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* **N0i dung chwong 5:

5.1 Mo hinh dwong day .

5.2 Pwong diy voi nguon dicu hoa .

5.3 Pwong diy véi nguon xung .
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!'_ 5.1: Mo hinh duong day

__— conducting-plate

dielectric slab

EM-Ch5
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* a) Khai niém:

= H¢ thong dén truyén TPT bién thién dinh hwéng ding cac day
dan.
==> Dwong day (Transmission Line)

= Cac loai dwong day co ban :

a) Parallel-plate c) Coaxial

= S6ng dién tir truyén trén dwong day c6 dang song phang va
mang theo tin hiéu .

= Buéc s6ng tin hiéu tir mm (mach siéu cao tan) dén km (dién cong
nghiép).
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* b) M6 hinh dwong day :
" B i(z,0)

% Chuyén doi: — SN
. _ ;rf _.\*I a 2[’2’,{ } £ \"'. %: R
Pé tinh E va RN T
— R AAA L ', | | Z by /
H béntrong  ~7" e oA —— sz
, -+ [y | f
? P |/ A e ,I
cap : U e(t) ¥ E' R TR
N -\ / E'(z-*‘ ) N
¥ - -
Xac dinh u(z,t) i)
vai(z, t).
4
R ; 1(Z,1) ﬁ
MO  hinh *l *
. s, B et u(z,t) RZ

duong day
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c) Cac thong so don vi cua duwong day :
% Xét doan Az = mach twong dwong

R,,= di¢én tro doan day ...

D T ‘g ——————————————————— >
< Dinh nghia thong s6 don vi: ,AZ«)”,
. R
R, = lim —=£(Q/m)
Az—0 A7
. L
L, = lim === (H /m)
Az—0 A7

— h CAZ
C, _AI!LnO - (F/m)

— h GAZ
G, _AI!LnO ~ (G/m)

CuuDuongThanCong.com EM _Ch5 https://fb.com/tailieudientucntt 6
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‘:‘ Thﬁn Sé dO’Il Vi 6’ ti}\ln Sé cao .
g [ ]
Two-Wire Coaxial

Parallel-Plate
RO 2RS & & (E + Ej
W ra 27r\a b
L, ud Ecosh™ d/2a | ——In bla
W 7T 27T
EW TTE 2TE
Co d cosh™ d/2a In b/a
G ow To 2O
’ d cosh™ d/2a In bla
o R g = Re{n} — mip ¢ ®L,:chixétdién cam ngoai.
o}

C

® ¢, U, o: cua moi treong gitra 2 day
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* d) Phwong trinh dwong day :

< Dung KVL va KCL. @) LoAZ

1(z+Az,1)

+  RyAZ +
» Phwong trinh dwong u(z,t) GoAz S == U(Z+Az)
day hay phwong trinh CoAz .
dién bao: . .
| Z,t . oi(z,t
_ o ):Rol(z,t)+Lo (2,1)
< 0Z ot
ol(z,t ou(z,t
_9ZY g )+, M2
L 0Z ot
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* e) Poi véi tin hiéu diéu hoa :

“» Vector phirc:

u(z,t) = Re{U(z).e’*'}

i(z,t) = Re{i(2).e'"}

_d_U = (R, + j(DLO)i

— J CZ
—O—I:(Go+ij0)U
L C

Y

h¢

& s0 truyén (m)

o = hé s6 tit dan (Np/m)
B=he¢ s0 pha (rad/m)
Z,= tré khang dac tinh (Q)

CuubDuongThanCong.com

”U(z) = Ae" + Be”
I(z) =— Ae ” —Be"”

|:{><

y=y(Ry+ joL)(G, + joC,) =+ i

L [Rrjoly)
: (G, + JoCy)

==> V4n toc pha: v, =0/ B

EM -Ch5 https://fb.com/tailieudientucntt 9
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* f) Phan loai mo hinh dwong day :

i.  DdAay ton hao:tong quat, khi 6. # 0 va c # 0

ii. Pday khong ton hao: 1y twong, khi 6. = o va ¢ = 0 =>

—

R,# 0

Go#0

—

y=jB=jo\L,C,
o=0

|_OV 1 C

LG ke,

A=

f

Thoi gian tré cia dday: T = {/v,.

R,

GO

L, G,

iii. Pday khong méo: c6 ton hao nhung

a=R,G,

—

L, v

Z0

1 C
Vo= = __P
B=oL,C SR TR T -

CO

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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VD 5.1.1: Tinh cac thong so duwong day

Viét chwong trinh MATLAB tinh toan cac thong so 7, a, 8, Zo khi
nhip vao thong so kich thwdéc, vat liéu ciia cap dong truc ?

%Coax distributed parameters

clear

clc

disp('Calc Coax Distributed Parameters')?
%Some constant values

muo=pi*4e-7,

eo=1e-9/(36*pi);

%Prompt for input values

a=input(‘inner radius, in mm, =");
b=input(‘outer radius, in mm, =");
er=input(‘relative permittivity, er=");
sigd=input(‘dielectric conductivity, in S/m, =");
sigc=input('conductor conductivity, in S/m, =");
ur=input(‘conductor rel. permeability, =");
f=input(‘input frequency, in Hz, =");
%Perform calulations
G=2*pi*sigd/log(b/a);
C=2*pi*er*eo/log(b/a);
L=muo*log(b/a)/(2*pi);
Rs=sqrt(pi*f*ur*muo/sigc);
R=(1000*((1/a)+(1/b))*Rs)/(2*pi);

omega=2*pi*f;

