gidm theo qui ludt e ~*
® dong dién tap trung chi y&u trén bé mit vat din
B {ng dung :
® t6i bé mit bing dong cao tin

® khoét 16i kim loai & tan s6 cao

32
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7. Phdn xa & khiic xa cta sdtp dsic (tu doc)

i

ur-:?‘\__\\_‘

= | - i

Nz y p
o e
e |

g o,

(i .'*I; e, :_ "_.:-' e
= et e ;t -
B e v E N ]
y R e e
g “‘q.\_ 3 fﬂ _,*"" -'I':-|F|
33
Tém tit chuong 4
1. Khdi ni€m chung
2. Thi€t 14p phuong trinh d’ Alembert
_ 3. Trudng dién ti¥ bi€n thién di€u hoa
;: 4. S6ng dién tir phing don sic
E,J 5. Sdtp don sic truyén trong dién moi 1y tudng
£ 6.Sdtp don sic truyén trong vat din tot
S  7.Ph4n xa & khiic xa clia sdtp don sic
34

17



Trudng di€n tuw

® Chuong 1 : Khdi niém & phtrinh c¢d ban cia TPT
® Chuong 2 : Trudng dién tinh

® Chuong 3 : TDT diung

® Chuong 4 : TDT bién thién

® Chuong 5 : Buc xa dién tu

© TS. Luong Hitu Tuin

Chuong 5 : Buc xa dién tur

1. Khai niém

2. Nguyén t& anten thing
3. Nguyén t§ anten vong
4. Tinh dinh huéng

5. Nguyén Iy tudng hd

© TS. Lwong Hitu Tun




1. Khai ni€ém

© TS. Luong Hitu Tuin

B Bic xa dién tur
® TDT bié&n thién lan truyén dugi dang séng dién tir
® Cong suat dién ti phu thudc : d6 16n & toc do bién
thién cda ngudn, ciu tric ngudn va moi trudng
® Ung dung rong rii trong ky thuat
® Thé vectd clia dong dién diy
1(t) > I, = 1™
I(t—r1/v) = [ =] ¢V
A=gp HG—ndl = | A=£[ tiedl | k=afv=21/4

® Mién kh3o sit
® mién gin (mi€n cdm Gng): r<<A
® mién xa (mién bifc xa): r>>A

© TS. Lwong Hitu Tun

Chuong 5 : Buc xa dién tur

1. Khai niém

2. Nguyén t& anten thing
® Phin bd cda trudng dién tir
® Mién gin

® Mién xa




® Phin b6 cla trudng dién tir

7 Nguyén td anten thing 12 diy din thing,

Z mainh, chiéu dail << A vd mang dong
- di€uhoa
I<r 7 B i(t)=1, cos(ax +y)
. nhu nhau trén toan bd anten
: ~ . P -k
k(?J 7" e Thé vectd : A=£J' lI'e‘j"RdlfZ pe” li.
dl 4r°L R drr

P

Ezj#wgroﬂ:] =Ei +E,i, (Iy=0)

| ® TDT: A =Lroth=H,j,

T _ lik%sin® [ 1 — jkr
H¢ —  4rz (kr + K22 )e
E __j11'k3cose( j 1 )e—jkr
r 2rwwe K2r? K33
S jliksing o j 1 — jkr
EH - 4 wwe ( kr + k22 + K33 )e 5

© TS. Lwong Hitu Tun

® Mién gin

27 122 PERER
Bt
E=Ei +E,,

Dor<d: A=l <L =1

H — lising
[ 4zr?

; jli cos &
E =— JHUCOST
r 27wer’

E =— jli'sin@
e 4rwer’

Séng dién & séng tir 1éch pha nhau 90°, cong suit
dién tir trung binh bing 0 : lan truyén cong sudt dién
tor ¢ tinh dao dong




B Mién xa

© TS. Luong Hitu Tuin

® Phin b3 séng

® Cong suit birc xa

© TS. Lwong Hitu Tun

® Phin bd séng

LA 1 S _ T
Dor>A:4-=4>— M,E—Egzg
JllksmH -J / jlik’sing —i®,
vii H E = wer € Y

E,=Z.H, Z, = /e

H ==l siné’cos(a)t—ﬂr+y/+90”);
E= Z 5=, smé’cos(a)t——r+;//+90")zg
Nhan xét :
@ phuong : s6ng dién tit ngang
@ bién do : suy gidm theo qui luat 1/r
@ pha : mit dong pha 12 mit cau
V=V

@ tinh dinh huéng : do bién do ~ sin®
bic xa cuc dai khi 6=90° va cuc ti€u khi 6=0°,180°




® Cong suit bifc xa

© TS. Luong Hitu Tuin

@ Vectd Poynting:  P=ExH =Pi.

P=ZH>0
Nhin xét : Biic xa ludn truyén tir ‘ngudn’ ra mién bxa

_ 112 sin* 0 2 » 0
P=Z 755 CO0S (ot —2r+y+90°)

<P > -7 1212 sin* 0

r ¢ 8A%2
@ Cong suit biic xa : cs dién tif trung binh glti qua 1 mit
cau tAm 12 nguyén to anten (r >> 1)

B”‘ =Cﬁs<l_j>d§ :SBS<P’>dS
B, =37Z1,([2)
Pbx :%R 12 be :%ﬂ.zc(l/ﬂ’)z

bx"m?

Nhan xét : P, tf 1& nghich vdi A2, ~ f2: ding cao tan
9

© TS. Lwong Hitu Tun

Chuong 5 : Buc xa dién tur

1. Khai niém
2. Nguyén t& anten thing
3. Nguyén t§ anten vong (tw doc)
4. Tinh dinh huéng
Tinh dinh huéng 1a kha nang tip trung bdc xa vao 1
huéng va yé&u di & nhitng huéng khéc
B Cudng do buc xa
m Cudng dd bic xa chuin
® PJ dinh hudng




B Cudng dd bitc xa u

12 cOng su't dién tf trung binh gt trén 1 don vi géc dic theo
huéng khao sat

dQ = d—f (steradian)
r

u =<R>dS/dQ:<R>r2 (W / sterad)

© TS. Luong Hitu Tuin

Vi du : nguyén t3 anten thing
I’I’ sin* @
u =u(0,0) thuong doc lap vdir

272 (.2
:u:ZClImSI? 0
84

r

(P)=2

m Cudng d6 bic xa chudnu,

ul‘t = u/umax

Vi du : nguyén td anten thing
I’I’sin* 6
.Y
272
= Upax = Zc ILZI
81

=u, =sin’

u=27

© TS. Lwong Hitu Tun




® Po dinh huéng D

© TS. Luong Hitu Tuin

D = unmax /untb

= [ u,sin6d6dg

Ay

nmax

j j u, sin0dOde

ntb

Vi du : nguyén td anten thing c6

u, =sin%0, u =1

’ nmax ~

= jo sin> @sin 0d6dgp = ...=2/3
D:unmax/umb :1’5

Cudng do biic xa cuc dai s& gap 1,5 1an cudng do biic xa
trung binh khi bifc xa rdi déu theo moi huéng

© TS. Lwong Hitu Tun

Chuong 5 : Buc xa dién tur

1. Khai niém

2. Nguyén t& anten thing

3. Nguyén t§ anten vong

4. Tinh dinh huéng

5. Nguyén 1y tuong hd (ty doc)




Trudng di€n tuw

® Chudng 1 : Khdi niém & phtrinh c¢d ban ciia TDT
® Chuong 2 : Trudng di€n tinh

® Chuong 3 : TDT dirng

® Chuong 4 : TDT bién thién

® Chuong 5 : Bic xa di€n tu

®m Chuong 6 : Ong din séng - Hop cong hudng

© TS. Luong Hitu Tuin

Chuong 6 : Ong din séng - Hop cong hudng

1. Khdi niém vé ods

2. Ods hinh chif nhat

3. Ods hinh try tron

4. Hé sb tit dan trong ods thuc
5. H6p cong hudng

© TS. Lwong Hitu Tun




Chuong 6 : 6ng din séng - HOp cong hudng

1. Khdi niém vé ods
1.1. Hé thong din truyén dinh huéng
1.2. TAn s0 t6i han & Séng ngang

© TS. Luong Hitu Tuin

1.1. Hé thdng din truyén dinh huéng

12 hé thong din truyén bifc xa dién tir theo 1 hu6ng nhat dinh
m Khi f ting, ton hao (bifc xa & nhiét) ting theo
® DAy song hanh : ddi séng m

® t6n hao bic xa ting do kgian bitc xa khong giéi han

® ton hao nhiét ting do hiéu tng bé mit & do tdn hao dmoi
® C4p ddng truc : dii séng dm

® tGn hao bifc xa khong ddng ké do kgian bic xa gi6i han

© TS. Lwong Hitu Tun

® t5n hao nhiét ting

m Ong din séng : dii séng cm
® t6n hao bitc xa khong diang k€ do kgian bitc xa gi6i han
® (6n hao nhiét khong dang ké do vy, = 0 & Y,,, =0




1.2. T4n s6 tdi han & S6ng ngang

© TS. Luong Hitu Tuin

B Tan so t6i han f,, :
® S6ng lan truyén khong t8n hao khi f> f,,
® Tan s6 tdi han ti 1& nghich véi kich thu6c cia ods
Do d6 ods chi diing & tan sd cao
® S6ng ngang : Gid sif phuong truyén 13 phuong z
Séng dién tir tdng quat 13 tdng clia :
® Song diénngang TE: E,=0,H,#0
® Songtungang TM: E, #0,H,=0

© TS. Lwong Hitu Tun

Chuong 6 : Ong din séng - Hop cong hudng

1. Khdi niém vé ods
2. Ods hinh chit nhit

Gid sif ods co : tiét dién hen, chiéu dai rdt Ion, khong ton hao
(= o0 & 7, =0), bién thién diéu hoa

2.1. Thi€t 1ap phuong trinh & diéu kién bién
2.2. Song to ngang TM

2.3. Song dién ngang TE

2.4. Tinh chat ctia ods




2.1. Thiét 1ap phuong trinh & dkién bién (1)

® Thi€t 14p phuong trinh
Gi4 st phuong truyén 13 phuong z.
Do ods rat dai nen song chi truyén theo mot phu’dng k= +],B

£ E=E (e ™, H=H o (X, y) k :>aE— =—kE, aH—...:—kH
=
E E =-5(- —k %= Jw#T;
ol
g rotH Ja)eE E = Kz( k +JjOUY)
3 rotE =—jouH | H,=-5(- kag + a)g—)
o H}.—,@( k% - joes)
K:=k'+a'ue=-p"+<%
o%E, azE: 295 _
= ay—2+KCEZ =0
’H, |, 9°H, 277 _
?—*_8\_2—*_ K(_HZ —O ;
2.1. Thi€t 1ap phuong trinh & dkién bién (2)
® Piéu kién bién
3 Elt :EZr
=]
E Bln _BZn
=
g E =0
3
% B, =
=~
@]

E (x,0,2)=0




© TS. Luong Hitu Tuin

2.2. S6ng ti ngang TM (1)

H.=0: 2y .=0

a 2
E = X(x).Y(y).e kz(s.v.)

