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Chuwong 1

CAC PAI LUONG DIEN co BAN
VA CHUC NANG Co SO

DE BAI
Trong khoang thoi gian t, lwong dién tich q(t) = gt 3 22t (C) chuyén gqua
thiét dién ngang cla day dan. Tim dong dién i(t) chay trong day dan do.
Trong khoang thoi gian t dong dién i(t) = 4sin3t chay trong moét dién tré R.
Tinh dién tich g(t) da chuyén qua dién tré dé trong khoang thoi gian t
Dong dién chay trong day dan ) L i(t)(A)
thay doi theo thoi gian duoc
mo ta trén hinh B 1.1:

0
Tinh lwong dién tich chuyén 2! )
A x . . -2 2e-2(-2)

qua day dan doé trong thoi
giant. Hinh B 1.1

Lwong dién tich chuyén qua thiét dién ngang ctia mét day dan:
q(t)=4(l-e-5)(C)
Tinh cwdng dd dong dién chay trong day dan dé trong khoang thoi gian t giay.
Dong dién chay trong mot day dan trong thoi gian t dwoc biéu thi bdi
cbng thirc:

i(t) =4(1-e"5)(C)
Tinh dién lwong chuyén qua thiét dién ngang ctia day dan doé trong khoang
thoi gian t giay.
Cho biét so chi ctia von ké trong cac mach dién hinh B 1.6:

14

m-0— —© || el

—Iin— ———|§(—1 ———Bh[—— ——IE-||-(——

Hinh B 1.6



Cac nguodn dién c6 s.d.d. t va dién trd ndi r giong nhau. Dién trd cta Von
ké rat lon.

1.7. Ba nguon dién c6 s.d.d. £, = 1,9V, t2= 1,7V va £3 = 1,6V va dién trd ndi
twong tng la r, = 0,32, r2=r3=0,1Q duwoc mic song song v&i nhau va noi
véi dién tré mach ngoai R. Hay tinh cuwong dé dong dién qua cac ngudn va
qua dién tr& R. Biét rang hiéu thé hai dau dién tré R bang 1,6V.

1.8. M6t dong co dién moét chiéu hoat dong binh thuwong véi thé hiéu 120V va
cong suat p = 360W. DE cap dién cho dong co nay, nguoi ta dung 36
dcquy, moi céi c6 s.d.d 12V va dién trd trong 2Q. Hoi phai ghép cac &cquy
dé nhu thé nao dé dong co dién trén hoat dong binh thuwong?

1.9. Cho mach dién nhw trén hinh B 1.9

£11K 7% firl %0
A 1 B c A c
’ + —e + ﬂ-_ d 1 +
R 12- R
-1 1 1-
Hinh B 1.9

Ngudn dién ti = 6V va dién trd ndi r, = 1Q. Néu méc ngudn t 2cung chiéu
vGi ngudn ti, thi dong dién trong mach 1a 1,5A. Néu méc £2 nguoc chiéu
V@i £, thi dong dién trong mach la 0,5A. Tinh:

a) s.d.d. t 2va dién tré ndi ctia no, r2

b) Hiéu dién thé gitra hai diém B va C trong ca hai trwong hop, néu biét
R =4Q.

1.10.Tinh gia tri ctia nguon thé £ va dong dién i trong so d& mach dién sau:



1.11. Tim s.d.d. cla cac ngudn E2va £fiva gia tri cac dong dién 12va l4trong so

dé mach dién hinh B 1.11:
és=4Vv

1.12. Céac ngudn thé va cac ngudn dong duoc ndi véi nhau nhuw trong so do hinh B 1.12:

3V 2V

Hinh B 1.12
1) Tim dong dién | qua nhanh AB;
2) Tinh gia tri nguodn dong i,;
3) Cong sudt cung cap bdi mbéi ngudn thé.

1.13. M6t Am pe ké céd ba ihang do gom 1
dién ké G va cac son S va s2nhw trén
hinh B 1.13. Néu dung chét 1 va 2, thi
Ampe ké do duoc dong dién I&n nhat la
2A. NEu dung chét 2 va 3 thi do dugc =
dong I&n nhat la 3A. Vay néu dung hai
chét 1 va 3 thi do dugc dong dién I6n
nhét la bao nhiéu Ampe?

1.14. Cho mach dién nhw trén hinh B 1.14. Hiéu dién thé V X8 = 210V. Cac von
k& co dién trd r, = 4kQ, r2= 3kQ. Bién tr& R = 30kQ.

a) Khi K mé&, cac von ké chi bao nhiéu?

Hinh B 1.13



b) Khi K déng, mudén cho Vi va V2 chi
giong nhau, thi con chay D & vi tri nao?
Dong dién qua khoa K bang bao nhiéu?

c) Khi K dong, muén Vi va V2co sé do A
giong nhu khi K mé, thi RACphai c6 gia tri R
bang bao nhiéu? Hinh B 1.14.

1.15. Tim s6 do cta cac Ampe ké méc trong so dd hinh B 1.15:

Cho £ =6V, r=0,2Q: R| = 10Q; R2=8Q; R, =6Q.

1.16. Tim dong dién i chay trong mach dién cé so do cho trong hinh B 1.16:

) 24V
A 2-i
o
412
2A
4Q
Hinh B 1.16

1.17. Cho mach dién nhu trén hinh
B 1.17. Hai ngudn dién c6 s.d.d
£ = 3V va dién tré ndi r = 0,5Q.
Cac dién tr& Ri = 2Q, R2=4Q,
R, =8Q va R, = 100Q. Khi khoéa
K mé&, Ampe ké chi 1,2A. Tinh:
1) bién tré Rx

2) Cuong do dong dién chay qua Rx
Hinh B 1.17



3) Hiéu dién thé gilra hai diém D vaF.
4) Khi khoéa K dong, Ampe ké chi bao nhiéu?

1.18. Cho mach cau nhuv trén hinh B 1.18. Tinh dong dién qua cac nhanh theo |
va R. Biét rang dong dién di vao diém A va di ra tir diém B.

c

Hinh B 1.18
1.19. Cho mach cau nhu trén hinh B 1.19.
Tinh dong dién trong cac dién tr& va dong dién trong mach chinh.

D

£r
Hinh B 1.19

1.20. Dong dién i(t) chay qua tu ¢ = 0,5F duoc biéu thi dwéi dang:

0, t<2 .
it)
i(t) = 02(t-2),2<t<6 (A) A 1 B
0,8, t> 6 ¢ =0,5F

Tinh:

a) Hiéu dién thé hai dau tu C.

b) Cong suét clia tu ¢ do.

¢) Nang lvong chira trong tu dién do.

Biét rang tu ¢ khéng tich dién & thoi diém ban dau.
1.21. Cho mach dién nhu trong hinh B 1.21:

Dong dién i(t) = 3.e9 (A). Tinh:



a) Hiéu dién thé hai dau A va B.
b) Nang lwong chira trong tu dién do. Biét rang tu ¢ khéng tich dién & thoi

diém ban dau.
A i) R=1Q

¢ =0.2F
Hinh B 1.21

1.22. Cho mach dién nhw trong hinh B 1.22:
C=1F

R =1Q
Hinh B 1.22

Tinh dong dién i(t) chay tir A dén B. Biét rang hiéu thé gitra A va B Ia:
2t —4, 2<t<A4
vAB(t) =< 8-t, 4<t<8
0, cac khoa ng khéc
1.23. Tinh dong dién cung cdp b&i ngudn dién i(t) va dong chay qua dién tré va

tu dién ¢ trong so d® mach dién hinh B 1.23. Biét rdng hiéu thé giita hai
dau A, B la:

VAB() =5(1-2e-2) (V)
A

Hinh B 1.23

1.24. Tinh cac dong dién ii(t)
va it) theo dong dién i(t) A
trong so d6 mach dién
hinh B 1.24:

AyxF

Hinh B 1.24



1.25. Hiéu thé & hai dau cuén cadm L = 1/3H thay d6i theo thoi gian t dugc biéu
thi bang biéu thuc:

''0, t<O

vL(t) = 4 O=t=d V)
-2, 4<t<10
0O t=>10

Tinh dong dién chay qua cudn cam do. Biét rang tai t = 0 dong ban dau
iL(0) =-12A.
1.26. Dong dién chay qua cudn cdm L = 0,25H thay déi theo thoi gian t duoc
biéu thi bang biéu thirc: iL(t) = 4te 1
Tinh:
a) Hiéu dién thé hai dau cuén cam do.
b) Cong suat p(t) ctia cudn cam.
¢) Nang lugng tich tu trong cuén cam dé.
1.27. Hiéu dién thé hai dau cuén cdm L = 0,5H duwoc biéu thi bang céng thikc:

0, O<t<?2
VvL(t) = 0,2t- 04, 2<t<6 (V)
0,8 t>6
Tim dong dién chay qua cuén cdm do. Biét ring dong dién ban dau bang khéng.
1.28. Hiéu dién thé hai dau cuén cam L = |11 dwogc biéu thi dwéi dang:
0, o<t<l
vL(t)= 4(t-1), I<t<2 ) i) L=1H
-4(t-3), 2<t<3 /w \
0, >3 vi(®)
Tinh: Hinh B 1.28

a) Dong dién chay trong cudén cadm doé.
b) Céng suat ctia no.
¢) Nang lwong chira trong cudén cam do.
Biét rang cudn cam khéng c6 dong dién ban dau.
1.29. Tim hiéu dién thé hai dau A va B trong mach dién hinh B 1.29:
R=ion L=01H

YYYV
i) =+e-l

i®

Hinh B 1.29



TRA LOI VA HUONG DAN giai

A d(8t3-21t2)
LI, it =iaiil =- T —=---- =8t2-4t(A)
dt dt
12,
40 = |i(t)cit +q(0) = |4sin(3T)dx +0 = cos(3t) Ig = cos(3t) +—(C)
0 0 3 3 3
13.

Trong khoang thoi gian tr 0 dén 2s dién tich q(t) = 2t (C).
Trong khoang thoi gian t > 2s. Bién tich q(t) tinh duoc tir cong thurc:

qt)=)- 2e“2AT2>dx +q(2) = )- 2e“2T2dT +4 =

2 2

=c-2x-2) 1+4 =e 202> +4(C)

0, t<O 0, t<O0
Vay: i(t)= 2,0<t<2 (A)=q(t)= 2t,0<t<2 (C)
_Ze_'Z(*_Z), t>2 4+ 2002t >2

14 i@®=n~  (4-e"5)=20e 5 (A)

* 1 4 4
15. q(t) = ji()dT + q(0) = |41 - e 5NAT+0=4t +—e 5 —(C)
0 0 5 5

1.6.

Trwong hop 1) Von ké chi £ V.

Trwong hop 2) Von ké chi: 0 V.

Trwong hop 3) Von ké chi 0 V.

Trwong hop 4) Von ké chi 2t V.
1.7.

Goi dong dién qua cac ngudn dién lan luot la 1], 12 1, va dong dién qua R
la I. Theo bai ra, ta c6 cac phuwong trinh:

[13
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1.8.

1.9.

T do6 tim duwoc: |, =12=1A; 1, =0; | =2A vaR =0,80.

u?2
Goi R la dién tr¢ ctia dong co, ta tinh dwuoc R = — = 40Q .
p
Poéng co hoat dong binh thudong véi dong dién la | = U/R = 3A.
Dong dién nay duwoc cung cap bdi bd &cquy.
Gia sir mac n Acquy ndi ti€p va m hang song song, tacé m.n = 36.
Khi d6 dong dién | duogc cung cép la:
ns 12n
1= =3
nr 2r
R +-- 40 +
m m

Ta tim dwoc hé 2 phuong trinh dé xac dinh m, n:

U0 +— =4n
m
mx n =36

TUr d6 xac dinh dwoc m =3 va n = 12. So d® méc nhu trén hinh BG 1.8

Ei +e2 . E| -€2 s, + E-
a l, = va |-, = m
R+I1+R R+r + 1% 8, -e?2
15 6+E£-
May: e2=3V;r2=1Q
05 6-¢9

b) Tinh hiéu dién thé BC:
Trwong hop £, va t 2cung chiéu:

VB-Vc-£2=-1,r2=Vw=€2-1,r2=3V-(I,5A).in= 15V

11



Trwdng hop £i vat 2nguoc chiéu:

VU- VC+E2=-122=>wic=- t 2- 122=—3V - (0,5A).1Q =-3,5V
1.10. Tai nat A ta c6 phuwong trinh:
2+ 1=i+4 =i=-1A
D6 tinh s.d.d. clia ngudn £, ta tinh hiéu thé gitra A va B:
Va-V b-12V= 0
VA- VB- 4V -1+5V =0
T do6 ta tim duoc:
12V =4V + £ - 5v=> £ = 13V
1.11. Tai n0t A: 2=12+6 = 12=-4A

Tai nUtB: 3=14+6 =14=-3A

Tinh cac hiéu dién thé:
VA- VD=6V =-t2=>t2=-6V

Mat khac: VvV"-V, =VA-V B+VB-V D
6V =-t, - (-2V) =&, =-4V
vb-vd=vb-vc+tvc-vd
~(2V) =4V-E6= =2V

1.12. TainuatB:5 +1 =2=>|1=5- 2=3mA

TaintC: 1+i,=2 =i, =2- 1=ImA
Cbng suat cung cap bdi cac ngudn thé:
p,v =(2.10 ,A)(3V) =6.10'3V
P2V =(1.10 'A)(2V) =2.10-W
Cé hai déu la ngudn phat dién.
1.13.