RL=R+i*omega*L;

GC=G+i*omega*C;
Gamma=sqrt(RL*GC);

Zo=sqrt(RL/GC);

alpha=real(Gamma);
beta=imag(Gamma);
loss=exp(-2*alpha*1);
lossdb=-10*log10(loss);

%Display results

disp(['G/h ="' num2str(G) ' S/m'])
disp(['C/h ="' num2str(C) ' F/m'])
disp(['L/h =" num2str(L) ' H/m'])
disp(['R/h =" num2str(R) ' ohm/m’])
disp(['Gamma="num2str(Gamma) ' /m'])
disp(['alpha="' num2str(alpha) 'Np/m'])
disp(['beta=" num2str(beta) 'rad/m'])
disp(['Zo ="' num2str(Zo) ' ohms'])
disp(['loss=' num2str(loss) ' /m'])
disp(['lossdb=" num2str(lossdb) ' dB/m'])

CuuDuongThanCong.com

EM- Ch 5 https://fb.com/tailieudientucntt 11
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VD 5.1.1: Tinh cac thong so duwong day

Viét chwong trinh MATLAB tinh toan cac thong so 7, a, 8, Zo khi
nhip vao thong so kich thwdéc, vat liéu ciia cap dong truc ?

Két qua thwe hién chwong trinh:

Now run the program for Nickel:

Calc Coax Distributed Parameters
innerradius,in mm, = 0.47

outer radius,in mm, = 1.435

relative permittivity, er=2.26

dielectric conductivity, in S/m, = 1le-16
conductor conductivity,in S/m, = 1.5e7
conductorrel. permeability, = 600
input frequency, in Hz, = 800e6

G/h =5.6291e-016 S/m

C/h =1.1249e-010 F/m

L/h =2.2324e-007 H/m

R/h = 159.7792 ohm/m
Gamma=1.78881+25.252i /m
alpha=1.7888Np/m
beta=25.252rad/m

Z0 = 44.6608-3.1637i ohms
l0ss=0.027942 /m
lossdb=15.5374dB/m

CuuDuongThanCong.com EM- Ch 5 https://fb.com/tailieudientucntt 12
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5.2 Pwong day voi nguon diéu hoa

% Véi tac dong diéu hoa == Phan tich ¢ mién phirc
< Ung dung trong hé thong ning lwgng va vién thong .
% Chi khio sat véi mé hinh dwong diay khong ton hao .

EM-Ch5 13
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* 5.2.1 Phuwong trinh dwong day dang phirc:

«» Bai todn : Power

Plant

=

7/ ‘ /
<

Home
Y/ -

T = |

il

* M6 hinh mach e | A g
chira du’b’ng day : . Zg
Z,,
Zs (Zo, B) g(t)é)
Z <

CuuDuongThanCong.com EM- Ch 5 https://fb.com/tailieudientucntt 14


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

* “* Twr phwong trinh dwong day:

Khong ton hao:

R, =0

Gy

0

o

U(z) = Ae™* + Be!”

—

Y =B = joyLC,

a=0

1 C V
V. = = 1=_F
I:> 4 . 1 ) i ; VLOCO \/urgr f
1(z) == Ae " -Be!” -

- 7 Thoi gian tré cua dday:

. 0 T= E/Vp.

Z, = Ci (€Q2) : Tré khang dac tinh
0

- Hé sé pha

EM-Ch5
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* % Xac dinh A va B:
i

. - L Ig) 1,
g + e H ¥
Eg@ L.J1 b.2.) U(Z) Z, UZ
| 0 7 d z=|
. L= ) =
| Zy <31 i 726 d=0
(E, =the phasor of e (t)) (U,;l, = the phasors of u,(t),i,(t))
?hoz:O: A= U, +Z], _ 7 (Song toi tai diu
U=A+B _ 2 ' dwing diy)
< . . .
Z,,=A-B B— U -4, _ (J: (S6ng phin xq 1gi
) B 9 1 dau dwong diy)

CuuDuongThanCong.com EM _Ch5 https://fb.com/tailieudientucntt 16
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:I! % Ap-dong (mii) theo PK bo dau Pday:
i .

L @) i,
+ Ly [ —————— +
Eg@ L.J1 b.2.) U(Z) Z, UZ
|_0 Z j ) d z=I -
Z. é;l 2@ d=0
U(z)=Ue ™ +Upe™=U"+U
1(z)=1e P+  =1"+I
. Z, C Z, (+)wave (-)wave

CuuDuongThanCong .com EM _Ch 5 https://fb.com/tailieudientucntt
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< Ap-dong (Igiac) theo PK bo diu Pday :
P | .

s ~ L Ig) 1,
o+ 17
: : Z : .
Eg@ _L,Jl v O) U(E). Z,| U,
| Z ah d z=1
Zin Z7 8 ZQ: d=0
Hay: d=1

U(Z) U, cos(Bz) - jZ,l, sin(Pz)

U,

Z,

CuuDuongThanCong .com EM-Ch5

(z) = —j=%sin(Bz) + 1, cos(Pz)
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:I! < Ap-dong (mii) theo PK bo cudi Pday:
i .

7 L Ig) %IZ
+ g A n +
. . 7)) . :
Eg@ _L,Jl v O) U(Q Z,| U,
| 7 d z =
_ =0 2
Zln é:| Z d d=0

PDatd={—1z:
U(d)=Ue™ +Ue ™ =U"+U"

I(d)=15e™+ e =1"+1

g

CuuDuongThanCong .com EM _Ch 5 https://fb.com/tailieudientucntt 19
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:I! < Ap-dong (Igiac) theo PK bo cudi Pday :
i .