Y X+ X AL KIXYe ™ =0

LLx vd—z —0
{% X =M (X = Asin(Mx+ @)
;%:—NZ :{Y:Bsin(Nyﬂ//)
K>’=M?+N"
EZ = Csin(Mx + @)sin(Ny +y)e @
E.(x=0)=0 p=0
E(y=0)= 0 _ w=0
E(x a)= O Ma=mr
E(y=b)=0 Nb=nrx 9

© TS. Lwong Hitu Tun

2.2. S6ng tu ngang TM (2)

d . . , —k
EZ=Csm’”T’”sm%e :

_ . oH —k oF,
E, = = —k 5=~ jou ay) Fer
. —k oF,
Ey KZ( kW-l_ jou ax) K2 3

— a)saE
H, = - (= k—+]608—) ]Kz 5

—Jwé' oE,
H Kz( k__ (08?) K> o




2.2. S6ng ti ngang TM (3)

; : ) —kz Z
Ex = ——Ii’g —";” Ccos ’";” sin —”Z’ e I

. < . —k

Ey = _% £Es1n #2 cos—"’;y e " ‘

. 3 -
. . D —k
E =Csin2Zsinre . oHa

® v s6 ki€u séng TE,, : TE,,, TE,, ...

® TE__tng véi m = 0 va n = 0 khdng lan truyén

=
z H =-7,E, / £
) . . .
% Hy - Z’II‘M Ex ’
§ H_=0
ol p— —_— iﬂl'ﬂll
E ZTM - jLa)g T we
© K2 _ 2 @ _ (mr\2 nr\2

B, = (@/v)} —(mz]a)* — (nz/b)*

® Nhin xét :
® v5 58 ki€u séng TM, . : TM,;, TM,,, TM, ...
® khong ton tai TM,,, ng v6i m =0 hay n=0 1
2.3. S6ng di€n ngang TE
H, =§—’C§’V’T”sin’V’T’”cos"’%e_kZ z
H, :Ii—{;%cos"’T’”sin%e_“ N
: mrx nr —kz .

p H_=Ccos”cos—>e £ t’/’H’L
g E =Z,H, - 4
: E
! E =-Z,H, 1/ ’
£ . .
B E =0 :
2 :
© Ly = % = J_ra/)i/;,,

B, =\ (@/v)} —(mx|a)* — (nz/b)*

® Nhin xét :




2.4. Tinh chit cia ods

1. TAn s6 t6i han :
Lan truyén khong tdn hao = k==%j4, thuin o

w> | @, = 7v|(m/a)* +(n/b)’

[>fh =20, A< 4, :V/frh
2. Vin t6c pha trong ods :

Vo =@ B =9 N1=(f, [ 1) 2
3. Budc séng trong ods :

A =27) B = A\T= (A2 ) 2 2
4. Phan b8 dudng sifc : dstic dién & tir 1ip lai nhung ddo chiéu

- sau 1 khodng a/m doc theo truc x

- sau 1 khodng b/n doc theo truc y
- sau 1 khodng A /2 doc theo truc z

© TS. Luong Hitu Tuin

Chuong 6 : Ong din séng - Hop cong hudng

1. Khdi niém vé ods

2. Ods hinh chit nhit

3. Ods hinh try tron

4. Hé sb tit dan trong ods thuc
4.1. Thi€t 1ap cong thitc
4.2. Hé s6 tit din trong ods thuc hen (tu doc)
4.3. Hé so tit dan trong ods thuc htt (tu doc)

© TS. Lwong Hitu Tun




4.1. Thiét 1ap cong thitc

© TS. Luong Hitu Tuin

Thuc t€, yth <oovad Y4, #0:bi€n do gidm theo qui ludt e ~*

E E (x, y)e “e H 7} o(x, y)e e a(p)
air) i
j Re{ExH }.dS = . == 2a<P> a—2<}’3>

E :ZHZ,EZ =—ZH,,Z = \Jou[y £45°
—lj Re{E><H 1 dS=.. \@cﬁ HZdl

<j> H2dl
azé\/a

7 [, Re{Exﬁ*}zdS

(Np/m)

© TS. Lwong Hitu Tun

Chuong 6 : Ong din séng - Hop cong hudng

1. Khdi niém vé ods
2. Ods hinh chit nhat
3. Ods hinh try tron
4. Hé sb tit dan trong ods thuc
5. Hop cong hudng
5.1. Khai ni€ém
5.2. Hch hinh chit nhat khong ton hao




5.1. Khai ni€m

© TS. Luong Hitu Tuin

HCH 12 hop kim loai din dién tot, bén trong 12 dién moi tot.
® Hai thong s6 quan trong cia hé thong cdng hudng :
® tin sd cong hudng
® 36 phdm chat Q
0=
(W.)
® Khic véi mach RLC :
® TP & TT lién hé chit ché vGi nhau

® Quen >> Qric

© TS. Lwong Hitu Tun

5.2. Hch hinh chit nhit khong t6n hao

Ho6p cong hudng c6 7y, = o & ¥4, =0
St dung cic cong thiic clia ods bing cdch xét ddng thdi séng
thuin & nghich gdyratréncicmitz=0&z=c
B Song TE,,,,
B Song TM,,,,

B Nhin xét




B S6ng TE,

b a

E (x,y,0)= Ex<x, Y, c) =0
B =25 = (@) — () — (22)?

X

E :%MCOS mrx ¢ "ﬂ'y (Ce Bz +C e.//an )

=
R .
o0 y KCZ c b a b c
g H_ = Acos2&: cosﬂsin%
)] — z T nry s . prz
£ E = K2 JOU T cos 2 sin —=sin -+~
’ m/r m/rx nry s .. prZ
E = K? jourr L COs —=SIn ——
E =0
z
biéu kién :
® m, n khong ddng thsi bing 0
® p khac 0 19
- pd
Song TM_ -
Ex - 1?2 L mE cog22x gin 2 sin £
E —u A LT AE gin 22X cos 2 sin £
- EZ Asin 2Z= mn’”%cosp—”Z
3
g H, o JOEEs ’";” cos 2+ cos 2=
= H = ——]6()8 ML 0os 2L gin X cos -
o0 a b
s H_=0
3
%
= A A
© biéu kién :
®m, nkhiacO
20

10



® Nhin xét

® v) sO tan s6 cong hudng
2 = (@) - () — (2
@, =2V + () +(2)’

® s6ng di€én & tr 1€ch pha nhau 90° :
chuyén héa ning lugng

© TS. Luong Hitu Tuin

WO = m +Wm =const = Mmax = Wmmax

21

Tém tit chuong 6

1. Khdi niém vé ods

2. Ods hinh chif nhat

3. Ods hinh try tron

4. Hé sb tit dan trong ods thuc
5. H6p cong hudng

© TS. Lwong Hitu Tun
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Bai tap Truong dién tu

Nguoi soan: Lé Minh Cuong
[Imcuong @hcmut.edu.vn]

(Nam hoc 2007 - 2008)

® Chuong 1: Cac khai niém " Chuong 4: Truong dién tu
va luit cd ban. bién thién.
" Chuong 2: Truong dién tinh. " Chuong 5: Buc xa dién tur.

® Chuong 3: Truong dién tir ding. ® Chuong 6: 6ng dan song
- Hop cong hudng.
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Truong dién tu , Ngo Nhat Anh - Truong Trong Tuan My , NXB PHQG TP
HCM, 2000 .

Bai Tap Truong dién tw , Ngo6 Nhat Anh - Truwong Trong Tudn My , NXB
DHQG TP HCM , 2000 .

Elements of Engineering Electromagnetics (second edition) , Nannapaneni
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& Gabriel G.Skitek , Prentice-Hall , 1987.
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BAI TAP CHUONG 1

— — — — - - -
1.1: Ch02vect0’ A=1x+1, ; B=1.+21,-21:
- - -

Tim : A-I-B is5; A.B; A><B [ :géc nhon hgp béi 2 vecto A&B

%

N :vectd phap tuy&n ciia mit phang chiia A & B

T
T

(DS:Zix+3iy—2iZ;;(ix+2iy—2izj;3;—2ix+2iy+iz, i ( 2ix+2iy+izj)

1.2 : Tim dién tich chifa trong qua cau, ban kinh 1/z (cm), cé mat d§ dién tich phan
b6 khoi p = 1/r2 (C/m3) ?

(bS: 4.10*(C))

1.3 : Pia tron, bkinh a, niim trong mit phﬁng Oxy, tam tai goc toa do , mang dién véi
mit d§ mat : o =4ney/r [C/m?]. Tim dién tich Q cua dia ?

(DS: 8n%¢,a)

Problem_ch1 3
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BAI TAP CHUONG 1

Cho ham v6 huéng U = xy , tim vecto don vi vudng goéc véi mat U = xy = 2 tai
di€m P(2,1,0) bing 2 cach :

+ Dung tich ¢6 huéng cua 2 vectd ti€p tuyén véi mat tai P ?

+ Dung khai nié m gradient ?
Tim toc do bi€n ddi cuc dai cia ham U tai P ?

BS: i, =i%(?x+z?yj. T&c do bign d6i max= /5 )

1.5:

Cho ham vo huéng U = r2sin(2¢) trong hé tru , tim téoc do ting cia ham nay
theo huéng cua vecto ; _ (j iy j tai di€ém P(2, /4, 0) ?

BS: 22 )

1.6:

Tim div cua cic trudng vecto: g) A

((xz—yz) 1,—2xyi1,+4 izj

b) A :(rcos¢?r—rsin¢Y¢j (Hé try)
c) A =(r2 _i)r‘i‘ rsin@?aj (Hé cau)

BS: a)0;b)cosg;c)dr+2cosd)
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1.7 : Tim rot cua cac trudng vecto: g) A :(ny_ nyj
b)X:(ZrCOS¢_i)r+r—i>¢j (Hé try)
¢) A =(#?9) (Hé ciu)
(BS: @) —2i.:b)2(1+sing)i.z;c)—"i,)

1.8:

%

Dung dinh Iy Stokes, tim luu s6 cia vectd : F =

trén chu vi tam giac ABC theo chiéu ABC véi :

((x+y)Yx+(x—z)_i)y+(y+z)Yzj

A(0,0,0) ; B(0,1,0); C(0,0,1) ?
dS: 1)

1.9:

Dung dinh Iy Divergence, tim thong lugng cua

vecto vi tri g6i qua mot mit tru

kin ddy tron ban kinh a, tim tai géc toa d¢, cao h, truc hinh tru trung truc z ?

(DS: 3ma’h)

Problem_ch1
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1.10 : Truong dién c6 vectd cam wng N kr? Tr r< R
dién cho trong hé tru : D = 3 ;k,R = const
kR = >
1 r>R
r

Tim méat dé dién tich khdi ty do p trong 2 mién va mat do dién tich mit ty do o trén
mitr=R?

DS 3kr r <R ( R)=0
. = ’G = =
(BS: » 0 r> R )
1.11 : Trudong tit ditng (khong thay doi . ar T¢ r< R
theo thoi gian) cé vecto cuong d06 H = < R > ;2,R = const
truong tu cho trong hé tru : £ ig r>R
L 7

Tim vectd mit do dong khoi trong 2 mién va mat do dong mit trénmitr=R ?