Goi |,, la dong 1én nhéat dién ké G c6 thé chiu duwoc. Khi do dong Ién nhat
ma chét 1va 2 c6 thé do duoc la:

1,2=2A =1,(L+1iii-) )
Sl
Khi d6 dong I6n nhat ma chét 2 va 3 ¢6 thé do duoc la:

IZ=3A=1 QA+il™-) 2
s2

12



1.14.

Va dong I&n nhat ma chot 1 va 3 cé thé do duoc la:

13=1.0 +- g 3) 3)
S| +s5,

Tw 3 phuong trinh trén, ta tim duoc:

s, ., 3 S| +5S,
—va—-= — =1+ 13 =1,2A
3 § lis s2

a) Khi K mé, dong qua cac Von ke la:
210V
1= =3.10“ A
(4 +3)10 Q
V, chi Ixr, = 3x4.10=120V.
vi chi Ixr2=3x3.10=90V.
b) Khi K déng, mach dién c6 dang nhu trong hinh BG 1.14:
Diéu kién dé hai von ké chi gibng nhau

la R| = RIZ tr d6 tim duwoc hé phuong re -~ -0 — ]
trinh dé xac dinh Ri va R2la:
3R- 4R, R

3+R2 4+R,

Rl +R2=30kQ Hinh BG 114

Hay: Rf -54R, +360 =0

Giai ra ta dwoc: R, = 7,79kQ.

Céac von ké chi gia tri: 210V/2 = 105V. Dong qua von ké Vi la:
I, =— =26,25.1(T3A

Dong qua von ké V, la:

105
=35.10-3A .

Dong qua khoa K a:
I =12-1 =35.10'3A -26,25.10-3A =8,75.10-3A
c) Khi K déng, dé Vv, va V2khéng déi, thi dong qua khoa K bang khéng.
Khi d6 cau can bang:
I:QAD 4 RAD
Rpg 3 30-R,p

Tw d6 suy ra RAD= 16,67kQ.

13



1.15. Cac Ampe ké c6 dién trd khong dang ké, nén so dé nhuw hinh BG1.15. T
do tim dugc dong dién | trong mach chinh la:

8 6V
r+R, 02+ R RR,
R,R, 4R,R, +RIR:
=2,18A R,
0,2 +2,55
Dong qua Ampc ké A2
IR=1-1, (dong quaR,)
= 2,18x2,55
r =IRU ~ 0.56A
=R 10 Hinh BG 1.15.
Vay: IA=2,18A - 0,56A = 1,62A
Dong qua Ampe ké A,:
IA, =1- 1, (Dong qua R,)
2,18x2,55
X2™% 20,03
> R,
Vay: lai =2,18A-0,93A= 1,25A

1.16. Theo so do, hiéu dién thé gitta A va B:
VA- VB=-4(2 - i) + 4i
Mat khadc: VA- VB- 24V =0
T do tim dwoc phuong trinh xac dinh dong i la:

-4(2 - i) +4i =24V =i=4A
1.17. Khi K mé&, khéng c6é dong qua
R4, nén mach dién c6 dang nhw
trén hinh BG 1.17:
Dong dién qua Ampe ké tim

duoc &
2e )
la =
2r +R ¢

Trong do:

r=0,5Q; ;£ =3V, IA=1,2A. Hinh BG 1.17.

(R, +Rx)(R2+R3)
R bc (2)

-~ R| +RXx+ R2™"3

14



1.18.

Thay cac gia tri clia IA £ va r vao biéu thic (1), ta tim duoc:
12=— — =1,2V +1.2RBC =6V
1+ RRC
Thay cac gia tri clia Ruc, Ri, R2 R, va (2), ta tim duwgc gia tri clia Rx:
4Q = (2+ R x-12 =>R = 4Q
14+ R X
2) Tinh cwdng dé dong dién qua Rx

] +12+ 1,2A =12=0,4A val, =0,8A.
3) Hiéu dién thé gilra hai diém D va F:
VD- VF+t =I|RX+IA =VD- VF=(0,8)(4) + (1,2)(0,5) - 3=0,8V
Vay: UDCF= 0,8V
4) Khi K déng, ta thay:

R, R2 2 _4_ 1

Rx R3 4 8 2
CO nghia la cau théa man diéu kién can bang, nén khéng c6 dong qua R4,
tuong duwong nhu truvong hop khdéa K mé. Cé nghia la khdng cé sy phan bo
lai dong dién & trong mach. Ampe ké khong thay doéi gia tri chi thi 1,2A.

. c

Cau & trong trang thai can bang
ncn mach dién c6é so do tuong
duong nhv trong hinh BG 1.18. B
Tlr d6 tim duwoc dién tré gitra hai
diém A va Bla:

1 11 1 2 D
R ab 2R 2R R R
Hinh BG 1.18
Suy ra RAB= 75
Hiéu dién thE UAB=RAB = — |. Tlr d6 tim duwgc dong dién qua cAc nhanh

lan lwotla: I, =12=JL_-1 va I, =-A
2R 4 R 2

15



1.19.

16

Goi dong dién qua dién tré Ri la It
Goi dong dién qua dién tré R2la 12
Goi dong dién qua dién tr&¢ R, la v
Goi dong dién trong mach chinh 1a I.
Tai nUt A, taco: | =1, +12
Tainatc, taco: I, =1] - 12
Hiéu dién thé U AB
um=i - ri =R]|l] +RA2=R\Il, +R,l, +R,l, =2R,l, +R,I,
Hay: Nl +12r =R, +RA2=2R|l, +R3(li - 12
£ = (R2+ 1)I2+ (R, +NI| = (2R| +Rj)Ii ~R32
Tw day thu duwoc 2 phuong trinh:
£=(Ri +nNlt+ (R2+r)I2
E=(2RI+R,)I,-R32
2R, +R I, —£

Tw phuwong trinh (2) suy ra: 12 =
R 3
Thay 1?tr (3) vao (1), ta tim dugc:
s= (R2+r)2R|iik H 1 — + (R1+ r)l
R3
Tl day tinh duoc |,:
o (R2+R3+r)e .
(2R] +R3)(R2+r)+R3(Ri +7r)
(R2 + R3 + r)t
2RIR2+ 2Rir + 2R3r+ R2R3 + R IR3
Thay I, tir (4) vao (3), ta tinh duoc 12

ey . + R 3 - 0 E e

2R|R2+2R|f +2R3r+R2R3+R iR 3
Dong dién I, = 1| —12
(R] +R-2 +2ng
2R|R.2 + 2R|T + 2R3r+R2R3 + RiR .3
Dong dién mach chinh | =1, +12
(R] + R2 +2R-j)e
T 2R|R.2 + 2R,r + 2R3 + R 2R 3+ R|RA

13-
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1.20.

bién tro gira hai diEmAB:
UAB e-rl 6
- - T
I I
Thay gia tri tinh dwoc cla I, ta tim duoc:

n 2RjR2+R,R3+R2R3+ R ,r-R2r

Kar ~ -

Kad -

Trwdng hop khi R, =0 (tvong duong voi mac dién ké), khi do:
D _2R,R2+R,r-R2r
K AR — * ”
r,+r2

Trwdng hop khi R 3= Q0 (twong duong véi mac mét von ké), khi do:

R] +R2
Rab- - ~
1 ¢ .
* 2 <t ic(t) =0, nénvec(t) = — [i(x)dT +vc (0) = jOdT = ov
co 0
vc(2) = OV.
* 2<t < 6: ic(t) = 0,2(t-2) (A), nén:
t t
ve(t)= 2 12(x-2)dT +vc(2) =0,2t2-0,8t =0,2t2-0,8t +0,8(V)
0 2
vc(6) = 3,2V.

*t>6, ic(t) =0,8 (A), nén:

ve(t) = 2jO,8dx +vc (6) =1,6” +32=1,6t- 6,4 (V)
0

Cbng suat cla tu C:
0, > 2
pt) = v()i()= 0,04(t- 2)2, 2<t<6 (W)
1,28(t-4), t>6

Nang lwgng chira trong tu C:

0, t>2
W(t)= jp(x)dx + W(0)= 0,01(1-2)3, 2<t<6 (J)
0 0,8(t-4)2-0,64, t>6
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Dong, thé, cong suét va nang |wong chira trong tu ¢ dwoc vé trén hinh

BG 1.20 nho MATLAB

The, dong va cong sual cua tu C

0 2 4 6 8
Thoi gian.s

Hinh BG1.20

1.21. a) Hiéu dién thé gitta A va B:

VAB(t) = VR(t) + vc(t)

Nang luong chua trong tu C

0 2 4 6
Thoi gian.s

t

Ji(x)dx +v(0) =5j3eb5tdx = 3(ext -1) (V)
0

Trong d6:  VvR(t) = Rxi(t) = 15.e5 (V)
| <
ve(t)=-»
cO
Do do:

b) Nang luvgng chira trong tu C:

VAB(t) = VR(t) +vc(t) =15.e8+3(e5-1) =18es'-3 (V)

We () = lcvA(t) =i.0,2[3(e5 -1)f =0,9(ex-1)2

1.22. Dong i(t) = iR(t) + ic(t).

2,
ic(t) =C- AF 1
dt ’
01
2t - 4,
8-1
0,
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2<t<4

4<t<8 (A)
cac khoang khac
2<t<4

4<t<8 (A)

cac khoang khac



2t - 2, 2<t <4
Vay: i(ty= 7-1 4<t<8 (A)
0, cac khoang khac
vab (i 51 —2e 2t oo 0 2t o, A,
1.23. iRy = 2P0 =2 A s 0 By
R 200.10
5(i-2e-2I)1 y
ic(0=cC dV’SB(t) = (10.1(T6) - > N 200e 2 (ma)
t
i(t) = iRt) + ic(t) = 200e“2+ 25 -50e*2L= 25 + 150.e°2 (MA)
1.24. Bién doi mach dién:
12].iF 5 :
_____ [H h k.‘ i
(07 () A — i 'r 29
- 8(iF ‘OnF i AuF onr ser M
B_
b
i _ 10
i
) J .
Hinh BG 1.24
Tl so do d), ta thdy thé trén hai dau tu bang nhau va bang thé vAR(t), nén:

c, c2

Mat khac:

Do vay: i[(t) = %(t)

8 4 v Ly

i()=ii(t) + iZt) = 3iAt) =i2(t) = —i(t)

1.25. * 0 <t<4, thé v,(t) =4, nén dong:

1 :
iL(t)= - [4dT-12A =3j4dT-12A12t-12 (A)

L O

0
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iL(4) = 12(4) - 12=36 (A)
* 4 <t< 10, thé viit) =-2, nén dong:
t

iL(t) = 3J- 2dx + 36A =-60t - +60 (A)
0

i(10) =0 (A)
* t>10, thé V|(t) = 0, nén dong:

iLl(t)= 3j0dx +0=0 (A)
0

1.26. a) Tinh hiéu dién thé:

vi(0O=L ~ =0,25-j-(4te~")=(1- t)e" (V)
dt dt
b) Cong suat tic thoi cda cudn cam:

p() = VLDIL(D) = (L- te™ (4te_1) = 4t(l - t)e 2* (W)

¢) Nang luvgng chira trong cudn cam:
W (t)= i2u i(t) :j2(0,25)(4te—')2 =2tv2 ()

1t
127. *0<t<2: vl(t) =0, nén iL(t) :—6VL(x)dT +iL(0) =0(V)
L

*2<t<6: vl(t) =0,2t-0,4 (V), nén

*

iL(t) =2j(0,2x - 0,4)dT+VL(2) =0,2x2- 0,8t]' +0 =0,2t2- 0,8t+0,8(V) i

2

1(6) = 0,2(6)2- 0,8(6) +0,8 =3,2 (V)

* t>6: vL(t) =0,8 (V), nén iL(t) = 2jo,8ck +iL(6) = 1,6t -6,4(V)
6

0, O<t<?2
vay: e vVvL(t)= 0,2t-04, 2<t<b6 (V)

0,8 t>6
0, 0O<t<2

= iL(0 =-0,2t2- 0,8t+0,8 2<t<6 (A)
1,6t - 6,4 t>6
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1.28.