+

s ~ L I@) 1,
T B2 g
e o PWag [z
| 0 Z d z=
Zin Ga d=
Hay: d=1 Zd

L 0

ccccccccccccccccc

1(d) = j%sin(ﬁd) +1, cos(Bd)

EM-Ch5

U,

U(d) = U, cos(Bd) + jZ,1, sin(pd)
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:h < VD 5.2.1: Tinh toan cac thong so6 dday

DPwong day khong ton hao, chiéu dai 100m, lam viéc & tan so 100
kHz,c6 cac thong s6 dom vi : L, = 0,2772 pH/m va C, = 0,18 nF/m.
Xac dinh v, B va Z; cia duong day ?

Giai
<% Van toc pha: V, = ! =1,416.10°(m/s)
J0,2772.10°0,18.10°
] o 27.100.10°
< Hé so pha: 8= C.=—= —=4,439.10°(rad/m
esopha: f=ayhbo == 16108 (rad/m)

p

e L. [0,2772.10°
*Tréo khang dac tinh: Z,= |— = = 39,243 (Q2
' J dac °=\c, T\ 018.10° (£)

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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* “ VD 5.2.2: Dung hé pt nghiém dday

Mach chira dwong day khong ton

hao, biét U, = 30£0°(V), Z, =45 Q
va tan so lam viéc 1 MHz. Xéc

dinh dién 4p dau dwong day ?
Giai
“*Goc dién caa duwong day:

Zn —_ —_
+ Z,=750

E U _ Z,
1 T=0,357ps

I

pl=—L=0T = 27.10°0,357.10° =0, 7147 =128,5°

<Pién ap dau dwong day:
U, = U, cos(B() + jZ,1, sin(B()

U, =3020° cos(128,5) + j75 $020

== U, =43,36.£115,5°(V)

CuuDuongThanCong.com EM-Ch5

sin(128,5)
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# 5.2.2: Hé so phan xa trén duwong day:

R U R U

“*Pnghia: F:._+: .2+ : :lee_JB :FZLH—Zﬁd
Jpd

U U2-e

“* H€ s0 phan xa tai cuoi dwong day:

: J: 7. -7 (0<T,<1)
rzz,_gzzz 0 =T, /0 (_njeq)
~2 , +4, -

CuuDuongThanCong.com EM _Ch5 https://fb.com/tailieudientucntt 2 3
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:h “ Cac trwong hop dac biét:

A: Taila Z,

Zs

Q

Zy

Zs

B: Ngﬁn mach cuoi

—

C: Ho mach cuoi

Zs

Q

—
Zg

CuuDuongThanCong.com EM -Ch5

I
o

Z, FZ

|

I=-1=1/-180°

f‘z -1=1.,0°

https://fb.com/tailieudientucntt 24
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:h VD 5.2.3: Tinh toan hé s6 phan xa

Mach chira dwong day khong tén hao (tré khang dic tinh Z, = 75
Q, chieu dai £ = A/8), tai cuoi dwong day Z, = 75 + j75 Q. Xac
dinh hé so phan xa tai cuoi va tai dau dwong day ?

Giai DU S .

< Hé so phan xa cu6i duwong day: : N —

i _Zy=Z, _T5+75-T5
* 2,47, T15+j75+75

=0,447/63,4°

< Heé s6 phan xa dau dwong day:
[ p [ ] g

[, =T,£0-230=0,447£(634-2"3) =0,447.£-26,6°

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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# 5.2.3: Tro khang vao dwong day :
| .

L @ _j,
+ Ly ; - n
oo P g 2] 0,
| Z ah d z=I
Zn 520 Z d d=0
' " Z,+jZ,tg(Bc
»DPnghia: Z(d)zﬂzzol_l__r_z ] g(ﬂ )
id) 1T 7 Z,+ jZ,tg(pd)

U _, WL Z,+ 2,980
! |1 : 1_F1 : Zo T jZZtg(ﬂﬁ)

CuuDuongThanCong .com EM _Ch 5 https://fb.com/tailieudientucntt 26
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* < Khi tinh Z;, can luu y:

a) Dday hoa hop: Tai Pday la tré khang dac tinh Z, = Z,,

Zin — ZO

b) Pday A/4: Néu chiéu dai dwong day /= nAi/2 + A/4,

2
:Zo DU R

N
22 i Zy, B Zzi

¢) Dday A/2: Néu chiéu dai dwong diy £ =ni/2 .

Zin — ZZ

Z

CuuDuongThanCong.com EM _Ch5 https://fb.com/tailieudientucntt
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* < Kbhi tinh Z;, can luu y:

d) Dwong diy hé mach cuoi: .- S e,

Z. =—jZ,cotg(pl) | N_

e) DPwong day ngz‘in mach cudi: e

Zin — Jzotg (ﬂl)

:
1 1
1 1
: [} ] :
1 1
1 1
! H “in
. : sy
' Impedance !
H i
1 1
1 1
1 1
1 | | B
i T L} LN _——
iy —3A A — —
-+ 2 =+
. .
1 1
1 1
1

< Nhin xét: Tuy thudc vao chiéu dai ma dwong day ngin mach
cuoi s€ cO phan ao cia Z;, la dwong (cudén day) hay am (tu dié€n) .
——= Mach cOng huwéong

CuuDuongThanCong.com EM _Ch5 https://fb.com/tailieudientucntt 28
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# VD 5.2.4: Tré khang vao dwong day