BS: j-J281: r<R .y _Ry=0)
0 r > R

Problem_ch1 6
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1.12 : Trong khong gian (p = const) ton )

. . <~ 3s A ulr =
tai truong tv dung (khong thay =1y
doi theo thoi gian) c6 vectd cam 2ra
Wng tif cho trong hé tru : B 2/11 T¢
Tim vecto mat do dong khoi trong 0 T
cdc mién , vectd mat do dong miit
tréncacmatr=avar=>b ? .

(DS: ( I -
51z r<a
Ta
N
J =<0 a<r<b;
0 b<r
\

a<r<b

:1,a,b =const

Problem_ch1
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1.13 : Trong mién € = const , p = const , khong cé dién tich ty do va dong dién din ,
ton tai mot trudng dién tir bi€n thién tan sé géc o cé vecto cudng do trudng tir
cho trong hé tgoa do Descartes nhu sau :

> a . (7x) . > X >
H= —C.’B— sin (—j sin(wt — z) ix + C.cos (—j cos(wt — fz) i
a

T a

trong dé6 C, a, B 1a cac hiing s6 .

Tim vectd cudng do trudng dién cua trudng dién tur bi€n thién trén ?
2
Ve o 2 72- —_— 2
Chung minh : ,B +a—2 = &U

- 2 -
(BS: E = Ca ,82+7Z— sin(ﬁjsin(a)t—ﬁz)iy )

WTE, a’ a
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1.14 :Khung day 100 vong, hinh vudng canh 25cm, trong mit phang xOy. Tim sifc
dién dong cam ng xuit hién trong khung diay bi€t cAm ¥ng tir ton tai trong
khong gian c6 biéu thic :

—

a) B=20e"i (T) b) B=20cos(x)cos(10°¢)i (T)

(DS: a)375e3tV b) 124,7sin(10%t) kV )

1.15 : DAy din biang dong , c6 y = 5,8.107 (S/m) , € = ¢, = 8,842 (pF/m) , dang hinh tru ,
dudng kinh d = 1 mm, mang dong hinh sin, bién do 1 A, tan sé 50 Hz. Tinh mat
do dong din va dong dich trong diy dan ? Nhan xét ?

(BS:  J=1,27.100.5in(100xt) 5 J 4, = 6,1.10"L.cos(100nt) (A/m?) . J >> Jyop, )

Problem_ch1 9
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1.16 : Biét :

B1 = Bo (2 ir+4 iy+5 1zj (%Zb_) (BO = COIlSt) T1=[:| » ETEp By =4|-LIII
Va mat phin cach c¢6 vecto miat do dong mat : : @ X
7 B | 7 y v, =0 e,=8, ) W, = 21,

s :ﬂ‘o’(lx—21yj(m)

Tim B, trénmatphincach?

(DS: B: :Bo(sfx+4fy+slj(g‘;) )

1.17 ;: Tai diém P trén mit phan cich 2 méi, truong i

dién mdi , vé phia méi trudng 1, vectd g, ¢ : y=0,e.=68,; 1 = L,
E, =104 E, = 5.10° (V/m); E,, = 0.

Gia s trén mit phin cich khong ton tai dién A ) o
tich tu do , tim Es ; D> trén mét phan cach ? z

Y=l 8, =28, Uy =y

(DS: E2=(104;x+15.103;y)(2) )
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1.18 : Cho mdi trudng 1 ¢é : y, =7, , & = g, ; mMoi trudng 2
co : v, =3, , &, = 4.5, , VOi 7, = const . Gia su trudng
khong phu thudc thoi gian va déu trong 2 mién, va :

> N N N ¥, L E
Jl:J0(1x+21y+912j(%);.]0:ConSt L m .
= x
Tim vecto cuong d) truong dién trong moi truong 2 LEERS @

va mat do dién tich ty do mit trén mat phian cach ?

(DS E2 7{0(1X+21y+312j . 02_380J—0 )

70

1.19 : Hai mdi truong ban vé han phan cach bdi mit (S) c6 phudng trinh : 3x + 4y =
4. M6i trudng 1 chita géc toa dd cb g, = g, ; mdi trudng 2 c6 &, = 5¢, . Cho biét
vecto cuong do truong dién trong moéi truong 1 tai mat Sla :

E, :(4fx+2fyj(}:)

va trén mit S c¢6 dién tich ty do phian bé véi mat do mat o = 4,75.¢, (C/m2).
Tim vecto cuong dj truong dién trong moi tru’o’ng 2 tai mat S ?

(BS: E, =2, 651X—I—O 21y (V/m) )
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1.20 : C4p dong truc, c6 ban kinh 16i 1a a , ban kinh vé 1a b. Trong khong gian giita 16i
va vo ton tai tru’(‘)’ng dién tu’ c6 cac vectd cho trong hé tru :
E,> - H,-
E =—1, ;H=—"1y
I I
Tinh cong suit dién tif truyén doc cap ?
(PS: P =2nEH,In(b/a) )

1.21 : Trén bé mit cta diy din dién hinh tru tron , trudng dién tir cé :

- I —> - I —>
E=—1:;H= 14
4 2ra
Vé6i: Ly, S, a: cuong do dong dién, do din dién, ti€t dién va ban kinh day dan.

Xac dinh :
a) Vecto Poynting ?

b) Cong suit dién tir dua vao doan diay din dai L, suy ra dién tré ctia doan day ?

2 -

2 P
. 1L L
17”;Pdt -R_ dr )

g I
(D—S' P=- yS ? 12 7S

2rayS
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¢ d N . ~ , N a 7" < R
2.1: Thé dién cua truong dién tinh phan bo trong hé cau:
o A — ¢ = <
(biét a, R = const) s R
LT
Tim vecto cuong do truong dién ?
R 0 r<R
DbS: E=JaR >
( a—zlr ¥y >R )
r
2.2: Thé dién cta trudng dién tinh phan bo a(3R-2r).r.cos¢ r<R
trong hé tru (bi€ta,b,R=const): ¢ =< ;R3
A s ” cos ¢ r > R
Tim mat do dién tich khoéi ty do ? LT
(bi€'t € = const)
baccosgp r<R
BS: p= )
£ 0 r>R
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2.3: Tim hiéu thé& dién giita 2 di€m A(0, 22,7, 99) va B(1, 1, 1) bi€t cudng do trudong
dién codang: N N N

. E=yzix+zx1,+xy1:
Bang 2 cach:

a) Xdc dinh bi€u thic cda th& dién ?
b) Chon duong thich hgp tir A dé€n B cho viéc tinh tich phan duong ?

BS: 1V )

2.4: Giira 2 dién cyc phang hinh vudéng , canh 1 = 0,1 m, cdch nhau d = 5 mm, 13 méi
trudng cé ¢ = g, ton tai th& dién : ¢ = ax3+ bx? + ¢x v6i : a = -6,28.108 (V/m3), b = -
9,24.105 (V/m?), ¢ = -12.102 (V/m). Bé qua hiéu éng mép, tim dién tich toan phan
cua khong gian giita 2 dién cuc ?

(PS: Q = -gl3(3ad? + 2bd) = 5.10° (C) )
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2.5: Tim ¢ va E tai P(x,,0,0) do doan day chiéu dai a, mang .-L]-F
dién véi mat do dai A taora ? (bi€te=¢,) .

(D—S‘go:/llnxo . E- Aa i ) Dl—m-}[—rxpi-
drs, x,—a drgyx,(x, —a)
N
2.6: Tim ¢ va E tai P(2,0,0) , biét dia tron tich 32
dién véi mat do mit o ? (bi€t € = ¢, trong toan HE}
khong gian) ' p
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F ¥
2.7: Mit phﬁng rong vo han tich dién véi mat do méit o = a4 M
const , bi€t € = g, , tim Uy, va Uy, ?
(A)
oa
MdS: U, =U,=—" ) s
28,
-5 1l
2.8: Miit cau din , ban kinh R, mang dién tich Q. Biét ¢ = g,
trong toan khong gian, tim vecto cuong dj truong di€n va
thé& dién trong va ngoai vé cau bing hai cach :
a) Dung luat Gauss ?
b) Dung phuong trinh Poisson-Laplace ? (Luu y xac dinh
dd c4ac phuong trinh diéu kién bién , xem 1y thuyét 2.4)
Q r>R ( Q —
dre,r > i, r>R
(DS: ¢=H 0 ; E=1<4ng,r
r<R
| 47e, R ( r<R
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2.9: Qui cau dan, bkinh a, thé dién 3U,, dit dong
tAm véi vé cau din , bkinh 2a va 3a, th€ dién U,
Bi€t ¢ = g, trong toan khong gian. Chon ¢_ = 0,
xac dinh thé& dién cidc mién :

a) Mién r<a:

b) Mién a<r<2a:
¢)Mién 2a<r<3a:
d) Mién r>3a:

(bS:

U,

a) 3U,

b) U,(4a/r — 1)
¢) U,

d) 3Uy/r )

Problem_ch2




BAI TAP CHUONG 2

2.10:Pién tich phan bd khdi : p = r/(4r) (C/m3) trong hinh tru (¢ = 4¢, ) , ban kinh a =
0,5 (cm), nim trong khong khi . Chon thé& dién béng 0 trén truc hinh tru.
a) Tim vectd cudng d) trudng dién va thé dién trong & ngoai hinh tru ?
b) Vi tri mit dang th& c6 ¢ =-2 (V) ?

37 (r>a) 375104 -31,25 (r>a)
9 27 r’ (r<a)
0,75.10°7% 1, (r<a) | 4

b) Mit dang th& 1a miit tru : r =2 mm )

dién tich ty do phan bd theo qui luét : p = p,(1 - x?/d?) . Gia

2.11 : Tu phang, hiéu thé U, mdi trudng giita 2 ¢t tu ¢ € = g, va c6 —I "o
[
st th& dién chi phu thudc toa dé x, xac dinh ¢(x) va vecte U] ___ __‘ :-:1?

cudng do trudng dién giira 2 c6t tu ? : : -
(BS: 4 o
(0=—& xz—x2 + P _U x+U ;E:_d_¢ix )
2¢, 6d 12¢, d dx
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2.12 : Giita 2 dién cuc tru dong truc (dién cuc trong c6 ban
kinh a va thé& dién U ,dién cuc ngoai c¢6 ban kinh b va
ndi dat) 1a moi trudng c6 € = g, va ¢6 dién tich ty do
phan bé khdi véi mat d§ : p = p, = const . Gia sif thé
dién chi phu thuéc r, tim thé dién ¢(r) va vecto cudng
d) truong dién giita 2 dién cuc ?

2

(bS: ¢:—p°—r+Clnr+D

4,
po_d97 _(pr_C 7
dr 28, r
Po (4212 2
|:U+4go (a b ):| ’ D:'Oob . lnb U—|—&(az-b2) )
C= | 4¢, Ina/b 4¢,
nd
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2.13 : Giita 2 dién cuc phang , cach nhau d, 12 méi trudng cé
g = g, va ¢6 dién tich ty do phan bd khdi theo qui lut :
p = py-(d - x)/d , trong d6 p, = const . Hai di¢n cyc dat
duéi hiéu thé dién U. Tim:

a) Phan bo thé dién va cudng do trudng dién ?
b) Mat d mit dién tich tu do trén bé mit méi dién

cuc ?
3 2 U d
®S: a) p=i o
6d 2 d 3g,
2
E =P X U _pd
&, 2d ) d 3¢,
b) U  p,d
zeO: o
d 3
U p,d
o._,=- —
=d 6 )

]x+U
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2.14 : DAy dan tru rat dai, ban kinh R,, mang di¢n déu mat do
A Ong tru din (ban kinh R, & R,) khong mang dién
tich. Tim D, (mién R, <r <R,),D, (miénr > R,) va mat
do dién tich mat o(R,) , 6(R,) , o(R;) trong cac trudng
hgp :

a) Ong tru cich di¢n véi day din tru?
b) Ong tru ndi dat ?
¢) Ong tru ndi véi diay din tru?