*0<t< L vlL(t) =0, nénil{t) = —]v L(x)dx +iL(0) = Jodx'=0 (A)
0 0

iL(1) =0(A).
* 1< t <26: VL(t) = 4(t-1) (V), nén:

i) = j4(T-DdT +iL(l) =2T2- 4x1+0 = 2t2- 4t + 2 (A)

iL(2) = 2A.
* 2 <t<3, VL) =—4(t-3) (\), nén:

1(0= j- 4(t- 3)dx +i =1- 2t2+12¢|]1+2 =-2t2+ 12t -
(0 j- 4 3)d iL(2 1- 2¢2+12¢|]1+ 2 2t2+12t-14 (A
2 2

iL(3) =-2(3)2+12(3)-14 =4(A).
*t> 3, vL(t) =0, nén

iL(t) = R jlv L(x)dx +iL(3) = jt'Jdt +4(A) =4 (A)
L0 0

Cong sudt clia cudn cam L:
0, O<t<l1
4t-DH((2t -4t +2), 1<t<2
W)
4(t - 3)((-2t2_+ 12t-14(), 2<t<3
0, t>3

p() = v(Di(O=

Nang luong chira trong cudn cdm L:
0, O0<t<1
2t(t-2)((t2-2t +2), 1l<t<?2
W(t) = IJp(T)dT + W(0) =
0 2t(t3+4t2-22t-84), 2<t<3 (J)
-522, t>3
1.29.

vab(0 = VR(t) + VL(t)
VR(t) = Ri(t) = 10(4te-) (V)

vL(t) = =01d(4te~} = 0,(4e~" -4te_I) (V)
L dt

dt

Vay: VAB(t) = VR(t) + VL (t) = 40teH +0,I(4e* -4te~") = 0,4e" +39,6te"1(V)
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Chuwong 2

BIEU DIEN PHU'C DONG DPIEN
VA MACH BPIEN XOAY CHIEU

DE BAI
2.1. Tinh so6 phtc sau:
Z,=(2+))+(@4+2) ; z2=(2+))(I-));
z3=8—;24=2+2j; z5=(2+2))(1-j); z6=T"u

1-j 1-J
2.2. Tinh céc biéu thirc sau:

(-5-j6)(7-); S,3Z- 90° x6,7Z - 20°
(3 +j6) 7,52531° (2 +jl
(—5—i6) "’ 6,72-20°" 7j(16 +j7)(16-j13)
2.3. Cho céac sb phirc Z| =3 +j4; Z2=-12 -j5, tinh cacbiéu thirc sau:
Z| +22 Zj—Z2" Zi 22
Zi/lz2 Zj-; -JN2

2.4. Biéu dién cac dong dién phirc sau day dudi dang cac ham lwong giac:
i, (t) = 5e-atej{ctHp) + S5e-ate~j(wt+(p)

To (t) = 5ej(“tH(>) +3e_j)t+p)
2.5. Str dung phuong phép sb phtrc, tinh bi€u thic sau:
v(t) = 25sin(cot+30°) - 10sincot + 15coscot
2.6. Tim tong tré ctla mach dién cho trong hinh B 2.6 sau.

j4Q

Hinh B 2.6.
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2.7. Biéu dién mach dién sau day dud¢i dang tré khang phtrc, sau dé tim .téng
trd clia mach dién cho trong hinh B 2.7, tai tan s6 60Hz.

10mH 20
- mnn
1Q 10(jF
Hinh B 2.7.

2.8. Tim dong dién chay trong mach dién cho trong hinh B 2.8.

2.9. VEé mach dién sau day dugi dang tréd khang phtrc, sau dé tim téng tré clia
mach dién cho trong hinh B 2.9, véi is(t) = 2cos(1000t + 120°)A.

2n 1H

is®)

© >10mH m 2mH

Hinh B 2.9.
2.10. Trong mach dién hinh B 2.10, dong i = 2sin(1000t) (A). Tinh hiéu dién
thé hai dau dién trd R va cudn cdm L va hiéu thé u. V& gian do pha cta
mach dién.

i(t) 300 40mH

(@l

a) _ -
Hinh B 2.10. Biéu dién dong va thé trong mach RL néi tiép trén Iinh vuc:'
a) Thoi gian; b) Tan s6 cua bai toan 2.10.
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2.11. Trong mach didon hinh B 211, ngudn thé v(t) = 250sin(1000t) (V). Tinh
hiéu dion thé hai dau dién tré R va cudn cadm L va dong dién i(t). V& gian
do pha ctia mach dién.

| R 30n $J400
_ 1= 3. nnnn__

rd

O V =250Z00

Hinh B 2.11. So d6 mach dién cho bai tap 2.11.
2.12. Dong dién i(t) trong mach dién hinh B 2.12a c6 dang i(t) = 4sin(2000t) (A).
Xac dinh cac thé trén hai dau dién tré R, C va thé ngudn v(t). V& gian do
pha ctia mach dién.

C=10|iF

o)
Hinh B 2.12. Biéu dién dong va thé trong mach RC néi tiép trén Iinh vuc:
a) Thoi gian, b) Tan sa cua bai tap 2.12.

2.13. Nguon thé v(t) trong mach dién hinh B 2.13 c¢6 dang v(t) = 104sin(2000t) (V).
Xéac dinh dong dién i(t) va sut thé trén hai dau dién tré R va tu C. Vé gian
do pha ctia mach dién.

i® I UR

R =1200—- ‘
“l c=10nF v

Hinh B 2.13. Biéu dién dong va thé trong mach RC néi tiép trén Iinh vuyec:
a) Thoi gian, b) Tan s6 cua bai tap 2.13.

2.14. Xac dinh thé tong cong va vé gian do pha cla mach RLC néi ti€p cho
trong hinh B2.14. OR ue !}(I

—_c /IYYYV
30n  _j3ofi j90Q
I=2z0°A
-G-
\
Hinh B 2.14

2/\



2.15. Ngudn thé xoay chiéu trong mach dién hinh B 2.15 c6 dang:
v(t) = 50sin(400t) (V).
Hay xac dinh dong didn chay trong mach chinh i(t) va trong cac mach ré
qua R va L. V& gian do pha ctia mach.

R 40n

i(®)
=250mH
_nmn _
v(t)

o
a)

Ir 400

I, j100Q
> rYYYV

O

N o)
Hinh B 2.15.

2.16. Tinh dong dién trong mach chinh i(t) va trong cac mach ré trong so do
mach dién cho trong hinh B 2.16. Biét rang ngudn thé xoay chiéu v(t) =

100sin(2000t) (V)

5011
e Lim —%—
| le H25Q

Hinh B 2.16.

2.17. Xac dinh dong dién trong mach chinh va cac dong dién trong mach ré ctia
so dd mach dién cho trong hinh B 2.17. Biét rang ngudn thé xoay chiéu
v(t) = 400sin(1000t). Vé gian do pha ctia mach dién dé.

a) 'r R=100Q
i) ic  C=20|iF

L =0,2H
—»— TYTYV

Qo

b) IR ioon
lc H50n
Ih
I j200n
-rrrryv
- O -
Hinh B 2.17.
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2.1S. Tim dong dién i chay trong mach dién cho trong hinh B 2.18.

R, 1fi

v=12z O°v

2.19. Tim dong dién i(t) chay trong mach dién hinh B 2.19

2n
Ci-TYYYV
10mH
R
O V=12isin(377t)V C 10uF
R, M

Hinh B 2.19.

2.20. Tim dong dién i(t) chay trong mach dién hinh B 2.20.

| 20 40 i 20 2n
o»—1 o——{
2 C 500nF é
O 10mH
V =6sin(377t)V V =6Z0°V

Hinh B 2.20. Mach dién cta bai tap 2.20.
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2.22. Tinh gié tri ciia ngudn thé V trong mach dién trong hinh B 2.22. Biét ring
hiéu thé & hai dau dién tré R2la Vi =4Z0°V.
\/S Ve
Il
-Hl- _mn-

2n

Hinh B 2.22.
2.23. Xac dinh gia tri cia cuan cAdm L trong so d6 mach dién cho trons hinh
B 2.23 dé dong va thé dong pha véi nhau.
i®

4n
v(t)=12csin( 1000t+75°) (‘)
100nF
Hinh B 2.23.

2.24. Xac dinh thé vQ(t) trong so d® mach dién hinh B 2.24. Biét ring cac ngudn
dong i|(t) = 200cos(10% + 60°) (mA); it) = 100sin(10% + 90°) (mA) va
nguon thé vs(t) = 10sinC 103 ) (V). Dung gian do pha dé xac dinh vc(t).

250pF

i(0)

Hinh B 2.24.
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2.25. Tim hiéu dién thé hai diém A va B trong so d6 mach dién hinh B 2.25.
Biét rang ngudn dong i(t) = 20sin(377t + 120°) (A).
A

| . 1000(iF
i(t) = 20sin(377t+120°) (A) Q ~

Hinh B 2.25.

2.26. Tim sut thé trén hai dau dién tr& R, trong mach dién cé so do6 cho trong
hinh B 2.26. Biét rang ngudn thé v(t) = 8cos(10t + 15°).

C
Hh
250(iF
Ri 200 L, L2
A 1. rrerN o orrer v3
V, 4H 8H
v(t) 6 R2ioon Rj50N
Hinh B 2.26.

2.27. Tim dong dién i(t) va thé & hai dau tu C vc(t) trong so dd6 mach dién cho
trong hinh B 2.27. Biét rang hai ngudn thé c6 gia tri la:
v,(t) = 5c0s(1000t) (V); vAt) = 2cos(1000t + 75°) (V)

Hinh B 2.27.
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2.1.

2.5

2.6.

2.7.

TRA LOI VA HUONG DAN giai
Z| =6+3j
Z22=6+3j2+ j-2j-j2=3-]j
1+j 1 2+j+2j+j2  1+3j
NnI+]d - +j-j2 ~ 2
.n

Z4=2>/2eJ4 vi Vé =2V2 va tan_, (l)=-
4

al 7
zs=2V2eJ4.V2e J4=4ejo=4
vl
T g
6= 1 =2eJ2=2j
V2e"j4

Chon truc thuc Ox = coscot; do vay:

sincot = cos((ot-90")
va sin(cot+30°) = cos(cot-60°)
Khi do6, biéu thirc v(t) duoc viét dudi dang:

V=25.¢e- 10.e-*'+ 15 = 12,5-j.12,5>/3+j.10 + 15

=27,5-j.1 1,7 = 30.e -j23= 30 cos(cot - 23°)

Vay: v(t) = 30cos(cot - 23°)
Z=" = J1li7=n 2 " =2,4/36,90»n
3+j4 3+j4 5753,1°
_ I(2+XC) ) ., 10;
zZ = +XL; XL =j0,377;Xc =-]
I+(2+Xc) 377

Do vay: z =1+j3,77 Q

jiecrvon 20 o = 2itf = 377
mnryv

10 -j1050)n

Hinh BG 2.7.
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28.

2.9.

2.10.

2.11.

30

7 LLil>=0.5-j0,5;z2= 2 00)
1 1-jl K <JJZ)w(LJ ))
z=247, +7=®

$s=2Z120° A ;z, =2 +xc+X2=2+jlQ

Tong tré cha mach dién:
7 = XLIZ1 _ 6.4,
X1 +Z1

V =18Z=47156,9°V : vay v(t) = 4cos(1000t+156,9°) V.

Trong ITnh vuc tan so:
| =2Z0" (A); XL=jcoL=1000x40.1(r3=j40Q
T do6 tinh dwoc:

UR=RI =30x2z 0’ =60Z0° (V)
u, =I(XL) =2Z0° X40Z90" = 80Z90° (V)

V =UL+ UR=80Z90° (V) +60Z0° (V) =60 +j80 (V)
Hay: V = 100253,13° (V)
Trén Iinh vuc thoi gian:

VR(t) = 60sin(1000t) (V)
vL(t) = 80sin(1000t +90°) (V)

v(t) = 80sin(1000t +53,13°) (V) 53,13°

Gian dd pha trong hinh BG 2.10: URe 607050

Hinh BG 2.10.
UR=RI =301

VL= XL =J40l
V = UR+ UL=(30+j40)I
25020 25020

=>7 = =50Z - 53,13
30 +j40 = 50253,13°

UR=301 = 30x5Z-53,13° = 150Z-53,13° (V)

UL=j40l =j40x5Z-53,13° =40Z290°X 5Z-53,13° = 200236.87° (V)



Trén linh vuc thoi gian:
i(t) = 5sin(1000t-53,13°) (A)
VR(t) = 150sin(1000t-53,13°) (V)
vL(t) = 200sin(1000t+36,870) (V)
Gian do pha trong hinh BG 2.11.

Hinh BG 2.11.
2.12.Biéu dién mach dién du¢i dang tan s6 (hinh B 2.12 b), ta tinh duoc:
| =470" (A)
—ch=—j—l =-j ' =-j50Q

coC . 2000(10.10'%)

UR=RI = 120x4Z0° =480Z0° (V)
uc=Xa = (-j50)x4zZ0° =50Z90° x 4Z0° (V)= 200Z-901 (V)
V =UR+uc=480Z0" +200Z-901=480 - j200 =520Z2-22,62°
Trén ITnh vyc thoi gian:

VR(t) = 480sin(2000t) (V)

vc(t) = 200sin(2000t - 90™) (V)

v(t) = 520sin(2000t - 22,62°) (V)
Gian dob pha trén hinh BG 2.12.

Hinh BG 2.12
2.13. Tlr so d6 hinh B 2.13, ta tinh duoc:

Y 10420 10420
| = crmemeem=— — — = _.....=0,8222,62  (A)

R-jXc 120- j50 1302z-22,62



UR=RI =120x0,8222,62° =96722,62" (V)
uc=(-jXc)l =(-j50)x0,8222,62° =407™-67,38° (V)
Trén linh vyc thoi gian:

i(t) =0,8sin(2000t+22,62°) (A)

VR(t) = 96sin(2000t+22,62H (V)

Ve(t) =40sin(2000t- 63,38™) (V)
Gian do pha trén hinh BG 2.13.

2.14.
v =UR+UC+UL =(R-jXc+jXD)I
= (80 - j30 +j90)(2Z0°) = (80 +j30)(220°)
= (100236,87°)(220°) =200236,87° (V)
Gian do6 pha trén hinh BG 2.14.

VL=180Z90°V
\Y =200236,87°V

# Vr=160Z0°V
| =2Z0°A

vc= 60790°V
Hinh BG 2.14

2.15. Tr so d6 hinh B 2.15, ta tim dwoc:
V =50Z0" (V)

V 50z0
R= —
R

= =1,2520 (A)
40

. V  50Z0° 50Z0° A,y .
IL= —— = —_— =—- :0,52-90(A)
jiXxL  jioo 100290
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| =IR+IL=1,2520"+0,5Z2-90"= 1,25- jO5=1,352-21,8° (A)

Gian do pha trén hinh BG 2.15.