Pwong day khoéng ton hao, cach dién khong khi, tré khang dic
tinh Z, = 50 Q, ngin mach cudi dwong day. Tim chiéu dai bé nhat
ciia dwong day dé tré khang vao twong dwong véi: (a) Cudn day
0,25 pH tai tan s6 100 MHz ? (b) Tu dién 100 pF tai tan s6 100
MHz ?
Gisi < »
a) Dung cong thirc dwong day ngan
mach cuéi : Z,, = joL.

jZ,tg(B0) = j2rfL

— tg(B() = ZATOBN" _ 4 ey Br=0,40197 +kn

= (=2(0,4019+Kk) Véi: A=2=3m

f

—> ¢ =1,5.(0,4019) = 0,60285 m

CuuDuongThanCong.com EM _Ch5 https://fb.com/tailieudientucntt 29
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# “* VD 5.2.4: Tré khang vao duwong day (tt)

Pwong day khoéng ton hao, cach dién khong khi, tré khang dic
tinh Z, = 50 Q, ngin mach cudi dwong day. Tim chiéu dai bé nhat
ciia dwong day dé tré khang vao twong dwong véi: (a) Cudn day
0,25 pH tai tan s6 100 MHz ? (b) Tu dién 100 pF tai tan s6 100
MHz ?
Giai D — ‘
b) Dung c6ng thirc dwong day ngin
mach cudi : Z;, = -j/oC.

jiZ.tg(B0) = —j/2nfC

— (B0 = — = = Br=-0,0987+kx

81050 =&

:>E=%(—0,098+k) Véi: A=-=3m

f
—> (_ =15.(-0,098+1) =1,353 m

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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:h “ VD 5.2.5: Dung tré khang vao dwong day

DPwong day khong ton hao, chiéu dai 500m, lam viéc & tan so6 10
kHz, c6 cac théng sé dom vi : L, = 2,6 pH/m va C, = 28,7 pF/m.
Biét Z, =75+ j150Q, Z, =1+ j9Q va E = 12020° (Vrms). Xac
dinh: (a) Ap dong tai dau dwong day ? (b) Ap dong tai cudi
dwong day ? (c) COng suat phirc nhan tai dau dwong day ?

4
Giai P .
a) Tinh Z,,pvapl: <5E 5 >
° I
7 = [Lo_ [2610° o5 o)
Co 28,7.10

B=aL,C, =27.10*2,6.10°.28,7.102 =5,43.10™(rad/m)

B =5,43.10".500=0,2714 rad =15,55°

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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# “ VD 5.2.5: Dung tré khang vao dwong day

e
% Tinh tré khang vao:

7, |——
7 _ g0y 75+ 150) + j30119015.55 é 5 [
301+ (75+ {150)tg(15, 55)

=108,22 + j262,7 )

\/

% Suy ra:

| =—— 12020 _ =0,41/-68,1°(A)
(1+j9) + (108, 22 + j262,7)

U,=Z | =(108,22+ j262,7).0,41/-68,1° =116,432-0,49°(V)

CuuDuongThanCong .com EM _Ch 5 https://fb.com/tailieudientucntt 3 2
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* “ VD 5.2.5: Dung tré khang vao dwong day

b) Ap dong tai cudi dday dung hé pt ot
nghiém: d‘g Zn __z
’ ) . -, E 0 7
U, = U, cos(Bl)—jZ,L, sin(B!) ’

U, = (116,43 -0,49°).cos(L5,55) — j301.(0, 41/ — 68, 1°) sin(15, 55)
~82,55/-9,27°(V)
0,
—=sIn(B() +1, cos(B!)
ZO
;16,4320 49°)

301
= (0,492/-72,7°(A)

=]

sin(15,55) + (0, 41/ — 68,1°) cos(L5, 55)

=

CuuDuongThanCong .com EM _Ch 5 https://fb.com/tailieudientucntt 3 3
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* “ VD 5.2.5: Dung tré khang vao dwong day

A A , o . X F
c) COng suat phirc nhan tai dau —
A B —
dwong day: 5 n
~ . — : Z, -
E 2

S= (116,43/-0,49°).(0,41.,68,1°)
=18,18+ j44,14 VA
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* 5.2.4: Hoa hop duong day :

< Trong truomg hop Z, # Z,, ching ta can thwc hién hoa hep
dwong day dé loai trir song phan xa trén dwong day. Mach hoa
hop (matching network) nham muc dich lam cho tré khang vao
tai M-M’ bang Z, (hay din nap vao tai d6 Y,, = 1/Z,, = 1/Z, =
Y,).

M A
Ly O O— —O—
) Matcl

~ Tatching

Vs @ Z Zin ™ | etwork 1
M A’

. O —CET T ONE - o—

Generator Transmission line Load

<% Co6 nhiéu ky thuat dé thuc hién mét mach hoa hop.

EM -Ch 5 https://fb.com/tailieudientucntt 3 5
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:I! a) Puwong day bién ap A/4 :
I

Z, 7
I
g (pxq)
fl ) p)
< Dday A/4 : . 4
Z, =ZoZ,

< Néu Z, = thwe thi y = 0 va vi tri dit dwong day bién ap tai
cuoi dwong day. Ney Z, = phirc thi y # 0 (ta co thé xac dinh).
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* b) Mach vong don:

Mach vong don Y,

“* Xac dinh x va y tir:

Yin — Yb +Y1

1 1 L, + |Z,tg(BX) )
= ——=-] +
Z, Ztg(By) £, Z,+ JZ,9(5X)

% S& ¢ 2 nghiém (ciia X va y) . Ta cO thé
chon sao cho 0 < x <A/2.
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* “ VD 5.2.6: Hoa hop dwong day

Cac dwong day khong ton hao cach dién khong khi, 1am viéc 6
tan s0 50 MHz va Z, = 150 Q. Tim tré khang dac tinh Z, va chiéu
dai dwong day bién ap dé khong co phan xa trén dwong day Z,,?