A
g 7 o (R,) = :
DS: b) D=1, Py
I PV 38
D, =0 27 R,
2= c(R,)=0

2.15 : Cap ddng truc, bkinh 16i 13 a va vé la b, dai L, dién méi 1y tuéng cé : e =k/r , k
= const . Loi cdp c6 thé dién U va vo noi dat. Xac dinh vecto cudng dd trudng
dién trong ciach dién va dién dung trén don vi dai caa cap ?

- u - 2wk
DbS: E = 1, ;o C =
B5: E=r—i b-a)
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2.16 : Tu dién tru, dai L, bkinh c6t trong 1a a, ¢6 thé dién U, va ngoaila b, dugc noi
dat. Pién méi Iy tudng cé : € = ke /r , k = const. Xdc dinh :
a) Vecto cuong do truong dién va vecto phian cyc dién trong dién moi ?
b) Di¢n dung C, (di¢n dung trén don vi dai ) ?
¢) 6, trén bé miit dién moi (ti€p xiic cdt tu trong va cdt tu ngoai) ?

(BS: 2) E-—~ ?r;ﬁz(é‘lj aU_ 7 pyc =22k

(b-a) r o )(b—-a) ~(b-a)
— — _E EOU . — — E_ goU
C)le(r—a)—(l aj(b—a)’ oy (r=>) (b lj(b—a) )

2.17: Tu dién cau , ban kinh c6t trong la a, c6t ngoai 1a b,
gitta 2 cot 1a 2 16p dién mdi Iy tuéng c6 ¢, €, = const .
Thé cot trong 1a U, c¢6t ngoai biing 0. Tim:

a) Cam wng dién , cudng do trudng dién , thé dién ‘
trong mdi mién ?
b) Pién d ia tu ?
i 1 (b

. =E,=E = — > ¥ 2
(BS: a) == R Ty (b-a) \ r

b) C:27zab(51+82) )

(b-a)




BAI TAP CHUONG 2

2.18: Tu dién phang, dién tich ban cuc l1a S, hiéu th& U, giira

2 ban cuc la dién méi ly tudng cé : G
(& 0 < x<d, : : 1
& =19 ¢,d R EEETEE I :
0 d, < x <d : , —
Tim: L X 0 d 4

a) Cam Wng dién , cudng do trudng dién , the dién trong
mdi mién ?

b) Pién dung cua tu ?

¢) Mat d¢ dién tich lién k&t miit trén mit x = d,?

(DS: a) D,=D,=D= 2280dU :
d>+2dd,-d:

by c=25

U

c) alk=D(ﬁ—1j )
d
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2.19: Tu dién tru dai £, ban kinh c6t trong 1a a, ngoai la c, dat
dudi hiéu thé U = const, cot ngoai noi dit , gitra 2 cot tu

la dién moi ly tuéng cé : e b
oo 0 / a<r<b

a) Cam Wng dién , cudng do trudng dién , thé dién trong
mdi mién ?

b) Pién dung cua tu ?

¢) Mat do dién tich lién ké't khdi trong tirng mién ?

|
(BS: a)D,=D,=D,= 2 —
b-a c) r
——+In —
;)
b) C= D 2zt
U
Dr
C) L= b
P =0 )
Problem_ch2 12
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2.20 : Tu dién tru, chiéu dai la L, ban kinh c6t trong 12 a, ngoai la b, dit duéi hiéu
th& U = const, cot ngoai noéi dat , gitta 2 cot tu 1a dién moi Iy tuwéng c6 do
tham dién € = kr , v6i r = ban kinh huéng truc , k = const, va cuong d6 trudng
dién choc thung la E_,. Xdc dinh :

a) Vectd cam ding dién , vectd cuong dd truong dién trong dién moi ?
b) Pién dung cua tu ?
c¢) Pién ap choc thung U cua tu ?

(Bs: ayp = +Yab 7 p_ Yab 7
(b—a)r (b—a)r
b) C:27szab
b—a

d
U.=E_al1-2
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2.21 : Ty phang, hiéu th& U, giita 2 ¢6t tu la dién méi Iy tuwéng co : 5_| |1
g
=¥

€ = 2g,d/(2d - x) . Xac dinh vectd cuong d§ truong dién va U

dién dung cua tu ? N
0 d
®s: E-2Y (2d-x)i. . =253 )
3d 3d

2.22

Pién tich phan bo déu trong mdt qua cau ban kinh a, tim & géc toa do véi

méat d dién tich khéi p,. Tinh ning lugng trudng dién giy ra béi dién tich

khéi nay ?

_4zpea’
15¢,

(BS: W,
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(Cac bai toan dung anh dién)

2.23 : Hai truc mang dién véi mat do dai £ A, nim trong 'D )
khong khi, cach miit phang din vé han nhu hinh vé, d"" :

tim mat do mit dién tich tu do o tai di€m M cé toa I L‘EJ-I‘..

do x trén mét ph‘fing din ? khdng khi
hi e = EI:I

(HD: dung anh dién : i —E

v 4 777777777

d..l. il?l. vitdin
;Mx e_en E, =-E,sina+E_sinB+E,sinf—E_sina

h+d h h+d
————“%ﬁﬁ E =-E, +E ,——
o - X +(h+d)y en \/x +h2 \/x +(h+d)y
.;Iﬂ Khi E, = A
?Ui &y

= o, =D, =§E,

A h h+d
BS: o _;L%xz - (h+d)2+x2} )
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2.24 : Truc mang dién véi mat do dai A (H 2.24) , tim :
a) Lyc tac dung 1én don vi dai day din ?
b) Thé dién ¢(x,y) tai P ? (bi€t ¢(truc z (x = 0,y = 0)) = 0)
¢) Mat do o, tai x trén mat phin cach ?

¥ oA ¥ A
A :
AY . -ty sl
Pyl ey P i
N L L .
I i P i P
U T % I T S S I T
—— — —|—.—-—-.’. — A . ] " E:L 0 ]
IR e
H2.24 i
v, I
4! _ &~ &)

.oy F.=AE, =1
(DS: a) ~, Y 076 (2h) (6 + ) dneh

b) ¢,= A lnﬁ—l—(gl_gz) A lnﬁ
2re, v (g +¢&,) 2ne, 1

¢) Oy = _Ply + P2y - _(‘91 - go)Ely T (‘92 - go)Ezy =

E. = L— = .
b (2%? r  2rr r
=4, k1

2xr 1 &,

A, h A hjl (4, -4) 1
&, 2rr o1&,

)

Problem ch?

Ah ‘90(51 _‘92)
nr’ &g +&,)

(r2 :x2+h2)
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3.1: Tudién phﬁng , dién moi thuc,c6 :e=const, = p-------
o o L Y=2yd/(x+d),y,=const, tim: ey
a) J,E,P trongdién moi? ’ =
——————— ¥
b) p va p, trong di¢n moi thuc ? 0 Y
> 92U - 2¢U 2(g,—¢)U
DS: a) E=—(x+d)i: D)P="F 5 Py =
( ) 3d2 ( ) ) 3d2 lk 3d2
3.2: Tu dién tru , dién méi thuc, €, y = const , tim :

a)J ,E.,D, ¢ trongdi¢nmoi?

b) Dongro va R, cua tu ?
¢) Cong suit ton hao trén don vi dai ?
d) p va p, trong di¢n méi thuc ?

= 12 In(R,/R,)
. E = — 1, R = 2 !
BS: a) B2y R TRy D) M 2ayL
27y U’
o) p =" d p=0; p, =0
In(R,/R))
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3.3: Tu phang , dién tich cot tu S, khoang cdach d. Cot tu ndi

dat taix =0, tai x = d c6 th& dién U. Giita 2 cot tu 1ap day U
dién moi thuc c6 vy =1y, , € = 3g,d/(x + d) , vdi y, = const. | Y =
Tm: . b__.____._ W
a) p va p,, trong dién moi thyc ? . y >
b) Cong suat ton hao nhiét P, ?
3¢,U 2
DS: a) p= . > s Py =P b) P = 4 U_S )
(x+d) AN

3.4: Tu phing, di¢n méi thuc , & = 4¢,, v =7,.(1 + kx) , véi y,=

khoang cach d = 0,5 (cm), tim :
a) Thé& dién trong dién méi thyc ?

1019 (S/m); k = 20 (m), tu dit duéi dién 4p U = 200 (V), l_‘l """" u
£,

b) Mat dj dién tich ty do p trong dién moi thuc ? : y -
29,7 :
(PS: a) ¢ =2098,4.In(1+20x) b) p= = (uC/m’) )
(1 + 20x)
Problem_ch3 2
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3.5: Tu phing , dién tich c6t tu S, khodng cdch d, higu thé U, v |
dién méi thuc , € = g.(a + bx) ; yv=7y,(a +bx), (y, a, b = 2y |
X

const) , tim : o
a) Vecto cuong do truong dién ? : p -
b) Mat do khoi dién tich tu do va lién két ?
bU 1 = ~b’g,U 1
PS: a) E= i by p=0; p, =
( ) 1n(a+bdj(a+bx) : y 1n(a+bd)(a+bx)2 )
a a

3.6: Cap dong truc , ban kinh 16i R, =1 cm, vé R, = 4 cm, chiéu
dai L, hiéu thé U = 1 kV, dién méi thuc, c6 ¢ =4¢,; y=k.r,
véi k =101 (S/cm?) , tim :

a) E , B 0. P trong dién moi ?

b) Dong ro I, trén don vi dai ?

— - - 12 -
(DS: a)E _13337 i,(V/cm); D—471 9210 i.(C/cm?) b)
r N r ; [ =0,84(uA/cm)
471,9.107 354.107
p=-"PR (Clant) 5 py = (Clan)
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BAI TAP CHUONG 3

Cho phién din c6 hinh 1/4 vanh khén, ti€t dién chir nhat
, d0 day 1a h, do din dién : y =k/r, (k = const) , hiéu th&
dién gitta 2 diéncuc1va2la U. Tim:

a) Cuong do dong dién I ?

b) Mat d§ cong suit tiéu tan trung binh theo thé tich ? ‘
Apdung:a=8mm°b=10mm°h=0,3mm'k=56008; .
vaU=10V ’ ’ ’ 2 \ LT

(PS: a) 1= 2 l-lj=267,4(/1)
7 \a b

‘deV:

b) (p,) = 4 2kU2(1 1

— o =3,1510" (W /m®) )
z(b’a’) 7 bj W /m’)

1
Ve a
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BAI TAP CHUONG 3

Tu phang , dién tich c¢ot tu S, hiéu thé& U, 1ap day 2 16p
dién méi thuc (g, 7)) , (€ ¥,) » VOi €, €,, 74, ¥, = const , bo

qua hiéu @wng mép, tim :
a) Hiéu thé dién trén mdi 16p dién moi ?

b) Mat do dién tich mat ty do trén mat phian cach dmoi ? L d, i d;
¢) Pién trd cach dién cua tu ?
(DS: a) U, = dyy,U ; U, = dyy,U
(d,y,+d,y,) (d,y,+d,y,)
b) o= (&Y,-67,)U _ (d,y,*+d,y,)
cd ~
(dy,+d,y,) V1Y,
Problem_ch3 5
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3.9: Tu dién tru, dai L, gom 2 16p dién moi thuc, c6
€1,€,55Y15 Y, = const , tim :

a) J, E trongcacldp dién méi?
b) Thé dién trong méi 16p dién moi ?

c¢) Hiéu thé& dién trén mdi 16p dién méi ?
d) Pién tré cach dién cua tu ?