2.16. Tlr so d6 hinh B 2.16, ta tim duoc:
V = 100Z0° (V)

\Y >paz™N =220,
R 50

Vv 100Z0°  100Z0°
-jXc  -j25  25Z-90

Ic =

| =IR+1c=2Z0° +4Z-900=2- j4 =4,47763,4° (A)

Trén ITnh vuc thoi gian:

iR(t) = 2sin(2000t) (A)

ic(t) = 4sin(2000t+90°) (A)

i(t) = 4,47sin(2000t + 63,4°) (A)
Gian db pha trén hinh BG 2.16.

2.17. Ttr so d6 hinh B 2.17, ta tim duoc:
V =400Z0° (V)

vV  400Z0°
Ir= -T = =4Z0 (A)
£ 100

=4790°

(A)
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V _400Z0° 400Z0° 0
|, = — S et = 27 - 90
iX L j200 2002900
v 40QzQ0 _  40QZQ0
Ir = QzQ0_ 400200 _ - o5 (A)

-jXc - j50 50Z-900
| =IR+Ic+1L=4z0° +2Zz-90" + 8Z90"
=4-j2 +j8 =4+)6 =7,21256,3° (A)

Trén Iinh vy thoi gian:

iR(t) = 4sin(1000t) (A)

ic(t) = 8sin(1000t+90 ) (A)

IL(t) = 2sin(1000t-90°) (A)

i(t) = 7,21sin(1000t + 56,3°) (A)
Gian do pha trong hinh BG 2.17.

2.18. z, =R3+Zl = 1+jlQ
=R4+Z12=4 +j2fi
23 = 2IR2 _og+joa
Zl +R2

24 = 2201 _ 516 +jo,88
22 +(jl)

TOng trd Z clia toan mach:
Z =Ri +z,+z4+zu =6+0,8 +j0,4 +0,16 +j0,88
=6,96 +jl ,28 =8,74237,2° Q.
Vay dong dién chay trong mach tim duoc la:

1270
1-~ -, =1,382-37,2° (A)
Z 8742372
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2.19. Tlr so d6 hinh B 2.19, ta tinh duoc tong trd ctla mach dién:
Z =jx L+ (RZ/ (R ni tiépjX c)
—iXL4 Ix(2-ixe) _ 3,77 £ 279256 1+j3,77  (Q)
l+(2-jXc) 3-J256
T do tim duoc:
I v _ 120z0°  120z0°
77 " 1+§3,77 3,9Z75,14
Vay: i(t) = 3,9sing(377t + 75,14°) (A)
2.20. Tlr so d6 hinh B 2.20, ta tinh dwoc téng trd clla mach dién:
Z =R2ndi tiép voi jX|y/ (Ri nbi ti€ép jXc =
¢ (XL)Xx(4-jXc) 5, (i3,77)X(4-J531)
JIXL+(4-jXc) j3,77 + 4-j5,31

=30,772- 7514 (A)

_R

_ (3,77Z90°)x (6,65Z - 53°)
4,29M-21,06°
Tt d6 tim duoc:

=7,117244,3° (Q)

1 Vv 620°
=0,84Z -44,3 (A)
z 71,1174431
Vay: i(t) =0,84sing (377t - 44,3°) (A)

2.21. Tl so d6 mach, ta thdy mach dién gom 4 doan mach ghép néi ti€p nhau:
Dién trd ndi ti€p védi doan mach gbm R2song song véi R3noi ti€p véi doan
mach gém tu ¢ ndi ti€p véi L, ghép song song v&i R4 ndi ti€p voi va
cubi cung ndi ti€p véi L4 Vi vay tré khang gilra hai dau A va B duoc tinh
theo céng thic:

Y =R + R2x(R| +]jXLI)+ (jXL3-jXc)x(R4+JIXL2) +
AB 1 R2+(R,+jXLl) (jXL3-jXc)+(R4+jXL2)
=6+ (0,8 +j0,4) + (0,16 +j0,88) +j4 = 6,96 +j5,28 (Q) =8,7361237,1847°Q
ZMB=8,747237,2°Q
2.22. Mach dién tuwong duong véi so do hinh BG 2.22:

RO

n T- i
Hinh BG 2.22.



Twr so db twong duwong nay, ta thu dwoc cac phuong trinh:

VA-V B=V, =4Z0° (V) =R22. |2=A- = 420 _ 570 (A)
R2
V, 470° 470° 470° .
—- =2(1+j)=2V2Z45 (A)
1-jl  1-jl V2Z-450

I, =-(1, +12) =-<2+ 2 +j2) =-(4 +j2) =- 4,47226,56]) (A)
Chiéu cla I3ngugc véi chiéu chi trén so do.
Vet khéc: VA- VB+vs=Z2] =>vs=7a3- Vi
=(2+j1)X(-jl) (4 +j2) _4zQO(V) =

2+jl-jl
(1- j2)(2 +jl)- 4Z0° (V) =-4 +j3- 4 =-8 +j3 =8,547159,44° (V)
vay VsS= - 8+j3 =8,547159,44° (V).

2.23. bay la mach dién RLC ndi ti€p, nén tdng tré clia mach dwoc xac dinh:

36

Y =R+jXL- jxc

Néu V va | cung pha nhau, thi tong tré sé cé gia tri thuc; cé nghia la

XL=XC. Trwedng hop nay hién twong cdng huwdng xay ra. T dé tim duoc:
1
I000xL = L =0,01H -jaon
1000x(100.1(T6)
. Bién d&i mach dién va biéu dién . -jXc
mach trén Iinh vuc tan sO, ta ljc D 30Q
thu dwoc so do6 nhuw trén hinh .
BG 2.24a. 1Z.
I, =1, - 2=200Z60° (mA) - 100Z0° (mA) Hinh BG 2.24a.
= 100+ 173,2j- 100
=j173,2 1,=173,2290°(mA)
vs= 10Z-900(V)
. .1 . 1
IXC=-j— =-j—- =-j40Q
coC 105x(250.106)
Tl so do ta co:
Vo  Mi-vs I3R(-jXc) + RVs
I,:—0+ Q s =>v0= () _) =7,30Z - 2,16° (V)
R -] Xc R-jXc



Hay: v,,(t) = 7,3cos(10% - 2,16°) (V)

Gian do pha trong hinh BG 2.24b.

Tl gidn do pha, ta thay:

V,,=VS-V C=>VC=VS-V,,
=102-90°-7,32-2,16°

12,37-126,4° (V)

Hay: vc(t) = 12,3cos(10st- 126,4°) (V)

Hinh BG 2.24b.
2.25. V& so do trong Iinh vuc tan s6 hinh BG 2.25:
A
.-jXc
| =20Z120° (A)
Hinh BG 2.25.
T so do ta thdy ngay:
VA- VB=IzUd
3 1 1 1 1
Trong do: =— +
Zti R jXL jXc
_ 1 1
V6i: Xr= =0,265 (Q)

coC 377 x (1000.10-6)

XL=0)L = (377 X(100.10**) = 3,77 (Q)

Vi vay: T Sy T S S —— O
Zld R jXxL jXc i3,77 -15,265

Do dé: r =0,28Z - 74 [
1+J3.5 3,64774,05

Thé hiéu hai diém A va B bang:
UAB= z,jl (0,28Z-74,05°)x(20Z 120°) = 5,6245,95n (V)

Trén Iinh vyc thoi gian:
UAB(t) = 5,6sin(377t + 45,95°) (V)
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2.26. Biéu dién so d® mach dién trén Iinh vuc tan s6 hinh BG 2.26.

38

HXc
HIl—
-j400n
R, 200 NAl JXw
nrm _
V, #40Q I j80n

100Q Rs 500

B
Hinh BG 2.26.
Chon thé tai B bing khéng, ta thu duoc phuong trinh d6i véi dong dién tai
cac nut:
. V.-V V,-V, V,-V,
* Tai nat Vi =0
R pxuo -iX(

VA - V.
* Tai nuit V2 -2-—1 +R 4y vz=o
j~Ld n2 j~L2
V-v, v, Vv3yv,
+ 3 2=0
-jXc r3 jX L2
Thay Xc =400Q; XU =40Q; xw =80Q ; R, =20Q; R2= 100Q va R, =50Q

vao cac phuong trinh trén, ta thu dugc hé ba phuong trinh xac dinh 3 gia
tri thé VI, V2va v, Ia:

(0,5-j0,225)V| +jO,25V2- j0,025V, =4Z15° (V)
0,25V, + (0,1-j 0,375)V2+jO,125V, =0 (V)
-j0,025V, +j 0,125V2+(0,2-j 0,1)V, =0 (V)

Du6¢i dang ma tran:

'0,5 - jO,225 j0,25 —j0,025 '\/  4z1s5
j0,25 0,1-j0,375 jol2s y2 = 0
-j0,025 j0,125 0,2—oJl V3 0

Dé tim cac thé V,, V2va V, tadung MATLAB dé giai phuvong trinh ma
tran nay. bat:



0,5-- j0,225 j0,25 - j0,025

Z= jo,25 0,1-j0,375 j0,125
- j0,025 jo,125 0,2- jOJl
"V, 4715
V=y2val= 0
v3 0
nghiém phuong trinh tim duoc nho 1énh: V = inv(z)*I. KEt quA M ATLAB cho:

VvV =
6.5869 + 2.76931
4.5866 + 0.03501
0.5579- 1.7643I
» v, = abs(1(3))
Vv, =
1.8504
» c=angle(I(3))*180/pi
c=
-72.4533
Vay trén Iinh vuc thoi gian, hiéu thé & hai dau dién tré R, tim duoc la:
v.,(t)= 1,8504cos(10t-72,4533°) (V)
2.27. Biéu dién mach dién trén Iinh vuc tan 8 hinh BG 2.27, ta duoc:

Hinh BG 2.27.

Gia str thé tai B, VB= 0V, khi do hiéu dién thé gitra hai diém A va B duoc
xac dinh tir phwong trinh:
VA- 2Z75° = (10 +8)I12
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VA= (6 +j5-jlO)lI,
VA- 520 =—(4 - j2.5)I
l=1,+12
T 4 phuong trinh trén, ta tim duwoc hé 2 phwong trinh dé xac dinh céac
dong dién | va | la:
(16 +j3)1,-(10 +j8)I =2Z75°
|[(6-j5)I1+(4-j2,5)1 =5Z0°
Dung M ATLAB giai hd phuong trinh nay, ta thu duogc | va l, la:
I=0.3745 +0.10051 va |, = 0.2760 + 0.3190I
Hay: | = 0.3877215.0193" ; 1, = 0.4218249.13831
Thé ¢ hai dau tu Q: vc=(-jlO)xl, =4.218Z-40.86170(V)
Trén linh vuce thoi gian thi: i(t) = 0,3877cos(1000t + 15,0193°) (V)
va thé trén tu Q la: vc(t) =4,218co0s(1000t - 40,8617°) (A)



Chuwong 3

NHUNG BDINH LUAT co BAN
TRONG CAC MANG DIEN TUYEN TINH

BAI TAP
3.1. Dung nguyén ly chdng chéat, xac dinh thé trén hai dau dién tré R2trong so
dé mach dién hinh B 3.1:
c-jm R, 1Q

3.2.  Dung nguyén ly chdng chét, xac dinh thé 16i ra V(, trong so d6 mach dién B 3.2:

3.3. Dung nguyén ly chong chat, tim dong dién I(, trong manh dién hinh B 3.3.
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3.4. Tim thév,, trong so dd& mach dién hinh B 3.4 dung nguyén ly chdng chat.

R, m

Hinh B 3.4.
3.5. Tim thé V() trong so d6 mach dién hinh B 3.5 dung nguyén ly chdng chét.

R, 1fi

Hinh B 3.5.

3.6. Tinh cac dong dién trong cac mach dién cho trén so d® hinh B 3.6 bang
nguyén ly chdng chat.

----- —T
R, =3Q
12
r2=2Q
A 21 R, =6Q
6.3V Daov
0 - ====mmmesmms—meee- S-----
Hinh B 3.6
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3.7. Tim diénthéV,,Vv 2 vaV, tai cic nit cho trong mang dién wén hinh B 3.7

20n

3.8. Tim dién thé tai cac nat trong mang dién cho trong hinh B 3.8.

20

~N

50 120 V, 150 v4
v, .
5A 200 4n ion X
O 10V

Hinh B 3.8.

3.9. Cho mach dién nhw trong hinh B 3.9. Tinh thé tai cac nat V, va v 2

80 v, o, 160 v2 J
-

rd

12v 321
O 48n 240

Hinh B 3.9.
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3.10. Tinh thé Vi va V 2trong mach dién cho trong hinh B 3.10.

\ooooer (KRS A —
4n
c D3A 30~ 4A
r
Hinh B 3.10.
3.11. Tinh thé V! va V 2trong mach dién cho trong hinh B 3.11
10V
V, v2
Q )2 A 200 30n ~
) sa
Hinh B 3.11.

3.12. Cho thé V, =4V ; V2= 15V va V, = 18V. Tinh gia tri ca cac ngudn
dong 1] va 12 trong mach dién cho trong hinh B 3.12.

- e
v,

©

200 100
Hinh B 3.12.

3.13. Tinh gia tri cac dién tr& R, va R2trong mach dién trong hinh B 3.13.
R
Vv, 5Q
0 _________
3,8V
ZQ 12v 7C1 5,6V
T
Hinh B 3.13.
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3.14. Tinh dién thé tai nat V, va V 2trong mach dién cho trong hinh B 3.14 bing
cach bién déi mach va dinh luat KCL.