.o 15m 4 3
Giai S SRESSREREE > ¢7“/> o2l m_
Z, —_—I_p———Q—
% Bwdc song: _ _
3.10° X g, [o 2073002 Z  z,=1500|Z
1 R ] —-

~ 50.10°

==> Chiéu dai dwong day bién ap 12 1,5 m.

< Tré khang dic tinh ciia dwong day bién ap:

Z, =+/300.150 =212,1 Q

CuuDuongThanCong.com EM _Ch5 https://fb.com/tailieudientucntt 3 8
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* 5.2.5. Song dirng

< Nhw ta da biét, 4p va dong tai mét diém bat ky trén dwong day
la s xép chong cuia sOng t6i va phan xa tai diem do.

U(d) =Ute™ 141 e
1(d) = 1e 1-T e

< Qua trinh nay lam xuat hién cac diém cé bién @ ap hay dong
rat 16m hoic rat bé, va qui luat dé khéng thay doi theo thoi gian
(co nghia dirng yén). Hién twong nay goi la hién twong song dirng
trén dwong day. Pay la hién twong vat ly tw nhién cia dwong day
khi truyén di tin hiéu diéu hoa.
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* a) Bién d¢ ap — dong trén dwong day:

U = U} 1+ 2T, cos(6 —28d) + T3

| = I;\/l—ZF2 cos(9—2pd)+T;

CuuDuongThanCong.com EM _Ch5 https://fb.com/tailieudientucntt
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* b) Cac gia tri cuc dai & cue tiéu:

CuuDuongThanCong.com

U =U(1+T))

Umin = U;(l_rz)

Imax A Umax/ZO

Imin - Umin/ZO

Zmin = Umin/lmax

EM-Ch5

Zmax = Umax/lmin

https://fb.com/tailieudientucntt
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* c) Vi tricac diém cuc dai — cue tiéu:

= C6 nhiéu gia tri d, vad.,..

= Chon k théa: 0 <d,.,,di, < L.

CuuDuongThanCong.com

= Cwc dai:

cos(f—-24d .. )=1

=> §-2pd_ =0-27.

= dmax :i_l_k&
28 2

= Cwc tieu:

cos(@-2pd . )=-1

EM-Ch5

=>§-2pd . =-m,-37.
6 1 A

d. . =—+—+k—
= |Ymin 2,5 4 9
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1.4
| 4

d) HeE so song dirng:

SWR - U _ . =1+F2
u. . 1-T,

min

 SWR-1
SWR +1

—>r2

CuuDuongThanCong.com

L EWit

EM-Ch5

Bandwidih
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* e) Biéu do song dirng:

= max-min = A/4 ﬁfﬂ"ﬁ' -: o | ST
= max-max = A/2 1 | ‘1
_ . | U'[-E[ 1+1n4]) Umazx
=A/4 line : dau ' ol ¥ : o
max <-> cudi min . W
N Umin
d. . . . Hwll-ng) .
. 0n ap. - . Imax
"R, > 7. cuoi la /\/\/\,IE |
ma>_< ép ) I l-a ' Imin
d p—— . I- . I_. — J..I.-I -.I _II
"R, < Z,: cudi 1a T 2 L
min ap.
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* VD 5.2.7: Hién twong song ding

Vé dang phan bé dién ap trén

dwong day khéng ton hao, dai bang

Z,

1,25 buwée s6ng. Nguon ap co bién dd
sdd 100 V, Z, = 50 + j50 [Q] , tré

khang song Z, = 100 [Q] , tai cudi
dwong day Z, =200 [Q].
Giai
2
¢ Tré' khang vao: 7. = & =50(Q)
200

% Tinh 1, U, U, T,, U, ., U

< Taitré Z,> Z, : cudi dwong diy la diém max dién ap .

CuuDuongThanCong.com EM-Ch5
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* VD 5.2.7: Hién twong song ding

FHAM BO BIEM DO DIEM AP TEEM DUOMNG DAY
90

471 O SR SR

GO

45

I 0.25 0.5 0.75 1 1.25
Fig 5.10 khoang cach f buoc song ()
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* f) Thiét bi do song ditng (VSWR Meter)

Sliding probe

To detector -

Probe tip / Sht

/

= La mét cap dong truc cO Z, di biét, dai 1m hay A , bén
ngoai co khac vach vi tri.