®S:a)1=1.-—»»Y 1y g »nU 1y g WU 1Y
c b)\r c b\r c b\r
7, In—+y, In— 7, In—+y In— 7, In—+y In—
a c a c a c
b) p,=— 219 1’
c b r
(yzlnﬂ/lln)
a C c b
U b (}/zln+yllnj
¢) U, = /1 In2 d R,- ¢ < )
’ c b) ¢ 27Lyy
(7/21na+]/llnc) 172
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3.10: Tu dién tru , ban kinh cét trong R, va cot ngoai R,, chiéu
dai L, dit dudi hiéu th€ dién U, dién méi thuc , cé y =1y, =
const , € = g(R,/r) , tim : dién tré cach dién, mat do cong
suit tiéu tin, mat do dién tich tg do va lién két (p, p,)
trong dién moi ?

1 R 2
(DS: Rcd = In 2 P, = > ZOU
2y, L R, r“In"(R,/R))
&R,U
P o SP=P )

7’ In(R,/R,)
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3.11:

BAI TAP CHUONG 3

Tu dién cau , ban kinh c6t trong a = 1 ¢cm, ban kinh cét
ngoai b = 5 cm, gita 2 cot tu 1a dién méi thuc cé v = k/r
vGi k =104 S. Dong dién ro chay qua dién mdi c¢6 cuong do
I=0,2 A, tim:
a) Phan b6 thé& dién trong dién moi ?
b) Hié¢u thé& dién U giira 2 cot tu ?
¢) Pién din ro cua tu ?

(PS: a) ¢=159In

5.107

r

b) 256,15V ¢) 7,81.104S )

3.12:

chay vao dién cuc c6 I =105 A. P din dién cua dat v
=5.102 (S/m). Tim :

& 0&m B

"

Pién cuc ndi dat hinh ban cau, ban kinh a. Dong dién i
I

a) Ban kinh a ctia ban cAu dé dién ap buée (U,;) cuc
daico U ., < 50V (49 dai buéc chan AB =0,8 m) ? ? v
b) Tinh dién tré ndi dat ¥ng véi cAua) ? hi

NN\

(DS: a) E:L%irzUABSUmaX:aZI,%m
2wy r

b) 1,63 Q )
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BAI TAP CHUONG 3

3.13: Tinh vecto cam ng tw tai O bi€t p=p, ?

o Ml Iy
DS: B - 2 z
( 4rra ( " ﬂ) 1 )

3.14: Tinh vecto cam wng tw tai O ?
(bi€tp=p, ; R=5cm
I=10A; aa=2n/3 ) I

Problem_ch3 9
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3.15: Loicapla tru dic, ban kinh a, mang dong
I phan bé déu theo tiét dién , va vo tru ,
ban kinh b , mang dong —-I phian bé déu  c4chaien
theo chu vi vo. Tinh vectd cam @ng tir tai '
cic mién ?

( bi€t p = @6 tham tir cuia 161 )

7 | L3i tru dic

®S: B= Tt <al: AL ta<r<bl00r > 07)
27a’ 27t

3.16: Loi tru dic, dai vo han, ban kinh a = 2 mm, mang dong véi vectd mat do khoi :

%
J=6r.1. (A/mz) ( r: ban kinh huéng truc)
a) Tim vecto cuong do truong tir bén trong va ngoai 16i ?

_)
b) Tinh rotH & ca 2 mién ?

2a°

(PS: a) H =2, 1¢[r<a]—1¢[7’>a])
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- —

3.17: Dong dién phan bo khong déu véi mat do dong J=J e 1. véi J, = const
theo thiét dién tron ban kinh a ciia vat din dic hinh tru rat dai va chdy vé
theo huéng ngugc lai trén mét miit tru din ban kinh b (b > a) , dong truc véi
hinh tru dan dic. X4c dinh phin bd ctia cudng do trudng tir trong tirng mién ?

PS: r<a: H = Toe [1+(r—1)er} 14
r
a<r<b: ﬁ:%[a—l+e'a]1¢

Problem_ch3 11
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3.18: Mobi trudng p = p, va vectd mat do 0

dong khdi cho trong hé tru : O<r<a

- -
J=49J,1: a<r<b
Tim vecto cam @ng tu trong moi
mién ? 8 8 ( \O b<r
0 r < a
- 2 -
(DS:B:<M(r—aji¢ a <r<b»d )
2 r
2 2N o
IUOJO(;) a )1¢ r > b
L r

=y s
3.19: M:t phang taiz=0 mang dong véi vecto matdd miit: J, =3.1, (1A/m)

%

M:it phang tai z = 0,2 m mang dong véi Vecto’ mat do mat : J2 =—-3.1x (4A/m)
Tim vecto cuong do truong tu trong 3 mlen ?

(0 z <0
PS:H={-3i, 0<z<0,2m (pA/m) )
0 z>0,2m
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3.20%: Cap dong truc, ban kinh 16i la a, ban kinh trong
cua vo la c. Gitta 16i va vo la 2 16p tir méi (c6 do
din dién biing 0) , tlep glap nhau theo mat tru
ban kinh b . bo tham tu lo’p thd nhiat (a<r <b)
la p, = const, do tham tir 16p thi hai (b<r < c)
la p, = const Dong dién chay trong 16i va vo
cung cudng dé I nhung nguge chiéu.

a) Tim vectd cam Wng tw, thé vecto trong m01
I6p t&t méi ? (Chon thé& vectd bing 0 trén bé
mat 10i) .

b) Tinh NL truong tu’ dién cam trén don vi dai cia cdp ? (Bé qua phan
niang lugng trong 16i va VO)

Myl ( Mol a
- - B, = A, ="—In—
(DS: a) B=B iy < Yo2rxr ! 27 r
- - I I
N A B2='u21 A2='u2 1 R Hi g b
: \ 2 r 2 r V4 a

( 2
b) Wi = 41 (,ulln2+,u21n
T
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3.21: Tim ®_ gbi qua 1 m chié¢u dai dudng
diay dién thoai do dong dién I = 100 A
taora?

(bi&t p = )

I=10024

(PS: 4,7 (uWb) )

3.22: Tim hé cam M giita 2 diy din mang dong I ngugc *"'*I
chiéu va khung day N vong ? Tim sdd cam d@ng u(t) *--d---p
néul=1_cos(wt) ? (bi€tp=yp,) I+ B-a-9-C ¥l
MNvdng -l-
L -ull:lj
DS: ) = U, Nb In d+a T
7 da & [ O
u(t) = oMl sin(ot)

Problem_ch3
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3.23: Cap dong truc, ban kinh 15i 1a a, ban kinh v 1a b. Giita 16i va vé la 16p dién
mdi dong nhit (y = 0, € = const, p. = const) . Hiéu thé& dién giita 16i va vo 1a U,
dong dién chay trong cap co cu’o’ng do I. Tim:

a) Pién dung C,, dién cam L, cua 1 m cap ?
b) Cong suit dién tir truyén qua ti€t dién (a <r < b) cia cap dong truc ?

27E

BS:a) Co=1 v

. L,=2“In(bla) b) p=UI )
27

3.24: Hai miit tru dong truc , kich thuéc nhu hinh vé, mang
dong I ngugc chiéu. Tim : I
a) Nang lugng truong tir , dién cam trén don vi dai ?
b) Luc tu tac dung lén don vi dai mét tru ngoai ?

2
I b b
(DS: a) w —ﬂ—ln—; Loziln—
47 a 2r a
b) F—ﬂ12>0 )
’ 47b
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3.25%: Ong tru 2 16p kim loai : y, = 30.10° (S/m) , y, =
57.106 (S/m) , dong truc véi: a=3 mm, b =6 mm ,
c=9mm.

Tim cudng do trudng tir trong cdc mién ?
(HD: Co6 J,, J,=const va J,/y,=J,/v, )

PS: 0<r<a: H =0
2
4 a A
a<r<b: H,=28,4510"| r— (—)
r o) m

[7,68+53,75.10°(r* —b*)] , A4

b<r<c: Hj (—)

r m
31,83 A
c<r: Hy = (—) )

r m

Problem_ch3 16
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3.26%: Cho ong tru va mit tru dong truc dai vo han, dién
moi gilra Ong tru va miit tru ¢6 do thAm tif p,, dng tru
c6 do tham ti pyu . Dong dién khong ddi cudng df I
chay ngugc chiéu trén éng tru va mit tru va phin b
déu. Tim:
a) Cuong do truong tu trong toan khong gian ?
b) Niang lugng truong tu tich liiy trong 6ng tru va
trong dién moi trén don vi dai ?

¢) Pién cam trong va ngoai trén don vi dai ?

DBS: a) |o 0O<r<R &r>R, b)
I(r’-R?) u,I” R
H= 4 ——— R, <r<R, W, 0 In—2
2z1(R2-R7) -* 4z R,
! R, <r <R,
27t
ot I’ R3-R} 22 p2 s R
Wy = e —-R{(R;-R})+R/In—=

4r(RZRZ) L4 R, ])
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S
Thié&t 14p cdc phuong trinh sau diy d6i véi B , E trong méi truong dan dong

4.1:
nhit , dang huéng véip,, =0 :
, 2 - , 2 —
- 0" B 0B - 0" E OE
AB-ey—-yu—=0 , AE-eu——yu—=90
ot ot ot ot
4.2: Séng phang don siic , tin sé 106 Hz, truyén trong méi trudng khong nhiém tur

(L= ) , v6i hé s6 truyén (0,04 + j0,1) . Tim :

a) Khoang ciach ma trudng bi tit dan e 1an ?
b) Khoang cach ma pha bi léch n?

¢) Khodng ciach séng truyén trong 1 ps ?

d) Tisé bién d) gitra trudng dién va trudng twr ?
e) Goc léch pha giita truong di€én va truong tu ?

(BS: 78,54 m ; 31,42 m; 62,83 m; 73,31 ; 0,1217 )
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BAI TAP CHUONG 4

4.3 : Séng dtir phang don siic trong méi truong (y =1[S/m] ;& =36 ; p. =4) cé

t¢ cudng d¢ trudng dién: —ax i
veeo CHonE G TR TR B (%, 1) = 1006 cos(10”. 7.t — Bx) i .[V / m]

Tim o , B va vecto cuong do truong tu ?

(bS: §7,2 [Nep/m] ; 138 [rad/m] R
H(x,t)=-0,95¢ " cos(10°.w.t — Bx—22,5")i,[4/m] )

4.4 : Cho truong dién cua sdtpds trong mtruong p =, :
E(z,t) = Eje” cos(27.10°t —22)i [V / m]

Tim:

a) K,Z:vavecto cudng df trudong tu ?

b) Vecto Poynting trung binh ?