60 Vv, 1 80 v2 12 40 Vv,

6 ,2/ m Q ofi 6n 3n

Hinh B 3.14

3.15. Cho mach dién nhw trén hinh B 3.15. Tinh dién thé tai cac nit cho trong so do.

200

ion 40n

O- ©~
Hinh B 3.15.

3.16. Cho mach dién nhuw trén hinh B 3.16. Tinh dién thé tai cAc n(t cho trong so do.

7.8

3.17. Tinh dong dién trong cac mach dién cho trén so do hinh B 3.17 bang cac
phuong phap mét mang déc 1ap Kirchhoff.
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s |

..... l 'i'
R R
0 r 2

Hinh B 3.17.
3.18. Tinh dong dién chay qua dién trd R trong mach cau dién trd h'lnh B 3.18.

3.19. Tinh dong dién chay qua dién tr& R = 8Q ctia mach dién trong hinh B 3.19.

3.20. Tinh dong dién chay qua cac nhanh ctia mang dién nhw chi trén hinh B.3.20.
Biét rang cac ngudn thé Ia xoay chiéu, c6 cung tan sd' va bién do Ej va Ej.

1, = 12
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3.21. Tinh dong dién chay qua cac nhanh ctia mang dién nhuw chi trén hinh B 3.21.
150 5V

3.22. Tinh thé 18i ra trong mach dién cho trong hinh B 3.22 bang dinh luat
Kirchhoff. zc

67N0°v

3.23. Dung Kirchhoff tim thé v,, trong mach dién cho trong hinh B 3.23
i2n
_TYYYV
40

4Z90°A
~ 1 s ©

1270°V )
O 22fi

Hinh B 3.23.

3.24. MOt mach cau c6 so db cho
trén hinh B 3.24. Tim dong
dién chay qua tr& khang cua
tdi zu= 100 - jlOOQ. Cho:
Z, =15 +j20Q; z2=j25Q;
z, = - jlOQ; va ngudn thé

c6 bién do 10V.
Hinh B 3.24.
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3.25. Cho mach dién nhu trén hinh B 3.25. Tinh dong dién chay qua cuén cam
L khi tAc dong mot thé c6 bién dd 100V. Cho R| = 40Q; R2= 60fi va
Il = 16Q; trd khang caa cudn cam la XL=40Q.
R,

24Q
2,5A [
—  — >
R, | R
© ZL=j40n
b)
Hinh B 3.25.
3.26. Thay thé mach dién phirc tap trén hinh B 3.26 bang may phéat thé
Thevenin
z, z3
Z,=14 +j14(ii)
22=4 +j3(n)
Z3=5 +j5(0)
z4=5n
Zs=2-j2(n)
Hinh B 3.26.

3.27. Str dung dinh ly Thevenin, tim thé 16i ra V () trong so d6 hinh B 3.27.

ZL=j2fi
Zc=-jm
R =2fi

E, =620V

Ei =12z45°V
Hinh B 3.27.
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3.28. Xac dinh ngudn thé Thevenin twong dwong gitra hai diém a va b trong
mang dién hinh B 3.28.

l,,= 0,75V,
5n
R
0 r2= 20n v,h E =10020°V
b
Hinh B 3.28.

3.29. Tinh thé 16i ra trong mach dién cho trong hinh B 3.29 dung dinh ly
Thevenin.
70 12745°

6Z0°V

Hinh B 3.29.

3.30. Dung Kirchhoff va Thevenin tim thé v,, trong mach dién cho trong hinh
B 3.30:

j2n

1270°v

Hinh B 3.30.
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3.31. Cho mach dién nhw trong hinh B 3.31. Tim noudn thé Thcvcnin gitra hai
diém A va B trong so do.

Hinh B 3.31.

3.32. Ap dung dinh ly Thevenin, tim thé 16i ra trong mach dién cho trén hinh

B 3.32
80

100 40n
1.5A

Hinh B 3.32.

3.33. Dung dinh ly Norton, tim dong dién |,, trong mang dién hinh B 3.33

-ji2n
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3.34. Dung dinh ly Norton, tim thé I6i ra V(, trong mang dién hinh B 3.34.

3.35. Dung dinh ly Norton, tim thé 16i ra V,, trén hai dau dién tr& R4trong so do
mang dién cho trong hinh B 3.35.

-jXc

3.36. Dung phuwong phap bién dbi ngudn, tim thé 16i ra V,, trong mang dién trén
so do hinh B 3.36.

J

o IxL
IYYYY

Hinh B 3.36.

3.37. Dung phwong phép bién déi ngudn, tim thé 16i ra v,, trong mang dién trén
so do hanh B 3.37.
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6Z0°V

< 5P r-f

R 2n Vo

12z0°V

Hinh B 3.37.

3.38. Tim thé 16i ra VO trong mach dién cho trong hinh B 3.38, bang céach
chuyén déi nguon.

20 -jin ix' 2Z0°A
12207 270=A
Hinh B 3.38.
3.39. Tim dong dién Ml trong mang dién hinh B 3.39 bdng phucmg phap bién
doéi nguodn. J
2Q
Hinh B 3.39.

3.40. Mot mang dién co so do cho trén hinh B 3.40. Dlng quy téc chuyén déi tirmang

tam giac thanh mallghinh sao, tim cac cwdng dd dong dién | chi trén so do.
1

Hinh B 3.40.
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TRA LOI VA HUONG DAN giai
Pau tién, linh sut thé do ngudn thé E gay ra trén R, la v i bing cach ngit
ngudn dong I. Khi do6 ta cé so do hinh BG 3. la:

c-jifi R.,m

T so d6 méi, la linh ngay duoc:

V = E R = -]:2.2.0.
(—fl+1+j2+2) 2 3+]
12z0"
=3,82-18,4°V
3,16Z218,4"

Tinh sut thé do ngudn dong gay ra bang cach doan mach ngudn thé. Khi
do la lhu duge so dd hinh BG 3.1b:

[=220° A

Tl s do ta tim dwoc:
| 1(2-51) 2zZ0 (1-j1) A
2 (2+j2+1-jl) 3+jh
Vay:

V* « 1R, = = . 1.467-63.4. V
e“ = Gy T 3+j) 31671840



3.2.

54

Vay:

V,, =V,, +V(2=3,82-18,4" + 1,45Z-63,4°= 4.2550 - 2.49601 =4,9Z2-30.4" V

v,, =4,92-30,4° V

Pau tién, ta tim sut thé do ngudn thé gay ra trén R2 bang cach ngat bd

ngudn dong. Khi dé ta thu dugc so do hinh BG 3.2a:

Tlr day ta thay dién tré R| noi ti€p v6i tw C va ndi song song véi ri. Do

vay téng tré cla mach nay sé la:
MR.-jXcl) =2U-j2)
R2+R,-jXd 4-j2

T do tim duogc sut thé V (1L la:

E y - 1270

[ |,2'-0,4:
z +jxL” " j2+2-joa 204

VOl=

ro,,

1270°(1,2- j0,4)  12Z0° x 1,26Z -18,4°
C 12+jl.b) 2753,1

Bay gi¥, tinh sut thé do ngudn dong gay ra, bang cach doan mach ngudn

thé. Khi do ta dwoc so do hinh BG 3.2b:

7,6Z271,t



T so dd nay lu lhdy L song song véi k 2 do vay tré tvong duong ctia nd la:
m K (jXi) 4 2
- R2+jXL 2+j2 1-]jl
Z2lai n6i li€p véi tu c, non tdng tré ctia doan mach nay la:
2

2
Z,=722-jXc= -j2 =
I+jl

I-jl
'| r so db ta thdy dién trd Ri la dién trd ndi clia ngudn dong | con cac dién
tr¥ Z- la dién ir@ mach ngoai, ncn thé sut thé V (2 tim duoc:
IR, 470

v = - (Z22) = _ =-08—jl,6
R, +2 o+ 2. 1-§

I +jl

Vay: v,, =v @ +V,0=7.6cxp(jpi71,5/180)-0,8-jl,6 = 16 +j5.6= 5.8274" V
3.3. Troim mana dién ta tlidy cé hai ngudn doéc lap la mét ngudn thé va mot

li&ubn dong. Vi vay, dong dién |,, la toéng clia hai dong dién do hai nguén

doéc lap ti6 gay ra: I,, =1,,| + 1,

"Tronu do 1,| 1a do ngudn thé gay ra; con 11, la do ngudn dong gay ra. Dé

lim dong 1,,], ta ngdt ngudn dong; khi do6 thu dwoc so d® mach dién hinh

1d 3.3a. 1rdo dong 1| tinh duoc:

20Z90°V 20i
e TE—= ) —=-2,353 + 2,3>3A
(4)+(-2j)+('12)(8 +jl0) 4,25-4,25j
-j2 +8+j10

Hinh BG 3.3a.

Po linh 1,,, la dodn mach imubn thé. Khi dé la thu dwgc so do hinh
H(1 3.3h.
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Sau do6 str dung dinh luat Kirchhoff cho 3 mét mang doc 1ap, ta thu duoc
3 phuong trinh:

(8+j8)I, +j212-jlo1, =0.

j2l, + (4-j8)12+j21, =0

I, =5
Giai ra doi voi 12ta duoc:
90 -j40 _
=2,647-j1,176A
34
Dong @2=- 12= -2,647-jl,176A.

Dovay  10=10 + I(2=-5+j3,529 = 6,127144,78(A
3.4. Pau tién tim thé trén R2 do ngudn thé gay ra; mudn vay phai ngit nguon
dong I. Khi dé, ta duwoc so dd hinh BG 3.4a:

R, 1Q
-jXc JXL
I
le Vo
© 6z0°v ﬁ U
Hinh BG 3.4a.
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Tlr day thd' VO] tim duwoc ngay:

E
Vv =- S
77 R X X
R RoOXEX )
R,+jXL-jXc
620°
=-6Z0" V

Bily gi¢r tim sut thé' do ngudn dong | gay ra, bang cach doan mach ngudn
thé. Khi do6 ta ¢6 so do hinh BG 3.4b:
Tl so do, ta tim duwoc thé:

V,B= 1(7yXc)v R, =-j6Z0° V =6Z-90°V
Vay: 620°,=VA+V@E®=-6 -j6=8.4853Z-1350(V)
R, 1ii
boomooomm e . o
Xyin VO -jxcjm !Xij .
-1l —Iiyvyl

1Qi) 6Z20C°A M R2m

Hinh BG 3.4b.

3.5. Pau licn tim thé irbn R2 do ngudn thé gay ra; mudn vay phai ngat nguon
dong I. Khi do, ta dwoc so do hinh 130 3.5a:
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3.6.
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I v s d6 nay, ta ihu dwoc cac ~ “ 6,3V

T so do, ta tim duwoc ngay thé VOI:
E
V11,: R
X + 1+7~1+j$ L)
¢ R2+R, +R, +jXL

=4,8 +jl,6V

R, 10
Tinh 1hé do ngudn dong gay ra bang

cach doan mach nguoén thé E, ta thu

duwoc so d6 hinh BG 3.5b:

Tir so do ta tim duoc V,,,:

I(JXL+*£ & > )
R2-jx t
VB=- " ad] R,
XLt Ri'H'XI-Y+R+R
L R2“jXc
=-3,2-j2,4 (V)
Vay:
v,,=VN+v(0=16-j0,8=L78897-20.5651° (V)
Dau tién ta tinh dong do
ngudn thé 4,2V gay ra bang — Y
cach doan mach ngudn thé ]
6,3V. Khi d6 tathuduoc sodo | MR R2=2il
hinh BG 3.6a; t day, ta thu ’'>. JD.
duogc cac phuong trinh:

—1
R

v.M-Cr”™ i,r, A

VI - 4,2 =3 R2
Hinh BG 3.6a.

llay: 31, +42=21,,

_%](l_l'lll +111!

I rd6 tim duoc: 1),,=- 0.7 (A) =% =-|,51,,= 1.05 (A) val,=

'ITnh cac doim dién do ngudn v

lli6 6.3V oay ra ban« cach

doadn mach nsiudbn ihé 4,2V. R, =31

Khi doé ta thu duoc s (16 hinh 1r n R?=20

BCi 3.6b. 1 n J R, =6ii
f

loo

—
-
Vv

—

phuwoim trinh:

V, = -12R, = ImR, Hinh BG 3.6b.



V2- 6,3 =-I||R|

K= 1] 1+ 2
May: 2lj, + 6,3 - 3l1,,
-1+

Tw dé tim duoc: 12 =-1,05 (A) = 1,1=—4/3)I12 = 1.4 (A) va KH=0.35 (A)
Vay dong dién do ca hai ngudn thé gay ra C la:
I=1,+1®= 0.35 (A) +0.35 (A) =0,7 (A)
I, =1, +1,=-0.7(A) +1.4 (A) =0.7(A)
I,=12)+12=1,05 (A) - 1.05 (A) =0 (A)
3.7. Tai nut 1ta c6 phuong trinh;

10 20
Tai nui 2 ta c6 phuong trinh:

v2- V| 4*v2-v3 1v2__8

10 40 50
'lai nat 3 ta c6 phuong trinh:
V-V V-V 1
— 4+ -2 =0—
10 40 2

'l d6 ta tim duwgc hé ba phiruiiii irinh tie xac dinh dién thé tai ha nat:
0,15Vvi -0,1 V2-0,05Vj =5
-0,1V, +0,145Vj-0,025V, =0
-0,05V, - 0,025V, - 0,075V, =2
Hay du6i clang ma iran:
« 0,15 -0.1 -0,05 . "\/
-0,1 0,145 -0,025 V2 =

N © g

-0,05 -0.025 -0,075 _y/3

Dung MATLAB giai ra ta duoc:
V =
404.2857
350.0000
412.8571
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3.8.