= Mot probe tré khang cao, c6 thé trwot doc cap, lay tin hiéu
ap dwa déen bo chi thi.
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* “* Do tai dwong day dung VSWR meter:

A indicator
generator
b

1. Cho ngin mach tai:

2. ChotaiZ, : Po: d ;. 'va SWR

L

_SWR-1 47

~ SWR +1 Ao

=> A

=—d . -7

ZL

1+1,£6

— Z0
1-T,£0

(©)

CuuDuongThanCong.com

min [b:l

positicn
of load

EM -Ch5 https://fb.com/tailieudientucntt
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:I! < VD 5.2.8: Thiét bi do song dirng

Puwong day khong ton hao, tré khang dic tinh 50 Q, tai Z,. Biét
hé so song ding trén dwong day la 3, khoang cach giira 2 diém
cue tiéu lién tiép 1a 20cm va diém cuc tiéu 4p dau tién cach tai 5
cm. Xac dinh: (a) Hé so6 phan xa tai cudi dwong day ? (b) Gia tri

tai Z, ? SR 2
Giii 7, | ——

a) Hé so phan xa: é‘g £ Z Z,

F2=3—_1=0,5; 6:4—7T5—7r=—900 E——

3+1 220

", =0,5/-90°

b) Tai cudi dday: 105, _90°
+0,54 - .
Z,=30 =30-j40 (QQ)

1-0,52-90°

CuuDuongThanCong.com EM _Ch5 https://fb.com/tailieudientucntt 49



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

* < VD 5.2.9: Biéu d6 song dirng

it
e

©

Ry=50Q

b) Xéac dinh Z, ?

CuuDuongThanCong.com

V,=4,0°V

Biéu d6 song ding
trén dwong day khong
ton hao nhw hinh bén.

a) Tinh SWR, Avaf? 2

z=0

V] (Volts)

25 e

Ry=50Q
v, =1x 10" m/s

—>

; |1f| =15V

z-‘iﬂ,lgdm; :;g_egqmé

Distance along line (m)

50

https://fb.com/tailieudientucntt
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:h < VD 5.2.9: Biéu d0 song dirng (tt)

©

Rg =50 ) Ry=350Q ,
v, =1x 10" m/s 4

V,=4,0°V

a) Tinh SWR, Avaf:

Yy 9

Umin 3

SWR =

2 =2(0,684-0,284)

=0,8m

f=1 _195 MHz

0,8

CuuDuongThanCong.com

—>
z=0 Zz=1m

V] (Volts)

— i

0.5

2= 0,684 m

7= ﬂ,ZSJ m

T o i (PPN TN NP SUPRTIN-S SRR R S
0 01 02 03 04 05 006 07 08 09 1
Distance along line (m)

51
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:h < VD 5.2.9: Biéu do séng dirng (tt)

Ry =500 Ry=50Q )
— _ )
C) Vg:_q_é(}lﬂv "r’f_; 1:"; 10 m-"lls

b) Tai cudi dwong day:

2:5/:3—1:Q25 |
5/3+1
A =
B=——(1-0,684) -7 = 104,42
204 s N
1_‘2:0’254104’40 1_ IS S
ogt than- cori T
o 2=0284m:. ==(684m:
" 71-0,254104,4° PP B along ey
~39,5+j20,4 (Q)
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* 5.2.6 Cong suat trén dwong diy KTH:

<% Cong suat trung binh tai z:

P —ZRe Ul
2

1

* Cong suat tai dau, cuoi dwong day:

1
Pl:—Re Uil
2
P, =1Re Ul
2

O,

< Do dwong day khong ton hao nén:

P,=P, =

CuubDuongThanCong.com

AP

0

EM-Ch5

https://fb.com/tailieudientucntt
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* % Cong suat téi va phan xa :

L (U7 @ P— @
PT==— Z, [—O- ——
2 ZO i n « >

< COng suat tai mot diém 13 xép chong ciia cOng suat song téi

va song phan xa:
p =P P’
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:h < VD 5.2.10: Cong suat trén dwong day

Pwong day khong ton hao, chiéu dai 50cm, buwdc song lam viée A
= 100cm, c6 cac thdong sé dom vi : Ly = 0,17 pH/m va C, = 70
pF/m. Biét Z, =50 + j20 Q, Z, =50 Q va E = 10£0° (V). X&c dinh:
(a) Tan so tin hiéu trén dwong day ? (b) Ap dong tai dau va cudi
dwong day ? (c) Cong suat phirc phat ra ciia nguon, nhan tai cudi

dwong day va hiéu suat ciia hé ? Lt R
Giadi Z, [—
a) Tinh Zy,v,vaf: <5|'5 Zo Z,
- e
6
z - [L :\/0,17.1012 49,3 (Q)
c, V7010

v, =1/ JL,C, =1/4/0,17.10°°.70.10*2 = 2,899.10° (m/s)

f=v /A=2,899.10"/1=290 MHz
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# < VD 5.2.10: Cong suat trén dwong day (tt)

b) Tinh tré6 khang vao: | — —
dwong day bén_ sdng nén: d‘g - : 2, n
L. =72,=30+)20Q |
% Suy ra:
10£0°

= —=98/-11,3°(mA) Ul — Zini1 =5,28.10,5°(V)
50+50+ J20

% Goc dién :pt = (2x/0) = T = 180°.
U, = U, cos(B0) - jZ,1, sin(B£) = 5,28.£190,5° (V)
%sin([%) +1, cos(Bl) =98.£168,7°(mA)
0
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* < VD 5.2.10: Cong suat trén duwong diy (tt)
e

nguon va cong suét phirc nhin tai Z, -
2

c) Cong suat phirc phat ra béi 5zn e
E

cudi dwong day:

Se =7 E.l, =7 10£0°.0,09811,3° =0,48+j0,096 VA

S,=2 U,.l, =~ 528,190,5°.0,098/-168,7° =0,24+j0,096 VA

% Hiéu suat cia hé:

77—%:50%

0,48
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* < VD 5.2.11: Céng suat trén dwong day
e

€ - > 29

£ = M4, tré khang dic tinh Z, = 75Q. E Zo=1Q |7,

Puwong day khong tén hao, chiéu dai 5 Z, [——)

Biét Z, =50 Q va E = 30.£0° (V).