E 2.e2z —
cos(27°).i,

(DS: a) 1+ 23 3,6£27°Q  b)<P>=

Problem_ch4 2
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4.5 : Séng phang don sic truyén trong méi truong khong nhiém tir p = u, theo
phuong +z, ¢6 vecto cuong do truong tu :
— —
—7 7 .
H=0,l.e " cos(67.10 .1 —\/;Z) 1y [A/m]

a) Tim cong suat tirc thoi giiqua 1 m?2taiz=0,t=07?
b) Tim cong suit trung binh gii qua 1 m2taiz=0?
¢) Tim cong suit trung binh gii qua 1 m2 tai mit phangz=17?

(DS: 1,026 W ; 0,513 W; 0,069 W.)

4.6 : Séng phang don sic truyén trong nudc (y = 4 (S/m), € = 80, , 1 = b, ,theo
phuong z , cuong d§ truong diéntaiz=0:

_>

E =1co0s(5.10°.77.t) i [V/m]

Tim mat d) dong cong suit dién ti trung binh ( 1a do 16n cua vectd Poynting trung
binh ) ctia s6ng phang ?

(DS: <P>=1,592.e1:256z cos(t/4) W/m?2.)
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4.7 : Song phang don sic truyén theo chiéu +z, trong méi trugng (y=3.103S/m, ¢
=3gy, L= L,y) K c0 vecto cuong do truong dién :

E(Z =0,¢) =100.cos(3.10".t + 60° )1x [V/m ]

Tim : a) Hé sé truyén, trd séng, van toc pha, buéc séng ?
b) Vecto Poynting tic thoi, trung binh , phiic va mat dd ning lugng dién
tu trung binh taiz=0,5m ?

®S: a) [ =0,212+ /0,274 [m "' ]; Z. =109.£37,5° [Q]
v, =10,95.10" [m/s]; A = 23 [m]

-

b) P = | 28, 3+35 ,75c0s(6.10".1 + 66,78 )]iz[W/mz]
< P>=283 . [Wm’]; < w>=2,577.10" [J/m’] )
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4.8 : Lo vi ba cé f = 2,45 GHz, 6 tan s6 nay nuéc hap thu manh NL dién tir va chuyén
vé dang nhiét d& 1am chin thitc dn. Gia si mi&€ng thit nim giia 16 cé :

€ =g, (40_j20)§ L= U,

a) Timy va hé sé truyén K cia thit ?
b) Gia st miéng thit day 3 cm , tim d§ suy hao cong suit (dB) giira mit trén va
duéi ciia miéng thit khi séng dién tir di qua né ?

(PS: a) 2,72 S/m; 78,84 + j334 b) 20,5 dB)

4.9 : Song dtu phflng don sic trong méi trudng (y = 0 ; e.=1;pn.=1)co vecto
uong do truong dién: o
cuons CoMUONe AN £ = 3,77 cos(67.10° 4 + 272 y)i. (V / m)

a) Tim tan sé f, buéc séng A va huéng truyén séng ?
b) Tim vectd cuong do trudng ti cua séng ?

(DS: a) fﬁ= 300 MHz; A = 1m ; huéng -y N
D) H(y,t) =-0,01co8(67.10° 1 +27y) i (4/m))
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4.10: Séng dién tir truyén trong khong khi c6 vectd phifc cudng do trudng dién :

E = (—\/5 —jéjiﬁ l—jg L 30, | ) )

a) Chiing té d6 1a séng phang don sic ?
b) X4c dinh huéng truyén séng , buéc séng, tan sé séng ?
¢) Tim vecto bién do phitc cuong do truong tu ?

(PS: a) Mit dong pha 1a mit phing \/gx +3y+ 2z =const
b) Séng truyén theo vects i = %(\/g 1x+31y+2 izj
A =25[m], f =12 [MHz]
c)

- 1 -0, 027z \/_X+3y+2z)
H SA0m {( 1+J2\/_)1X+(—\/_ 32)1y+2\/§12} [A/)m]
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4.11 :Song dtw phflng don sic trong méi trudng dién méi 1y tuéng (e,=1;p.=1)co

td cuong d trudng dién: i
veeo cions o HOne 0 E(2,1) = 50 cos(w.t — Bz) i [V I/ m]

Tim cong suit trung binh truyén qua dién tich hinh tron , ban kinh 2,5 m ;
nim trong mit phang z = const ?

(BS: 65,1 W)

4.12 :Séng dtir phang don sic truyén trong méi trudng dién moi ly tuéng (e,=1;np,
=1) theo huéng -z c¢6 hé s6 pha : 30 (rad/m). Bié€t cudng do trudng ti¥ cia song
c6 bién do : 1/ (3nr) A/m va huéng theo chiéu -y. Tim : buéc séng , tan so ,
vectd cuong do trudng ti va vecto cuong do truong dién ?

DS: A =7n/15 (m) ; f=4,5/n (GHz)
L c0s(9.10°.t+30z) i, (A/m)

¥4

ﬁ(z,t) = —

E(z,¢) = 40cos(9.10°.4 +302)i. (V/im) )

Problem_ch4 7




BAI TAP CHUONG 4

4.13 : Séng dtir phang don sic truyén trong méi truong dién méi 1y tuéng ( € = const,
n =Y, ) co vecto cuong do truong dién :

E(x,7)=10cos(272.10¢ —0,1z.x) i, [V/m]

Tim vectd cudng do trudng tr va vectd mat do dong cong suit dién t trung
binh ?

(BS: H(x,?) - 1872_008(27&1071—O,lﬂx);z[/l/m] <P >= %ﬁ;x [W/m®] )

4.14 : Séng phang don siic truyén trong dién méi ly tuéng (& = 2,255, , u = 1, ) €6
vectd cuong do truong di€én :

E(z,t) =10sin(37.10°.t — Bz)i.[V /m]

Xacdinhf, B, v, Z va vecto cuong d truong tu' ?

(PS: 150 MHz ; 1,57 rad/m ; 2.103 m/s ; 80n Q .
H(z,¢) = L sin(37.10%¢ — fBz) i, [am] )
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4.15 : Séng dtir phang don sic trong dién moi ly tuong (1. = 1) c6 vecto cu’o’ng do

truong dién :
E =10.5in(27.10%.¢ — 72) 1x+ 10.cos(27.10%t — wz) i, [Vim]

Tim : a) Phan cuc cta séng phang ?
b) Phueng chiéu lan truyén cda séng, tin sé ©, hé s pha B, van téc pha
v,, budc séng A , tré séng Z, cua mdi trudng ?
¢) Vecto cuong dj truong tu va vects Poynting trung binh ?

(PS: a) Phan cuc tron — trai.
b) Chiéu +z; 27.10% rad/s ; = rad/m ; 2.108 m/s ; 2 m . .

OH =—_cos(27.10".t = 72) i+ o sin(27.10°.f — 72) i, [Am]

10 .
<P>=_—i.[wm?] )

Problem_ch4 9
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4.16 : S6ng phang don sac truyén trong dién méi ly tuéng ( € = const nw=py,),co
%‘If.“gt“ H(p,1) = sin(z.10°4 — 0,027,y — 45°) i .[ 4/ m]
a) Tan so , budc sé6ng, van téc pha, do tham dién tuong doi g.?
b) Phuong , chiéu lan truyén cia séng ?
¢) Vecto cuong do truong dién ?
d) Vecto Poynting tdc thoi ?

(BS: a) 0,5 MHz; 100 m; 0,5.10° m/s ; 36 . ¢) E 207 sin(.10°.£ =0 ,0277.y —45° )1Z [ Vim]
b) phuong +y. d) P 207z sin’(7.10°t —0,0277.y —45°) 1, [win’] )

4.17 : S6ng phing don sic truyén trong dién méi Iy twéng ( € = const , u = i, ) theo

phuong va chiéu duong truc x, ¢c6 A = 25 cm, v, =2.10° m/s . Cudng dj truong
dién c6 bién do 100 [V/m]va song song véi truc z .

a) Xac dinh f va do thAm dién tuong doi ¢, ?

b) Tim vectd cuong dj truong dién va truong tu ?

(DS: a)f 800 MHz, ¢_ = 2,25.
b)E(x t) =100 cos(l,67.10° t—87zx+g01)z v/ m]

H(x,t) = —0,4cos(1,67.10°.t — 87 x + @,) i [A/m] )
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4.18 : Séng phang don sic , tan sé 50 Mhz, lan truyén trong dién méi Iy tuéng (y =0
,€.=3,n.=3).Cho mat do dong cong suit dién tif trung binh cé gia trila 5
[W/m?] .

Tim:v, ,A,Z., gia tri hi¢u dung cua cuong do truong dién va trudng tu ?

(bS: 1083 m/s; 2 m; 377 Q; 43,4 V/m; 0,115 A/m )

4.19: Séng phang don siic , tAn sé6 2 MHz, truyén trong dién méily tuéng (y=0, ¢ =
de,, =91, ), co vecto Poynting trung binh la : v 2
0’ 07 0,41:[Wm']

a) Tim hé so tiat dan, hé sé pha, tré séng, van toc pha , buéc sé6ng ?

b) Biét tai z = 0, pha ban dau ctia cudng do trudng tir 1a 60°, vecto cudng do
truong di€n song song truc x, tim vecto cuong do truong di€én va truong tu ?

(bS: a) 0; 0,087 rad/m; 180x Q2; 5.107 m/s; 25 m.
)E E, cos(w.f — ,Bz+600)1x By = L1 1/ &,
H = H, cos(w.t — ,Bz+60°)1 JH, =0,73Y &,/ 1ty )
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4.20 : Séng phang don sic truyén trong méi truong din tot 1a dong ( y = 5,8.107
[S/m] ,e=¢,,u=1,). o
Tim:A,Z, , AL, (v0OiA,: budc song trong khong khi vdi cung tan so) theo
tan so f ciia s6ng phang ?

(PS: A:O’O66;Zc=3,69.107@4450(9);%:1,4.109 f )

JE

4.21 : S6ng phang don sic , tan sé 1,5 MHz, truyén trong iz
khong khi (chi€m mién z < 0) theo phuong +z dén ‘
vudng goéc véi bé miat moi trudng din tot (chi€ém mién
z>0)co (y=61,7.10° [S/m], p =, ) , c6 truong dién :

— —
E(z=0,¢)=sin(2.zf£) 1, [V/m]
Tim vecto cuong do truong tu ?

®S: H(z.1) = -2,28.10% “ sin2x £ Bz —45°) i .[A/m]
o =B =1,91.104 [m!] )
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4.22 : Séng phang don sic , tin so 10 kHz, truyén trong
khong khi theo chiéu +z t6i vudng géc véi miit bién (
Yy=4[S/m],e=81g,,n=1,).