60

2n |

V. V.-V2+V,-V3 r A

Tainitl, — +—-—-+—" -5 =0
20 5 2

Hay: 0,75Vv,-0,2v2-0,5V, =5
n , V2 -V 2-v3-10 V,
Tai nut 2: ————————l———h v v i =0

5 12 4
May: -0,2V, +1,2833V, - 0,833V, = 8,333

o v3-v2+10 V3-Vj v¥3-v4 n
lai Nt 3  — ————- ———- N B +— = e —=
12 2 10 15

May: -0,5V, - 0,833V2+ 1,5V, =-8,333

Tai nit4: V4=10;
Duwéi dang ma tran ta tim duoc phuong trinh ma tran:
‘0 02 -05 QO'vr 3)
02 188 083 02 833
'05 '0833 15 O V3 - 03133
0 0 0 1v D

[N
Dung MATLAB giai phuong trinh trinh ta duwoc

V =
14.3420
12.8622
6.3682

10.0000



3.9. So dob luvong duong tron hinh BG 3.9a, b va c.

80 Vv, |, 160 v2 12
t —*— k- 1+
~
O v S2N 48n 24Ci
Hinh BG 3.9a
80 VoL 80 v,
24V 32C1 R
0
Hinh BG 3.9b.
48 24
Ilinh BG 3.9b: R= 16 + =32Q
48 + 24
N 32.R
Hinh BG 3.9c: R, = =160:
32+R
Dod6théV, = — L 24 =16V
| +8
Dong I, = —=— =0,6A
R 32

"lai hinh BG 3.9a: Tai nlt V2 ta c6 dinh luat KCL do6i v&i dong dién:

v2 IVi v'-v2 O
48 24 16

Hiay V, = 16V vao phuong trinh trén, ta thu duoc V2= 8V. Do d6 dong:

v2 8
gﬁ= 24 ~ 24
Y, _lv,—v2
4 2
v2 v ,-V:

3 2
Gidi ravoi: V, =-4/3V; V2=4V.
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3.11. T&r s do ta thu duwgc phuong trinh déi véi dong tai nat V,:
V, V2 +10
+o +

— 2-5=0
30 20
Gidi raduwgc: v2=30V. Do d6 V, =30 + 10 =40V
V, V]| - >
3.12. Tui nat V,: -+ -1, =0
20 5
Vi-v2 v2-v3
lai NGt V,: +1t —0
5 15

Giai rataduoc I| =2A; 12=-2A.
3.13. ’lai nat V,: Dinh luat Kirchhoff vé dong cho ta:
38 i 3,8-5,6 i 3,8-12
2 R| Ro

=0

‘lai ndl V,: Binh luat Kirchhoii vé dong cho ta:
56 3,8-56 12-5,6
7 R, 5

=0

Nhw vay ta ihu duoc hai phuong trinh véi hai an s6 la R| va R2 Giai rata
civuc Ri = 3.75Q va R, =5.66Q.
3.14. Su dob trén twong duwong véi s do cho trong hinh BG 3.14a:
Trongdd RI =4 ~ti-=6Q
3+6
Suw do hinh B 3.14a twong duong véi so do hinh BG 3.14b.

'lronsdé R2=8Q + Rp v6i ——=— +—+—=0,4167
Rp 12 6 6
vay R, =2.4Q ; R, = 10.4Q .
6n V, I, 8uU v2 12
-»-4 u
120 6i1

Hinh BG 3.14a.

Ap dung dinh luat Kirchhoff cho hai mat manh trong hinh BG 3.14b ta
duoc hai phuong trinh:
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6Ii Vv,
I, -1,-2=0

va iu, +6U524
Giiii ulim duwoc; li=2.2A val, =0.878A.
Tir t6 tinh duoc thé:
V2=1XR, =6.0,878 =5,3V
vaV, =1,R, =2,2.10.4 =22,88V
3.15. Tai mil 1, (linh luat Kirghholicléi v iloim cho ta: Hinh BG 3.14b.

V!-vg+V!-v3

-5 =0
10 20
L v2-V, V- Vv2-\
Tainat2: -2--1+ - + 3=0
10 50 40
Tai nat 3: 2-0
20 40

Nhu vay ta tini duoc hé phuong trinh xac dinh cac dién thé V,, Y\ va V,:
I5V.-10V, -5V, =500
-100V, +145V, - 25V, =0
-50V, -25V, + 75V, = 2000

Dium MATLAB uiai ra duoc:

V =
404.2857
350.0000
412.8571
3.16. Tai nrn 1. dinh luat KirchhoiTddi véi dong cho ta:
V, V-V.: Vi-Vyg
+e -5 =0
20 5
lai nal 22V, - V; = 101, nhung: ly = VIeVi<y
Do (16 o, 2 v, -v4)

Kél hgp nut 2 va 3:
V3 V.-V, V2 Vi3J-Va
+— +— =0
10 5 4 15

Tai nat 4: V4=10V
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Nhuw vay, dién thé tai cac nit théa man cac phuwong trinh:
75V| - 20v 2 - 50v 4 = 500
—5V I+ V2 —V3 +5V4 =0
- 12V| +27Vv 2+ 10V3 - 4V 4 =0
v4 =10
Dirng MATLAB giai hé phwong trinh nay,thu duoc:
VvV =
18.1107
17.9153
-22.6384
10.0000
3.17. Pinh luat Kirchhoff déi v&i 2 mét mang doc 1ap cho ta 2 phuong trinh:
R, - RA2=6,3 - 4,2
R22-R,I= 4,2
Két hop voi dong dién: | = li+ 12 ta thu dugc hé phuong trinh:
31, -212=21
<6l1+212=4,2
-1 +1, +12=0
va dung MATLAB gidi ra tadwoc: 1=0.7 (V); Ij =0.7 (V) val2=ov.
3.18. Ap dung dinh luat Kirchhoff cho 3 m&t mang cho trong hinh ta duoc:
Trong mat mang 1. 101, - 12 +30(1, -1 0 = 10
Trong mét mang 2:  10(12- li) + 1512+5(12- 1) =0
Trong mat mang 3: 30(1,- 1) + 301, +5(I12- L) =0
Nhu vay ta da thu duoc 3 phuong trinh:
401, - 1012-301, = 10
-101, +3012- 51, =0
-301, - 512+651, =0
Dung MATLAB giai tim duoc:
1=
0.4753
0.1975
0.2346
Dong dién qua dién tré R bang |, - 12=0,2346 - 0,1975 =0 037A
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3.19. Tr 3 mang nhu trong so do, ta dwoc 3 phuong trinh:
Tai mat mang 1: 61, +20(1, - 12 =10
Tai mat mang 2: 1512+ 6(12- 1)+ 41X+ 20 (12- i) =5
Tai mat mang 3: 101, + 8l, - 4IX+6(l,- 12 =0;
Nhwng Ix =1|, nén ta thu dugc 3 phuong trinh:
261, - 2012=10
-161, +411261, =5
-41, —612+ 241, =0
Dung MATLAB giai, thu duoc:
1=
0.7205
0.4367
0.2293
Dong qua dién tré 8Q chinh la dong I, = 0,23A.
3.20. Chia thanh ba mat mang. B6i v6i mét mang |, ta dwoc phuong trinh:

Z1, +23(1,-13 =e,

Hay: (z, + ZjI, - Z33= e,

Mé&t mang II: Z2A2+ z5(12+ 13 = £2

Hay: (22+ 7512+ 793=¢e2

Mé&t mang Hl1: zy (I, -1i) +Z413+z.12+13 +Z63=0
Hay: -z3i + 72,02+ (z3+z4+ 25+ z6)13=0

Hé ba phuong trinh xac dinh li. 12- 1LV

- =

z ;2 zi3 I e i
z2l z22 z23 h = s2
'z 232 233 .13. 0

Trong d6: zn =12z, +23;z2=0;2z3=-23
M= "2="2 "Si " B=z
23 = —2z32zR=zsi zB=2z3+24+ 25+ 26
3.21. Trong mét mang |, ta c6 phuong trinh:
61, +20(1,- 12 =70
Hay: 261, - 2012=10
Trong mét mang |, ta cé phuong trinh:
20(12- 1) + 1512 + 6(12- 13 =5-41,
Hay: —161i + 4112- 61, =5



3.22.

3.23.

3.24.

3.25.
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Trong mét mang 11, ta c6 phuong trinh:
6(1,-12 + 181, = 41,
Hay: -41, - 612+ 241, =0
Nhu vay duéi dang ma tran, ta tim dwgc phuong trinh dé xac dinh 3 dong
dién chay trong ba mat mang la:
'26 -20 0'y 10
-16 4 -6 B = 5
-4 -6 24 n 0
Dung MATLAB cho két qua:
1=
0.7205
0.4367
0.2293
Pinh luat Kirchhoff cho hai méit mang thu dwoc hai phuwong trinh:

1(j1)-12(j2) =-6Z0°

S 11(j2) +12(2 +J2) = 12745°
Gidi ra tim dwoc: 12=3,2572157,5°A
Vay V0=212=6,5Z157,5°A

Pinh luat Kirchhoff cho hai mét mang thu dwoc hai phuwong trinh:
11(6-j4) +12(-2 +j4) =12Z0°
12 =-4Z900 =j4A

v0 =2(1, - 1 2)5,55286,80°V

87506j2')G

= 202000eii6 0431230

Pién tré R| c6 thé coi nhw dién trd clia may phat thé Thevenin. Do vay ta
chuyén may phat thé nay thanh may phat dong nhu trén hinh BG 3.25a.
Ghép R| va R2 thanh mét va chuyén may phat dong thanh may phéat thé
nhw trén hinh BG 3.25b. Twr dé d6 tim dwoc dong dién qua L:

60
1= =1,06Z245°(A)
24 +16 +j40



2,5A I 24n

© lk p ZU=j40n

Hinh BG 3.25.

3.26. Cho két qua thé Thevenin: Ulh=9,96Z-9° (V) va dién tré& noi:
Z:=9,12734"°.
I,= 0 75V.

3.28. Tinh théThevenin VIh
Tai nut a, phuong trinh vé dong:

Q o
v.-E +i,+1.0 D
R R- R
Nhuwng V., =-V Ih nén: O va R = 200
v,h - E -0.75VIh =0 E =100z0°v +
R. R - b

Hinh BG 3.28a.

vh 10- 07/ABvh+ 2 =0

v v 7‘20 =>vith =-40 (V)

th- 0,75V,, +
20

Bay gi¢ tim dién trd ndi clia ngudn thé Thevenin, ta tim dong Thevenin va

sau do lay thé chia cho dong sé ra dién trd khang.

Muon vay ta dodn mach ab nhu trén so dé hinh B 3.28b.

[,=0,75V,

5n

E =100Z0°V

Hinh BG 3.28b.
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Trén so do6 hinh B 3.28b, thé Va= 0. VI vay ta tim dwoc 1, = 0 va dong
qua R2 ciing bang 0. Do d6 llh= E/R, = 100/5 = 20 (A). T&r dé tim
duoc trd ndi Zj cho ngudn thé Thevenin la:

-20
Vg =40 ;
lin 20 2

vay gilta hai diém a va b O

twvong duong may phat thé
Thevenin cho trong hinh B
3.28c. Hinh BG 3.28c.

3.29. Nho dinh ly Thevenin, ta bién déi so do hinh BG 3.29.

= 6Z0°ZL =_12ZQ0V
zc +ZL

7 - ZCZY o yfe
+ZL

0= \jy +12Z45°V
2+zth

v =6,52157,5°V

3.30. Nho dinh ly Thevenin, ta bién déi so dé so do hinh BG 3.30a, b vé dang:
ZL

-j4n
-TYYY —1-
40 j2n
4Z90°A
0 12203\/ 220 Vo
Hinh BG 3.30a. Hinh BG 3.30b.
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v.n = 127Z0" +4x4Z90° = 12 +j16

z,,=4f
vth22Q
= ~ -=5,55786,8°V
4Q +22Q-j4Q v2
3.31. Tlr sw dd hinh BG 3.3la, ta thay:
v2-V,- 22z0°v =0 1950y
z
VA-V, - 620"V =0; © © 6z O°v
=-320
VA=VhvaV, =4Z0"V v Ri v3 R R
Pinh luat Kirchhoff -0
d6i voi dong tai nat V, m m h
cho ta: i ZL '
jn 0 47N0°v vif

Vi-Vo+ V1~V

ZC R. B

Vv VvV -V ©

H-- — =0
Z, Hinh BG 3.31a.
4Z0U-V, 4Z0U-V, V, 4Z0°-V,,
I lav: +m
.2 1

V,, +(I-j)V, +j0,5V2 =8 +j2)
Két hop v6i hai phuong trinh:
V2-V, =12720"V
v,h- v2=6Z20"V
Dung MA'I'LAB tim duoc:
V,, = 10.7059-6.82351= 12.6955Z-32.5119"v.
bé tim ZIh so db hinh 13G 3.3 la twong dwong véi so do hinh BG 3.3 Ib.

Vv,
A
o)
L 1In i D
jin -j2Q Jxc
(=)
O

Hinh BG 3.31c.
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Nhw Ihay trén so d6 hinh BG 3.31b, z,, gitra hai diém A va B bao gdbm céc
dién tr@ Ri, R2 tu ¢ va cudbn cdm L song song v&i nhau nhuw trén hinh

BG 3.31c.