29
Xac dinh: (a) So do twong dwong Thevenin cho phan mach bén
trai 2-2° ? (b) Tré khang Z, dé n6 nhan cong suat cwe dai ? Cho
biet gia tri P, ? (C) So sanh véi trwong hop hoa hop dwong
day ?

Gidi \/4
, , +-ooo > 2
a) Tach Z, khéi mach : Z, [ e——e
+ +
= Xac dinh U, : duwong day A/4 hé <5E U, Z0 Uoc
mach cudi co tré khang vao: — IO
29

=24 _0,6.40°
7 _Z_g :>{| 0,6./0°(A)
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* < VD 5.2.11: Céng suat trén dwong day (tt)

= GAc dién :pL = (2a/2)C = w/2 = 90°.
U, = U, cos(B)—jZ,1, sin(Bl) = 452 -90°(V)

= Tré khang Thevenin: S _/_4___-. 2
Z = _11250 €L
th = 59 — ——5 Ly  ——Z,
t
D) pé nhan Pmax - 2’
_ 2
Z,=112,50Q Zyy O]
_ 14 @ U, |22
Pmax—gﬁ_2125w .
29
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* < VD 5.2.11: Cong suat trén dwong éiﬁy (tt)
e > 2

c) Trwong hep hoa hep dwong day: d‘g L, [——

Z =7, =750

= | =22 _0,24.0°(A)

50+75

CoOng suit nhan trén tai cudi dwong day:

P,=P,=>1;Re{Z,}=2,16 W
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5.3 Puong diy véi nguon xung

< Puong diy tac dong véi nguon xung == Mién thoi gian
< Ung dung trong dién tir s6 vamay tinh .

<% Chi khio sat véi mé hinh dwong diay khong ton hao .

EM-Ch5
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* 5.3.1 Puwong diy tii thuan tré :

% Bai toan : L |
O ] o
O ] ] ]
— ] Dbudng day ] ]
A C n
] ]
B
** Mach: Ddﬁy KTH RO =0 GO =0 > 1 C
V. = =
P
I—oCo K&
/L
Z = |—2
0 Co
g Timedelay T = :
z=0 z=1{ yI= V_p
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# a) Xac dinh séng téi (+ wave):
S

z=0 z=1{

= Tai t= 0" : dau dwong diy chi c6 séng téi . So' d0 twong dwong:

i+
o —
g + / +
Z,= U + 0 : u
T E%- = 4 =5 F-:___
@
E,
z=0

9
R, + 24, Z,
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* b) Xac dinh song phan xa (- wave):

< Tai t=l/v,, song dén cudi dwong day.

=R, *
ZO ZO

_ ._ | Hé so phan xa tai
> U_ — RL _ Z0 T = _I_ cudi dwong day
+ — L~  -+| trong mién thoi
u R, +4, | ian
—u

< Soéng phan xa dong: |1 =
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* ¢) Xac dinh séng téi lan thir 2(++ wave):

X Ta_i t =2{/v,, song vé lai dau dwong day.

] u" u  u”
(U +u +u7)=E -R,* |
ZO ZO ZO
+4+ 4 . A
=) U _ Rg ZO —T Hé s6 phan xa tai diu
U B R +7 9| dwong day trong mién
\ 9 0/ thoi gian

CuuDuongThanCong.com EM _Ch5 https://fb.com/tailieudientucntt
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* d) Ap — dong trén dwong day tai xac lap:

—_— ISS

CuuDuongThanCong.com EM _Ch5 https://fb.com/tailieudientucntt
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* % Cac tim 2u*, Zu-, XZi*, XI" tai xac lap :

Igg + 1gg Igg + Igg
R G5 N
Rg Ves +Vss Vss +Vss Ry
V()T i (_) —L

O

[

z

0
st Veg=Vo- R(SS+ISS) B.C.atz=0

Vs
vt +V g =R (ﬁ 1‘) B.C.atz =/
SS L\‘ss *1ss Latz =
+
g+ - SS (+) wave Bon phuong trinh cho
SS T 7, 4 an s0:
- + — o+ -
;= - _SS () wave Vss: VissrLsss {ss
SS Zo
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* % VD 5.3.1: Tim song t¢i va phan xa

+ . +

Tim Zut Su. Sit ]SS + [SS ISS + ]S_S
>i tai xac 1ap Pt z=500 "t
° ° + _ O + _
250 %Vss +Vss Vss + Vss % 5Q
ovy - —
z=0 z=1
“*Ta c6 4 phwong trinh: *»Giai ra:
+ —
V4V ao=100-25(Itg +Igg) | Vg =625V, Vgg=125V
+ —
- lea=125A,1..=-025A
Vss* Vs 75( Isg+ ss) SS 788
+ B n 1A )
+ VSS _ VSS I R .
loo=—-,1loqe=——— 250 +
SS~ 50 ’SS 50 75V] $750
A X

CuubDuongThanCong.com
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5.3.2 Gian do thoi gian khoang cach (gian do
bounce):

EM-Ch5 69
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* a) Vi du minh hoa:
S

% Ngay sau khi déng khoa : U~ =60V | [ =1A

¢ Khi song truy("%n dén cudi dday : FL =1/3 :> u & i_

¢ Khi song truy("én vé dau dday : FS =-1/5 :> u++ & i++

% Qua trinh ci tiép dién lién tuc cho dén khi 4p — dong trén dday
on dinh : qua trinh truyén séng minh hoa bang gian do bounce.