Tim cong suit tiéu tdn trung binh trong thé tich nuéc
bi€n c6 dién tich S = 1000 (mm?), d§ sdu 5A ? (biét
bién @0 trudng dién tai mit nuéce bién la 100 [V/m] )
(HD: dung cong thuc : PJ _ % IV 7/Ei1 . 202 117 )

(DS: 25,2 W )

4.23 : Truong dién cla séng phang: F = Eoe_az 005(677,1()3,1‘ — ﬂz) i .[V/m]

truyén vao nuée (y=4[S/m],e. =81,u. =1). Tim:

a) Hé so tit dan, hé so pha, buéc séng, vin téc pha, tré séng va do xuyén sau ?
b) Tim E, ( gia tri truong dién tai mat nudc , z = 0) d€ truong dién tai do sau
100 m Ia 1 pV/m ?

DS: a)a=p=0,218 ; 28,8 m ; 8,65.10* m/s
0,077£45° (QQ); A=4,59m

b) E,=2935 (V/m) )
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4.24 : Séng phang don sic , tAn sé 400 Hz, truyén t6i vuéng géc véi man chin dién tir
day d = 6 mm, y = 5.10% [S/cm] , p = 300y, , € = g, . Bi€t cuong d) trudng tr tai
mit ngoai man chin 1a H, = 10.sin(wt + 20°) A/cm. Tim :

a) Gia tri tdc thoi vectd Poynting tai do xuyén sdu A ?
b) Trudng tir suy giam bao nhiéu lan tai giita man chin ?

(bS: a) ;’(Z =A,1)=2,08-2,95.cos(2.c0.t — 29, 60);z[mW/cm2]

4.25 : Truc mang dong hinh tru dic, dudng kinh d = 4 mm, y = 5,7.107 S/m. Tim R, (dién
tr§ 1m chiéu dai) doi vdi tin hiéu DC va tin hiéu AC tan s6 1 GHz ?

(PS: Ry =0,0014 O/m ; Ry, = 0,662 O/m )
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5.1%: Tim trudng dién va trudng tir tai diém co6 toa do (5,7/6,0) trong hé toa do cau
bi€t nguyén té anten thang cé chiéu dai l1a 0,1 m , dit tai goc toa dd, nim

trung truc z, mang dong 10cos(27.107t) A ?

®S: Hy = 0,0023/ —13,7° [A/m]
E,=2,8739£-103,7° [V/m]
Eo =0,60252 54,7 [V/m]

5.2%: Nguyén té anten thang , dai 1 cm , mang dong bién do phidc 10.230° (A) , bude
song 3 m. Tinh bién d¢ phuic truong dién va truong tu tai P(r,0,¢) vdi : 0 = 45°;

r = 10 cm. Tinh ti so bién do Ee/Er;Ee/H¢ taiP ?
®S: Hy =0,575229,8° [A/m]
E, =2069,74 -60,2° [V/m]
Eo =991,4/ —59,6° [V/m]

Yo _ 0,479 Ee 1724 6107 )

E H,

r
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5.3: Moi trudng cé p = p,, tim vectd phifc cuong do trudng tir néu bi€t the vecto
tai diém P cua bifc xa dién tif c6 dang :
. e jkr .
A = i [Wb/m]

r
(r : khodng cédch tir di€m P dén goc toa do)

s, < £, L)
W, kr
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5.4: Gidilai bai 5.2 v6i : 0 = 45°; r = 10 m. Nhan xét két qua khi dung cong thic cho
mién xa ?

®S: Hy =1,18.10°2-2,7° [A/m]
E, =0,0425/-92,7°[V/m]
Eo =0,444/ —2,7° [V/m]
EH E9

E

- 10,45 ; = 376,3[Q]
r H¢ )

5.5: Tim bién d§ dong I d€ nguyén té anten thang cé chiéu dai £ = A/25 , dat
trong chan khong , tao ra trudng tw cé gia tri bién do 1a 5 [uA/m] tai khoang
cich2km,0= n/2 ? Cong suit bifc xa s€& 1a bao nhiéu ?

(DBS: 0,5A ;158 mW )

3
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5.6: Nguyén té anten thiang , dai £ = 20 cm , mang dong diéu hoa c6 I_ = 0,1 A, tin
s0 15 MHz, méi trudng xung quanh 1a khong khi.
a) Xac dinh bién d¢ truong dién , bién d) truong t va tri trung binh vecto
Poynting tai P(r,0) v6i : 6 =90°; r = 1 km.
b) Xac dinh R, _, P, cua anten ?

(BS: a) E_=188,5[uV/m] ; H_=0,5[pA/m].
b) R, =0,08 [Q] ; P, =0,4 [mW] )

5.7: Anten thang, dai{ =1 m, mang dong diéu hoa cé I_=1A,tan sé6 3 MHz, méi
truong xung quanh la khong khi.
a) XacdinhR, ,P, cuaanten?
b) Anten thu la doan diy din dai 1 m ,dinh huéng song song véi trudong dién
bdc xa, cach anten phat 50 km theo huéng cuong do bic xa cyc dai. Xac dinh
bién do sic dién dong cam @ng trén anten thu ?

(BS: a) R, =0,08[Q] ;P =0,04 [W]
b) 37,7 [uV]. )
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5.8: Anten thang , dai £ = 10 cm , mang dong diéu hoa cé tan sé f = 30 MHz, méi
truong xung quanh 1a khong khi. Tai di€m M c6 toa dd : r =100 m , 6 = 90°, ¢ =
30°, vecto Poynting c¢6 gia tri : 5.10-3.cos?(wt - 30°) [W/m?].
a) Xdc dinh gia tri tic thoi cua dong dién trong anten ?
b) Xac dinh tri so tdc thoi clia truong dién va truong tu tai di€m M ?

(DS: a) 73.cos(ot -120°) A b) H¢(t) = 3,64.cos(m.t - 30°) [mA/m]
Ey(t) =1,37.cos(w.t - 30°) [V/m] )

5.9: MBoéi trudng khong khi, § mién bifc xa (mién xa) , vectd phifc cudng do trudng

dién c6 dang : 10,2001
- e ’

E = sin O.i) [V/m]
r

Tim cong suit bifc xa ?

(bS: 1/90W )
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5.10: Cudng do trudng dién trong mién bifc xa cia mét anten dit trong khong khi
, tai gbc toa do cau c6 dang :

— E. sin@.cos@ g
E = o> 0-C08 cos(wt—k.r) ia

r

E,, ®, k = /v = const.

a) X4c dinh vecto cam dng tU gin véi trudng dién trén ? (HD: dung hé
phuong trinh Maxwell).

b) Tim cong suit bitc xa tifc thoi, cong suat bifc xa trung binh cta anten ?

(BS: a) B = Eyk.sin0.cos0 COS(COZ‘—]G")._{(»
wr
2
b)P, = S7RES cos (et —kr)

15u,w
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5.11: Tim cong suit biic xa P, va do dinh huéng D bi€t cudng dd bic xa cua biic xa
dién tw c6 dang :
a) A;sinO. (Ay=const;0<0<m)
b) A,sin?0.(A,=const;0<0<m)

(DS: a)Agn?;1,27 .b)8A/3 5 1,5 )

5.12: Tim @6 dinh huéng D bi€t cudng do6 bic xa chuin clia bic xa dién tir cé biéu

thic :
1 (0<6<30%)
sin® (0<@<x/2 0 (30°<06<75%
a)u_(0,9) = ( ) b)u_(0,9) =+ ) ]
0 (m/2<80<r) 0,2 (75° <6<105°)
0 (105" <0<180°)

(BS: a)3 ;b)842 )
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BAI TAP CHUONG 5

Anten thang dai £ = 30 cm, mang dong I(t) = I _cos(2m.107t) A dit trong khong

khi tai géc hé toa do cau, song song truc z. Cho biét tai di€m M( r = 3 km, 0
0 e ° N 2 . S . _.)

= 30° ) gia tri trung binh cua vecto Poynting bang : 0,051, [mW /mz]

a) Xac dinh I_, gia tri titc thoi cua cuong do truong dién , trudng tur tai di€m
M?

b) Tinh cudng dp bifc xa chuan u, (0) trong huéng 0 bat ky ? Suy ra d§ dinh
huéng cua anten ?

¢) Tinh cong suit bitc xa cua anten ?

d) Tai M dit 1 anten thu la 1 doan day din thang dai 30 cm song song truc z.
Tinh bién d6 sdc dién ddng cam @ng trén anten thu ?

(PS: a) I =618 A
H¢(t) = (0,515.cos(2r.107.t + 90°) [mA/m]
b) u,=sin’0; D=1,5.
¢) P, =15kW.
d) u=29,1 [ mV] )
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5.14: Méi trudng khong khi, § mién bifc xa (mién xa) , vectd phifc cudng do trudng
dién c6 dang :

B 100I_cos*0

: e ™ i [V/Im] (0<0<7/2)

a) Tim cuong do bic xa u(0, ¢) ?

b) Né&ul_ = 1A : Tim cong suat bic xa P, ? Tim dién tré bic xa R, _va d¢
dinh huéng D ?

DbS: a) 132631 2cos®0 b) 9,259W ; 18,518Q ;18 )
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5.15: Mot anten mang dong di€u hoa bién dj I_, c6 cudng do bitc xa :

41; sin” 0.cos” ¢ [W/sr] khi (0<0<7%)

u(d,¢) = ; (0<¢ <27)
0 khi (7 <80<nr)

Tim :

a) Cong suit bic xa theo I ?

b) Pién trd bic xa va do dinh huéng ?

¢) KhiI_=2 A, tim mit d§ cong suat bic xa theo huéng cuc dai tai diém
M (r =1 km) ? Bién d6 cuong dd truong tu tai M ?

(PS: a) P, =8,38I 2.
b) R, =168[Q],D=6.
¢) P =16[pW/m?],H_=291[pA/m].)

r(max)
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6.1:

BAI TAP CHUONG 6

Cho 6ng din séng (ods) hai bing song song, canh a = 3 cm , xac dinh géc phan
xa 0, A, cho cac truong hgp:

a)f =6 GHz ; mode TE,, .

b) f =12 GHz ; mode TE,, .

¢) f =12 GHz ; mode TE,, .

(DS: a) 33,56°; 9,045 cm; b) 65,38°; 2,75 cm; ¢) 33,56°; 4,523 cm.)

6.2:

Ong din séng hai bang song song , 1ap ddy biing dién méi (¢ = 2.25¢, 5 u =, )
khodng cdch a = 3 cm . Xdc dinh cdc kiéu truyén (TE_,) khi dugc kich thich &
tansé 9GHz. Tim A, £, 5 Bos Ao s V

mo °

(D S: 7“th fth B m0 7“m0 VmO )
TE,, |6cm |33G (2626 |24cm |2,16.103
TE,, [3cm |6,6G | 190 33cm | 2,97.108

6.3:

6ng dan séng chit nhat , bén trong la khong khi, kich thuéc axb = 3 in. x 1,5 in.
Tim cdc tan sé t6i han cho cdc kiéu truyén : TE,,, TE, , TE,, , TE,, ? Tim
khodng tan s kich hoat ods dé cho phép duy nhat ki€u truyén TE,, trong ods ?

(DS: 1,97 GHz, 3,94 GHz, 4,4 GHz, 3,94 GHz . 1,97 GHz < f < 3,94 GHz.)
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6ng din séng chit nhat , bén trong 1a khong khi, kich thuéc axb = 2,29 cm x 1,02
cm , truyén tin hi¢u tai tAn s6 10 GHz , kiéu TE .. Tim A,,, Byy> V1o ?