Do vay:

1 1 1 1 - A
+- .

zZlh  jXL R, jXc R2

Thay cac gia tri bang s6 va tinh

duogc: ZIh=0.32 + 0.24I.

Nhw vay gitra hai diém A va B

trong mang dién tuong duong Voi Hinh BG 3.31d
may phat thé Thevenin nhu trén

hinh BG 3.31d. m

3.32.
& &
10Q 40n

© 15A 15A

Hinh BG 3.32a. Hinh BG 3.32b.
80 80 16Q
-4 V11
© 12 O 1wv
Hinh BG 3.32c. Hinh BG 3.32d.

Vay thé 16i ra Vi, = -12V.

3.33. Bé tim dong qua R, ta ding dinh ly Norton bang cach doan mach dién tr&
R nhuw trén hinh BG 3.33a.
-j20

Sl i
JXL -<jin PAOOA

Hinh BG 3.33a.
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PEé tim In ta bién d6i ngudn dong I|VOi tré khang jX L thanh ngudn thé
nhw trén hinh BG 3.33b.
-320

Trong d6:  V, =1,(jXL) =62135" (V)
Twr d6 tim duoc:
6245°(jl) X
.= _12= - 2Z0 =-6.2426 - 4.24261 (A)
jXL-jXc -j2 +ijl
Tim tré khang Thevenin: ta ngat dién tré R, khi do ta duoc so do hinh
BG 3.33c. H20

Hinh BG 3.33c.

Cudi cung ta thu duwgc so dé hinh BG 3.33d dé xac dinh dong 1,,:

R, 2n
Hinh BG 3.33d.
Tw hinh BG 3.33c, ta tim dwoc dong |,,:
= -6.2426-4.2426i)(-jl .
=z YO _ 2 0456+ 1.64851
Jh+R 2-j1
vay: l,, = 3.3755Z 150.766° (A)
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3.34. Pau tién ta doan mach hai dau tu ¢ dé tim dong Norton; khi dé ta dwoc so
do hinh BG 3.34a.

<E>

M jag g 2Z0A R 10Q

Hinh BG 3.34a.

T d6 ta tim duorc:

=- N = n
In I+T 2_ 1 -0.1213+2.1213i=2.1248Z 93.2732° (A)
iXL j4

Tim dién tr& ndi clia ngudn dong Norton Z lhbang cach ngét mach co tuc,
thu duwoc so do hinh BG 3.34b.

(@] -
12745V
10Q
Hinh BG 3.34b.
Tir So do ta tim duoc:
Z,= - — 1)-=1Q(j- =1.3793 +3.44831 =3.7139268.1986°(Q)

R +jX1 10+j4

Nhw vay>so dé mang dién da cho tuong duwong véi ngudn dong Norton
nhu trén so do hinh BG 3.34c.

Hinh BG 3.34c.
T db ta tim duwoc thé 16i ra V (I
ZIh(-jXc)

0= In=3.5673- 0.40361 =3.5901Z -6.4547°(V)
Z(h-jXc
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3.35. bau tién tim dong Norton, X

bang cach doan mach dién

ir& R4 Khi dé ta thu duoc

so do trén hinh BG 3.35a.

bé tinh In ta s dung

phuong phap mat mang déc

lap. So d6 hinh BG 3.35a

c6 3 mit mang déc 1ap nhw

chi trén so do. T do ta tim

duwoc 3 phuwong trinh xac

dinh 1, la: Hinh BG 3.35a.

IXR2+jXL-jXc)-R An-iaX L) =E
MAN +R2+RI)— ~~"21=0
I(R3+jXL)-1laXL)-1mR, =0
Sau khi thay gia tri bang s6 va giai ra tim 1,,:
1, =6Z0° +4Z0°(jl) =6+j4
3T -1, =470°

2In=10 +j4 (A)
-jXc
Hay: In=5+j2 (A)

Bay gi¢ tinh tr& khang nbi

clla may phat dong Norton,

ta ngdt mach dién tré R4

Khi do6 thu dwoc so dé hinh

BG 3.35b.

Dién trd gitra hai diém A va

B gbm dién tr& Ri ndi ti€p

V@i Ri song song voi -jXc va

jX, ndi ti€p véi Rv Do dé:
R2( L_jnc) +R, = 20
R +j~L  jXC

Vay so dé mang dién trén tuong

duong véi may phat dong Norton

40
nhv trén so do6 hinh BG 3.35c. “ (1)
T so do nay, ta tim dwoc thé 16i
rav,, la Hinh BG 3.35c.
1..Z 1
Ve = = 1.6667 +0.66671 = 1.7951Z221.8014" (V)
Ri +™Mh
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3.36. Ta lhay R, song song v&i -jXcl, nén ta c6 so dé méi tron hinh B G3.36a.
XL
-non.
j4Q
-2

@ 3230°A Z, 21l
-j2n

Hinh BG 3.36a.
V6i 7 = R '"(~jXcl)y =i—131= =1.4400-1.9200T
R,-jXc, 4-j3 3-j4
Bién d6i ngudn dong | thanh ngudn thé E véi dién tré khang noéi Z|, ta sé
thu duoc so do hinh BG 3.36b.

Ngubn th6 E = 1Z, =6.6212 - 2.8283[ (V) =7.2Z-23.1301° (V)
So db hinh BG 3.36b twong duong véi so do hinh BG 3.36¢.

Trong d6 Z2=7Zj +jX L= 1.4400 + 2.0800i.
Sau do6 lai bién d6i ngudn thé E thanh ngudn dong 1|, ta s& duwgc so do
hinh BG 3.36d.
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-ixQ@

@E/Z, 2il
-j20

Hinh BG 3.36d.

Ngudn dong || =E/Z2=0.5706 - 2.78831 (A)
Sau d6 két hop Z2véi (X c) ghép song song dé thanh Zy

z 2(4Xc X
73= (_f_ )=2.7692—2.1538I (Q)
Z2 jXc
D |, =E/Z?
Cudbi cung thu dugc so do mang 23=22ll ixc)
dién nhuw trén hinh BG 3.36e. ! © R 20
Trons so do nay:

z, =22//(-Xc) =2.7692 - 2.1538i(Q)
Nguodn dong:
I, =1ifZ2= 4.4751 - 2.21271 = 4.9923Z-26.3099" (A)
T do6 ta tinh dugc dong 16i ra |1,

l,z,
T 23+r2

Hinh BG 3.36e.

o = 1.9046 - 0.86651 = 1.9080Z - 92.0054"  (A)

3.37. Mach dién trén dwogc bién doi vé dang nhu trén hinh BG 3.37a, BG 3.37b vac.
Bl v2

J 270°A 620°V r

12790°A 2Q
- - 0 > 1

Hinh BG 3.37a. Mang dién twong duong ctia hinh B 3.37.

-2+j12A

Hinh BG 3.37b. Mang dién twdng duong clia hinh BG 3.37a.
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Trong do:

ZCR, I If 1
L\- 2 (-—J-—(-g‘)( ) =7 ;
Zc+R, -jl +1 I+j

Q Vx 2n vO

Hinh BG 3.37c. Mang dién tudng dwong cua hinh BG 3.37b.

vx =1 Z| =(-2+jl2) — =8,6Z54,5"V.
J+1
e 1 (Vx+V2)R2
Do do6 thé 16i ra: VO = - =7.3846+ 7.0769i = 10,2743,8° V
R+

3.38. Mach dién dwogc bién doi vé dang nhu trén hinh BG 3.38a, b va c:

t,=4,:-9002,

Hinh BG 3.38b.

12=420° + [,= (4—4)/(1-))
22=27./(2+7)

A

o 2+7Z,

Hinh BG 3.38c.
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T hinh 1iG 3.38c, ta tim duoc:

In= JI1Z) =16-12i=2Z-36,9° (A)
2+72

3.39. Bién do6i hai ngudn thé thanh hai ngudn dong ta dugc so do hinh BG 3.39a

R, 2’] —Xc
R, 2ii
420° HIO
I, E./2 ( | )
Hinh BG 3.39a.

So db hinh BG 3.39a tuong duong véi so do hinh BG 3.39b.

______ ’_____
) lo
-jxc
J Rj 2Qr
riKl Z=jxL 3 I
< e -jm
Hinh BG 3.39b.

So do BG3.39b twong duong véi so do hinh B 3.39c.

lo

z R22n
R,//(iXV)//(-jXc) |

Hinh BG 3.39c.

T so d6 hinh BG 3.39c¢, ta tim duwoc 13= 10- 6i; Z = |-j;
Tw d6 tim dwoc dong:
| Z

2.8-4.4i =5.21547 -57.5288°(A)
z + R-

3.40. | = = 186(A)
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Chuwong 4
MACH DIEN TRONG CHE PO XUNG

DE BAI
4.1. Tim thé 16i ra v,(t) trong mach dién cho trong hinh B 4.1 khi t > 0. Biét
rang khoa k dong tai thoi diém t =0 va thé v,|(0) =0.

10kET

D

E = 1oy O onF vy

Hinh B 4.1.

4.2. Tim thé 16i ra v(,) trong mach dién cho trong hinh B 4.2 khi thé I6i vao la
mot xung vadng cé bién dbé 5V va do réong 0,5s.
R

I0kn

5V 10nF v(Qo)

Hinh B 4.2.

4.3. Tim thé I6i ra v, (t), t > 0 trong mach dién cho trén hinh B 4.3. khi khoa k

déng tai t =0.
k R
12kn 2kQ
. O L00(iF 4kfi - vQY

Hinh B 4.3.

4.4, Tim thé 16i ra v,,(t), t > 0 trong mach dién cho trén hinh B 4.4. khi kho& k
*doéng tai t=0.
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100nF

45, Tim dong dién i,(t) khi t > 0 chay qua dién tr& R2 trong mang dién hinh
B 4.5. Biét rang ngudn dong 16i vao i(t) la mdt xung vudng c6 dang:
[6, 0<t=>45
M= @ t>45 (A)

va tu dién C khong tich dién & thoi diém ban dau.

Ve(t)
R, i,(t) 1F
2il rqo” &
Hinh B 4.5.

46, Tim thé I6i ra vO(t) v6i t >0 trén hai dau tu C, trong mang dién hinh B 4.6.
Biét rang ngudn thé u(t) 1a mdt xung vudng c6 dang:

[12, O<t<l
u(t) =
0, t>0
va tu dién C khong tich dién tai thoi diém ban dau.
R 2kQ
3kn
Ty w 6kQ 200i.iF \Vo(t)
Hinh B 4.6.



4.7. Tun dong dién chay trong cudn cdm L =200H trong so do hinh B 4.7. Biét
rang khoa K & vi tri a thi dong qua cuén cam nay bang khéng. Tai thoi
diém t =0, k chuyén tir a sang b va dirng & d6 khoang Is; sau dé chuyén
tr b t&i c va dirng & vi tri nay. Hay tinh va vé dong dién qua L ngay truéc
thoi diém t=0.

a*.
50n b
- A -nin —
c 200H
E 40V \ 50n
1500 |
Hinh B 4.7.

4.8. Cho so do hinh B 4.8. Binh thuwong khéa K mé. Tai t =0 khéa K ndi véi 2.
Sau thoi gian Is, K chuyén tir 2 sang 3 va git*r nguyén nhw vay. Hay tinh
va vé dong dién chay qua cudén cam L.

R3 -\ k
>
Hinh B 4.8.
4.9. Tim dong dién i(t), t > 0 trong mach dién cho trén hinh B4.9 khi khoa k
mé tai t=0.
k T i
12n — L
on
- 2H
E =6V _ 3
.l‘r iL (t)
Hinh B 4.9.

4.10. Tim dong dién i,,(t), t >0 trong mach dién cho trén hinh B4.10 khi khoa k
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4.11.

4.12.

4.13.

4.14.

Tim thé 16i ra trong so d6 mang dién hinh B 4.11. Biét ring tai thoi diém
ban dau tu C khong tich dién va cudn cdm khdéng tich trir nang luong.
100mH . R
-rnrw G
L

A 1jiF
12u(t)vV O v,.()

Hinh B 4.11.

Mach RLC ndi ti€p trén hinh B 4.12 duoc kich thich mdt xung nhay bac c6
bién dd 15V v6i R =0,5Q; L = ImH; C = 100/6 (OF. Biét rang tai thoi diém
ban dau t =0, dong dién qua L la iL(0) = 5A, thé trén tu vc(0) = 2,5V.

a) Tim va vé cuong dé dong dién trong mach.

b) Tinh hiéu dién thé trén hai dau tu dién C.

100mH it R

SITYTL I
L

15u(t)V 0 1jiF va

Hinh B 4.12.
Tim thé 16i ra v,,(t) trong so dd mach dién GLC ghép song song nhu trong
hinh B 4.13, véi diéu kién ban dau iL(0) = 2A; vc(0) =5V. Cho G = 1/32
Q-\L= 10H,c= 1/640F.

Vo(t)

Hinh B 4.13.
Tim thé I6i ra trong so d® mang dién hinh B 4.14. Biét rang tai thoi diém
ban dau khi khéa K chuyén tr chét 1 sang 2, tu C khdng tich dién va
cudn cdm khéng tich trir ndng luwong.