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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:I! b) Gién do6 bounce dién ap:
S

T, =-1/5

60V

2T

76V

4T t"

CuubDuongThanCong.com

EM-Ch5
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:I! ¢) Giin d6 bounce dong dién:
S

T, =-1/5

2T

9/15A

4T t"

CuubDuongThanCong.com

2/3A

EM-Ch5
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* d) Cong dung ciia giin d6 bounce :

d,) V& ap, dong tai 1 diém z, theo t :

" Vé duong // truc t, tai z, .

= Xac dinh cac thoi diém: t,, t, ...

= Dyng dd thi u, i(zy, t) dung:

u=>u"+>u
i :Zi+ —I—Zi_
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* “ VD 5.3.2: Tim u(z,, t), 1(zy, t)

Dudng day khong ton hao, c6 Z, = 50Q, Vp = 108 m/s, chiéu dai ¢

= 100m. Biét e(t) =12. u(t) V, R; = 100Q, R2 = 200Q2. Xac dinh ap
va dong tai dau va cudi dwong day khi 0 <t < 6ps ?

Giai

< Dung gian d6 bounce ap:
_0 €7

-------------------------------------- - 1ps 100-50

_ _Lotopp S
rl ~ 100450 3 U =12 100450 =4V
U I cend-Som. 3 |- " 43 12
| 2~ 20050 5 U =4z=7%
...................................... - 3US
100 ++ _ 121 _ 4
dl—"_ 125 T= 108 1HS u 53 5

[ 2 N ]
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* “ VD 5.3.2: Tim u(z,, t), 1(z, t) (tt)

< Ap tai dau duwong day:

u®s+ o L8V
72V
a1
bbb Hus)
ol 2 4 &

% Ap tai cudi dwong day:

U(t) -

>

7,68V,
_6j4V

t(s)
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* VD 5.3.2: Tim u(z,, t), 1(z5, t)  (tt)

“* Dung gian do bounce dong:

"=—=80mA
i- === =-48mA

50
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* “ VD 5.3.2: Tim u(z,, t), 1(zy, t) (tt)

< Dong tai dau dwong day:

(1), mA
80i i i i i
pr:EEN

— 416 |
L )
o' 2 4 6

< Dong tai cudi dwong day:

ip(t), mA
(384
2 i
b t(lgS)
o' 2 4 6
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* d,) V& ap — dong theo z tai t; :

0 20 e z

= V& dwong // truc z , tai t, dé : \

Giéi han pham vi gian d6 bounce
, va xac dinh mot vi tri z;, .

= Ta co:

. Khiz<z,:

U=u +U +u’

AT
tv
. Khiz>z,:
Uu=u"+u- ==> V& db thi theo z
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* “ VD 5.3.3: Tim u(z, ty), 1(z, ty)

Puong day khong ton hao, e(t) = 100.u(t) V, R; = 40Q, R, =
120Q. Xac dinh phan bo ap va dong tai tO = 2,5us ?

Giai
< Duyng gian do bounce ap:
0 ﬁ, Z,
______________________________________ 1S 40-60
U = 7 =-0,2 u’ —1004060—60V
M PV = o _1  u =60;=20V
g 2 120460 3 .
------------------------------------ - SHS i
| u- =-4Vv
4“ ------------------------------------ [ )
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* “ VD 5.3.3: Tim u(z, ty), 1(z, ty) (tt)

< Phan bo ap tai t, = 2,50s:

0 £/2 l

C6 z, = 1/2.
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* “ VD 5.3.3: Tim u(z, ty), 1(z, ty) (tt)

“* Dung gian do bounce dong:

-+ 60
| :—0:1A

6

i =2=-1/3A

60
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* “ VD 5.3.3: Tim u(z, ty), i(z, ty) (tt)

< Phan bo dong tai t, = 2,5ps:

0 £/2 l

C6 z, = 1/2.
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* “ VD 5.3.4: Khi tac dong xung chir nhat

Pwong day khong ton hao, e(t) = 100[u(t) — u(t — 1ps)]V, R, =
40Q, R, = 120Q. X4ac dinh: (a) Gian d6 bounce dién ap? (b) Pién
ap tai cuoi dwong day ? (c) Phan bo ap tai t, = 2,25ps ?

Giai

a) Dung gian dé bounce ap:

< Dung xép chong:

[ () [ €(t)  &(0)
100 —— 100

0 1us 0 1S 0

K100 [E—
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* “ VD 5.3.4: Khi tac dong xung chir nhat

“* Voi tin hiéu e,(t), gidn do 2, 2

bounce don gian la tré di 1us (& o Ry
N\ <2 A V4 L4 ° 7z € PR |k

va dao dau cac gla tr! SOng BT

dién ap.

z=10 —>Z Z:l
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b) Ap tai cudi dwong day:

* “ VD 5.3.4: Khi tac dong xung chir nhat

"Khi0<t<1lps:u,=0.
*Khi1l<t<2us:u, =80V.
*Khi 2 <t<3pus: u, =0.

sKhi 3<t<4pus: u,=-16/3 V.

=

U(t) -
V
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c) Tait, = 2,25us: duong t = t,
cit gian d6 bounce tai 2
diém. Co: z, = /4 &z, = 3t/4.

* “ VD 5.3.4: Khi tac dong xung chir nhat

*Khi0<z<z:u(z) =16V.
*Khiz;<z<2z,:u(z) =20V.
*Khiz,<z<{:u(z) =0.

u(2)
%

0 V4 304 €
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