(bS: 0,0397 m ; 158,3 rad/m ; 3,97.103 m/s .)

6.5:

Ong din séng chif nhit , bén trong la khong khi, tim khoang tin s& kich thich
ma & d6 chi cho truyén duy nhat kié¢u séng TE,,. Biét kich thuéc ods (axb) :
a)8.6dcmx4.32cm; b) 2.29 cm x 1.02 cm; ¢) 0.71 cm x 0.36 cm.

(PS: a) 1,74 GHz < f < 3,47 GHz.
b) 6,55 GHz < f < 13,1 GHz.
¢) 21,13 GHz < f < 41,67 GHz.)

6.6:

Cho 6ng din séng , canh a = 3 cm , dién moi € = 4e,y; 1 = Y, Xdc dinh tré séng
cho cac truong hgp:
a)f=3 GHz ; kicu TE,,; b)f=6 GHz ; ki€uTE,.

BS: a)341Q; b)2074Q.)
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6ng din séng chif nhat , bén trong la khong khi, kich thuéc axb =2,3 cm x 1 cm
, Xdc dinh tré séng cho cic trudng hgp:
a) f=10,6 GHz ; kicu TE,; b) f =18 GHz ; kiéu TM,, .

BS: a)478Q; b)157Q.)

6ng din séng chit nhat , bén trong 1a dién moi € = 2,25¢, , kich thudc axb =5
cm x 2,5 em , duge kich thich ¢ tan s6 f = 5 GHz. Xdc dinh B ; A 5 v va Z_ cho mdi
ki€u truyén séng ?

(bS: TE,, ,TE, ,TE,, , TE,, ,TM,,.

Biun A \% 7

mn mn

TE,, |143,8 [4,37cm |2,18.105 m/s |274,5Q
T™,, [70,25 |8,94cm |4,47.10° m/s |1123Q | )
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6.9: Séng TM , tan s6 6 GHz, truyén trong 6ng din séng chit nhat , bén trong la
khong khi, kich thuéc a = b . Tim khoang gia tri ciia a dé chi c6 ki€u truyén
TM,, trong ods véi hé sé an toan 1a 20% .

DS: 424cm<a<4,47 cm)

6.10: 6ng din séng chir nhat , kich thuéc a = 10 cm, b = 5 cm, bén trong 12 khong khi
, lan truyén ki€u séng c6 vecto cuong do truong dién:

E =E, sin(407y)cos(187.10°t — 204/5 zZ) 15 [V /m]

trong do E, = const , y, z tinh bing mét. Xac dinh :
a) Tén ki€u séng , tan so tGi han , van téc pha va buéc séng trong ods ?

b) Vecto cam dng tu ]S(t) ?
(PS: a) Ki€uséng TE,, ; 6 GHz ; 4,025.10° m/s ; 4,47 cm
b) Tinh 2 : I
) Tinh 5 _ s, sin(407y)cos(187.10°.t — 20\/5.72'.2} i,

(0

+ 470 0o5(4072 ) sin(187.10%.¢ — 207/5.7.2) 1 -

w
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6.11: Ong din séng hinh vudng , canh la a . Chiing minh riing n€u ¢é budc séng A

thoa diéukién: A A
—<a< —/—

2 V2

thi trong ods chi c6 thé truyén di ki€uséng TE,, va TE,, .

6.12: Ong din séng chif nhat , kich thugc : axb = 3 x 1,5 em, 14p ddy khong khi, kich
hoat 6 tan s6 12 GHz .

a) Tim céc kiéu séng cé thé truyén trong ods ?
b) Gidilai cAu a) n€u ods 1ap day dién méi ly twdng (u.=1;¢.=4) ?

(DbS: a) TE (10, 20, 01, 11) ; TM,,
b) n=0 & m = {1,2,3,4} ;
n=1 & m={0,1,2,3,4} ;
n=2& m={0,1,2))
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6.13: 6ng din séng chit nhat , bén trong la khong khi , bon thanh bén nim tai : x =
0,x=a,y=0,y=a.Séng dién tir lan truyén trong dng din séng cé :
e a 7 3z : g
H = O'B s1n( y) cos(w.t— p.z)1,+H,cos(—y)sin(w.t— f.z) 1:
a a

trong do : H0 ,®, = const.

a) X4c dinh vecto dong miit trén cdc thanh x =0, y = a cia ng din séng ?
b) Cho cong suit trung binh truyén trong éng din séng la P,, tinh H, theo P,
2,0, B ?

(DS: a) J.(y=a) = H, sin(@i— B.2) i

H - 6 W&, P,
b) 0 a ﬂ(9772+a2,32) )
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6.14: Kiéu séng TE,, tan s6 f = 7 GHz truyén trong ods chit nhit , bén trong la
khong khi, kich thuéc axb = 2,29 cm x 1,02 cm , xac dinh :
a) Tan so t6i han, hé so pha, van toc pha, buéc séng trong ods ?
b) Céng suit trung binh truyén qua ti€t dién ods ? Cho bié&t bién do cuc dai
cua truong dién la E_ = 1000 V/m.

(bS: a) 6,55 GHz ;51,7 rad/m ;12,1 cm ; 8,5.1083 m/s .
b) 54,6 mW )

6.15: X4c dinh cong suidt trung binh truyén qua ti€t dién 6ng din séng hinh vuéng ,
canh a , bén trong 1a khong khi, ki€u séng TE,, , c6 tan s gap dbi tan so tdi
han ? Biét bién d§ cuc dai cia cdc thanh phan E_va E, la 100 V/m.

(BS: 5,743a%)

6.16: X4c dinh cong sudt trung binh truyén qua ti€t dién 6ng din séng chir nhat ,
kich thuéc axb = 4,75 cm x 2,2 cm , ki€u séng TM,, , ¢6 tan sé f = 10 GHz ? Biét
bién dd cuc dai ciia thanh phan doc cudng do trudng dién E, =510 V/m.

(bS: 10124 W)
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6.17: Xdc dinh mat d¢ dién tich mit o trén cac thanh ods, tiét dién axb, kiéu séng
TE,, tin s6 « ? Bi€t thanh phan doc cda cudng do trudng tit (H)) c6 bién do
cuycdaiH, .

BS: ox=0=0(x=a)=0

o(y=0)=—0(y=b) =2

H,sin (E) sin (a)t - ,BLOZ))
a

6.18: Xic dinh vectd mat do dong mit trén bé miit cac thanh ods, ti€t dién axb, kiéu
song TE,, tAn s6 ® ? Bi€t thanh phan doc cudng dp trudng tr (H,) c6 bién do
cucdai H, .

®S: Js(x=0)=-Js(x=a)=-H, cos(a)t—,Bl’oz) 1y

Ts(y=0) = — Js(y=b) = Prod H, sin (ﬂj sin(wt — f,,2) i
T a

TX

<
+H,cos| — cos(a)t—ﬁmz)lx
; :
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6.19: 6ng din s6ng chit nhat , bén trong la khong khi , kich thuée : axb = 3x1 cm.

a) Timf, ctia 4 ki€u séng dau tién ?
b)  Tim biing thong cta ki€u co ban ( ki€u séng c6 f,;, bé nhat ) ?

¢) Probe tao séng TE,, c6 tan sé f = 1,5f, cia kiéu cd ban. Tim khodng
cach tinh tif probe dé séng suy hao 100 dB ?

(DS: a)5SGHz; 10GHz; 15GHz(2 modes) b)5<f<10GHz ¢)3,95cm))

6.20: Ong din séng chif nhat , kich thuéc axb = 2,54 x 1,3 cm, 14p ddy dién méi
thuc : - .
’ w=p,;E€=¢,(50-j0,2)

a) Timfy, cia ki€u TE , khi gan ding &=>50¢g, ?

b) O ki€u séng nay , tim hé so tit dan do dién moi thuc o, vOi tan sé kich
hoat f =1,25.f, ?

(DS: a) 8,35.103Hz b) 0,515 Np/m )
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6.21: Ong din séng chif nhit , bén trong la khong khi , bon thanh bén niim tai : x =

0;x=a;y=0;y=Db.Séng dién tir lan truyén trong éng din séng cé :
- 27 —
E =E,sin(—x)cos(w.t—f.z) 1,
a
trong dé : o 1a tan sé gobc, E,va = const .
a) Cho biét tén ki€u séng ? Xac dinh H(t) ? Chitng t6 : B° = w’g i, —
Suy ra diéu kién dé séng truyén khong bi tat ?
b) Tinh cong suit trung binh truyén qua tiét dién 6ng din séng ?

47r2

(DS: a) TE,,

H(t):—'BE . 27 > 27E, 21

L sin(— x)cos(wt — Bz) 1 x—
oL, a amL, a

Lireal < >0 0> 27

CAVEYh

b) ,BEzab 2
<P( )> 4o, - )

_)

L cos(— x)sin(wt — Bz) i

Problem_ch6
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6.22: Cho hyp cong hudng , canh a =b = ¢ = 2,5 cm, lap day béi dién mdi c6 ¢ = 4¢,,
L =, . Xdc dinh 3 tan so cong hudng bé nhat ? Va cho bi€t kiéu truyén ctia
mdi tan sé ?
bS: £, =424GHz:kiéu:TE,, ,TE,, ,TM .
fosey =52 GHz:ki€u:TE;; ,TM,,,.
fose3 =67 GHz:Kki€u:TEg, ,TEy, ,TM,, ,
TE g, 5 TEyy , TMyy, .

6.23: Cudng d¢ truong dién ciia mot kiéu dao dong (m =1, n = 0, p = 1) trong hop
cong huéng (HCH) hinh chit nhit , bén trong la khong khi , kich thudc
(axbxc) co dang: T T -

E =E_sin(—x)sin(—z)cos(w.t) 1,
Xac dinh: a &
a) Tong dién tich tu do trén mdi thanh ciia HCH ?
b) Vectd mat d) dong mit trén thanh hop z =0 caa HCH ?

4e.E 4e.E
(DS: a) ¢ = % —a.c.cos(@t) ; q,,=- % —a.c.cos(mt)
T T
2 E_ . : 2
b) Js(z=0)= " sm(zx).sm(a).t) 1,
Uecw a
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6.24: Cuong d) truong dién trong hop cong huéng (HCH) hinh chit nhit , bén
trong la khong khi , kich thudc (axbxc) ¢6 dang :

E=E_sin(—x)sin(—y)sin(w,.t) 1:
Xdc dinh: a b
a) Vectd cuwdng do trudng tir trong HCH , tan sé dao dong riéng o,?
b) Ning lugng dién t trong HCH ?
¢) Vecto mat do dong miat, mat do dién tich mit trén cac thanh caa HCH ?

- E_ . = E : 2
(BS: a) H=| L -m sm(zx) cos(Z Y)ix— " cos(zx) sm(Z y)iy |.cos(w,.t)
,u9})a)0 a b Hdm, a b
w, = ——=1/a’+b’

ab./ &, 4

b) W.(t)= égoEfnabc sin(wyt) 3 W(t) = W+ Wy =W . = %50Efnabc

7 I E : I
¢) Js(x=0)=1:xHy=0=— " sm(ﬁy).cos(a)o.t) 1:
R Hya ),
o(z=0)=1:.(¢, E-0) =& E, sin(x) sin(% »).sin(@, £) )
a
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