K _
R, t—20
20
n .
12V O ton 1H- A
0,0025(.iF
Hinh B 4.14.
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4.15. Tim thé 16i ra v,,(t) trong mang dién hinh B 4.15 dwogc kich thich béi ngudn
dong AC i(t) = 20cos(6400t), véi diéu kién ban dau iL(0) = 2A; V™O) = 5V.
Cho G =1/50Q~ L =10H, C= 1/640 F.

i o)

Hinh B 4.15.
4.16. Tin hiéu I6i ra ctia mdt mang dién duoc biéu thi bang phwong trinh vi phan:

é VvV )+3iaim +4 ~ +8~ +2y(0 =6u(t)
dt4 dt dt dt

Hay biéu thi phwong trinh vi phan trén duéi dang phwong Irinh trang thai.
4.17. Viét phuong trinh trang thai cho mach dién trong hinh B 4.17:

TRA LOI VA HUONG DAN giai
4.1. Tai t=0, ta thu duwgc phuwong trinh vi phan:
c dvo+vo-E=0
dt R
Nghiém véi diéu kién v,,(0) =0 tim dwoc dudi dang:
vO(t) =E(l-e~t/T) v6i X=RC = 10.10\10.10"=0,Is
42. Tait=T, théU=E.e 0T
khi t>T: vc(t) =E - VvRit) =E(l-e 1)
V@i: E =5V
T=01s;
T=R.c = 10.10- X10.10 6= 0,1S.

Chuong trinh MATLAB Vvé thé 16i ra v,(t) véi 3 gia tri cia R: 100Q:
3000Q va 10000Q trén hinh BG 4.2.
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4.3.

Dap ung cua mach RC doi voi mot xung vuong cua bai B4 2

Hinh BG4.2.

t=0vc=0.
Khi t> 0, tai nat VC, ta c6 phuong trinh:
6-V,, Vp-V. cdvc

R, R dt
Mat khéac ta lai c6: Vg = -——- — Vc=aVv ¢, thay vao phuong trinh trén
RI+R2
la duoc:
n +/\O(a_|,_l\_C/\ =0
R| R2 R2 dt
dv - 6
lay: 0+V, l - (1-00 = (1)
dt RiC rZc R|C
Niihiém phuong trinh nay c6 dang:
vO(t) - c| +Cc2e T 2)

1 1-a

Voi: x= 1/13 vo6i B = .
Rjc+R2C

cac hang s6 C, va C2duoc xac dinh tir diéu kién ban dau.
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Thay (2) vao (1), ta tim duoc:

N2 e t/T +C1B +C2Be~t/T --E5L =0
T R]C

Tw d6 tim dwoc: C| = » = =133
RiBC RI+R2+R3

T =0,4s.
Dung diéu kién ban dau va0) =0 =vc(0)a =C! +Q suy ra
vay: vO(t) = 1,33(1-e " 2’5t)V
Po thi cho trén hinh BG 4.3.

The loi ra cua rnach dien B4.4

Hinh BG4.3.

44. Tait=0; vc(0)=- 12Rj- =6V

r2+r3
V Ri
Khit>0: v0=-—-—---= I-aV
u R| +R3 c

Mat khac, ta lai c6 phuong trinh;

-Yc_+C N - =N
R2 dt R3
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4.5.

V . N "
rhay Vc = — n vao phuong trinh trén, ta duoc:
a

Nghiém ctia phuwong trinh nay c¢6 dang: vO(t) =Ci +C2C

r R| +R3)Ro
VOi T=C-f-— —]
Ri+R2+R3

Cac hang s6 C| =0; Cj =-3V.

= 0,4s

Vay thé 16i ra vg(t) =-3e 2,5t
Tlr so do ta thay: i(t) = iQt) + ii(t)

Mat khac: vc(t) = R2Qt) - R,ii(t)
Do do, khi t > 0, ta tim duwgc phuong trinh vi phan xac dinh thé trén tu C:

(R2+Rj) C ~ +vc(t)=R2i(t)
dt
Trong khodng thoi gian nay, i(t) = 6, nén phuong trinh trén c6 dang:
(R2+R3)C’\d’\ +vc(t) =18 (1)
t

Nghiém ctia phwong trinh nay tim dwoc duéi dang:

ve(t) =K, +K2e_,/t (2)
Trong d6 X= (R2+ R,)C =9 giay la hdng s6 thdi gian ctia mach; con Ki
va K 21a nhithg hang sé duoc xac dinh theo:
Thay nohiém (2) vao phuong trinh (1) ta sé duoc:

K
t(9c 1 +K|] +K2 T=18
X

Tw do6 tim duoc: K, = 18.
Pé tim K2 ta dwa vao diéu kién ban dau:
* Khi t=0, vc(0) =0, nén tr (2) suy ra:
K, +K2=0=>K2=- Kj =-18V
Vay: ve(t) = 18(1-e- /T (V)
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Dovay:  i((t) = i(t)- cdvotl:’\ =6-2e UT
t

R lvc (t) =181—_,/9) V
Vay: 0<t<45s
i0(t)=6- 2e~/9 A

Khi t>4,5s, dong i(t) =0, nén thé trén tu tuan theo phuong trinh vi phan:
(R2+R3)C ’\J’\ +vc(t) =0
t

Tu ¢ phéng dién qua R2va R, ciing v&i hang s6thdi gian T = 9s. Nghiém
ctia phuong trinh nay c6 dang:

ve(t) = Ke~ /T
/\ - -
Dovay i =imy- c VGO = dve® _ CK Ly T
dt dt T
Cac hé s6 K va K3dugc xac dinh tai thoi diém ban daut = 4,5s.Taithoi

diém nay thé trén tu C:
Ve(4,5) = 18(l1-e”) =7,0824V =Ke At =K =7,0824.edst
Va CK =7,082.e»'™ M,
J X 9
Thay cac gia tri vira tim duoc clia K va K3 ta tim duogc thé trén tuva dong
i,,(t) trong khodng thoi giant> 4,5 s la:
ve(t) =7,0824.e-“-450 V, t >4,5

iQt) =0,7869.e™VI = 0,7869eH’-45)/9 A, t>45
. . 18(1-e'l/9) V, 0<t<45
Tom lai: ve (t) =
7,0824e’( 959 V, t>45
6-2e~/9 A, 0<t<45
i0(t)

10,7869 (t45 A, t>45

4.6. Tai t=0, tacé so dd mang dién nhu trén hinh BG 4.6a.
Ri 2kfi

Vo(t)

Hinh BG 4.6a.
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Dé tim thé 16i ra khi t > 0, ta bién d6i mang dién nho phuwong phap bién
d6i ngudn nhuw trén cac so do BG 4.6b.

2kfi

Trong so do BG 4.6b, dién tré R ,2 la dién tré twong duong clia R, va R2
mé&c song song. Vi vay ta tim duoc:

R1R2 3x6

_ =2kQ
R, + Ri 3+6

R.2

Dung phuong phap bién déi nguén cho mach dién hinh BG 4.6b, ta duoc
so do hinh BG 4.6c.

4kQ

N

O 8v 200nF Vo(t)

Hinh BG 4.6¢.

Trongso do hinh BG 4.6¢, dién tr¢ R|23 ladién tré twong duong clia RI2
ndi ti€p véiRv Do vay: = 4kQ. Nguon thé:

E =IR=A -M j- =" =8V
R,R,+R2 3+6

T so d6 hinh BG 4.6¢, ta viét phuong trinh vi phan xac dinh thé 16i ra
v, (t) la:

R,2CN8BN s voy = (1)
dt

Phuong trinh nay cé nghiém la:

vo(t) = K| +K2e'lT )

87



Trong d6 hang s6 thoi gian:
X=R12C= 4kQx200.i0“fF =0,8s
con K tva K 21a nhitng hang s duoc xac dinh tir diéu kién ban dau:

* Tai t = Os; vg0) =0 (vi tu C khong tich dién tai thoi diém ban dau),
do do:

K, +K2=0
* Thay nghiém (2) vao phuong trinh (1), ta tim dwoc:

- T K
X

Hay: K, =8V ==K2=- K, =-8V
Thay céac gia tri nay vao biéu thirc ctia v((t), ta thu duoc:

v, () =8- 8eTvoi 0 <t<s
* Tai t=lIs, thé trén tu tim duoc: v,,(I) =8- 8e~/'xV =5,708V
Khi t > 1, ngudn thé E = OV, nén phuwong trinh vi phan md ta thé 16i ra
v,,(t) c6 dang:

R 123C

Phuong trinh nay c¢6 nghiém la: v,,(t) = K.e /T. Hé s6 K dugc xac dinh tai
diéu kién v,,(I) =5,708V =K.e- AH T db tim dugc K= 5,708.e'AH
Vay: v,,(t) = 5,708.e (| NAKvVGi t> Is

Cudi cung: vO(t) =j 8-8e 0’8{[;/'” O<t<ls

5708 *Bv, t=>1
0 < t<ls dong qua cubén day L c6 dang:
iL({t)=041-e _t/T");t,=L/R =200/100 = 2s.
Tait=1Is: iL()=04(1-e“°’5)=Im

Khi t>1Is: iL(t) =Im(e~(t_05)/T2);-c2=200/(150+50)= Is.

Chuong trinh MATLAB sau day vé dong dién qua cudén cadm v&i hai gia
tri cia R =50Q va 250Q cho trén hinh BG 4.7.



Quong @ doe dienA

4.8.

Hinh BG 4.7.

Trong thoi gian 0 <t < Is, dong qua L duoc tinh theo cong Ihtrc:

R|+R3
E - t

=R,+F§3(I-e L )

Khi t > Is, dong dién qua L tuan theo phuong trinh vi phan:

I(O

L~Ap +(R,+R2)i(t) =0

Nghiém cutia phuong trinh nay véi diéu kién ban dau khi t = Is, thi dong
qua cudn cam L la:

RI+R3
i(ls)=- E (1-e T )
R| +R3
Tim dwgc dui dang:
RI+R2
--= (t-1)
i(t) =i(ls)e L

Hinh BG 4.8 vé dong dién chay trong mach v&i Ri = 50Q, R2 = 1500,
R, =50Q vaE =40V véi ba gia tri ciia cuén cdm L: 10, 100 va 200H.
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4.9.

4.10.

90

Dong dien Irong mach LR cua vi du 17

Hinh BG 4.8.
Tai t=0iL(0) =6/R, =6/12 = 0,5A.
Khi t> 0( Khoa K mé&): La +Roi =0

Nghiém cla phuong trinh nay tim dwoc duwéi dang:
i(t)=c, +C2 JT v6i X=L/R, =2/6 =1/3s
Thay nghiém vao phuong trinh tim dugc C| = 0.
Ap dung diéu kién ban dau ii (0) = 0,5A, tim duoc:
C| +C,=05suyraC2=0,5A
Vay: i(t) =0,5e_3*

Khi t> 0 (khoa k m &), dong dién chay qua cuén cdm L tuan theo phuong trinh:

L ~ +iRj+Rp)!! =0;Rp=— 2I*3 ;i0=-ZIi£3-
dt R2+R3 ° R2+R3

Do dé: diO+ (RLxRjL)i0=0
dt L (1)
Phuons trinh nay c6 nghiém tim dwoc dwéi dang:

i.()=c, +c2&2 [T ©)
vGi T= =7,5s
Rl +Rp



cac hang s6 ¢, va Q dugc xéac dinh tir diéu kién ban dau t= 0,

. 12(1/ R2) 24
uwfn™ i hl— }1_+j__ n A
R R2 R3 R4
i(0.)=- 11 (0+)R3 =_A a
r2+r3 11
fhay (2) vao (1), tim duoc ¢, =0. Strdung diéu kién ban dau i(J(0H ta lim duoc:
c2=i0(0+)-C| =--p-A
Vay io(<) = —T7e~75%

4.11. bay la mach dién RLC ndi ti€p, goi i(t) 1a dong dién chay trong mach, thi
thé 16i ra v,,(t) = — Ji(t)dt. Pinh ly Kirchhoff d6i v&i mat mang cho ta
phwong trinh vi phan dé xac dinh dong dién la:

Ri(t) +L -~ +— fi(t)dt =12u(t)
d ¢ J

Lay dao ham c& hai vé cua phuong trinh nay, ta duoc:
Ld”) +RdAdN)+i
dt2 dt ¢

Hay: + 104 +107i(t) =0,t>0
dt adt

Phuwong trinh nay c6 da thic dac trung la:
A2 +104A+107 =0
Pa thic dac trung c6 hai nghiém la:
kt=-1127 va x2=-8873
Vay dong i(t) tim dwoc la:
i(t) = K,e 11271+ KX'xstv
'lai thoi diem ban dau, cudén cam L khdng dw trir nang luvgng; cd nghia la
dong i(0) =0; tlr d6 ta tim duoc:
K, +K2=0 =>k,=-k?2
B¢ xac dinh cac hang s6 K, va K,, dua vao diéu kién ban dau:
* Tai thoi diém ban dau t =0, ta cé phuong trinh:

di
Ri(0) +L +vc (0) = 12V
dt
ay: RK, + RK, +L(-1 127)K, + L(-8873)K2+0 = 12V
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Tl day tim dwoc:

Ki = 0.0155A=155mA =>K2=- K| =-15,56mA
Thé 16i ra chinh la thoé trén tu C:

v,,()= 1 Ti(t)clt+K,= °;0155 e-""'"+ -°-0Ol§-c-»ro' +K
c 10« X1127 10-6 x 8873

= 13,7533e~112r" -1 .7469e“873 + K 3
Mang s6 K, duwoc xac dinh tir diéu kién ban dau:
t=0v00) =0 =Kj=13.7533 - 1.7469 = 12,0064V
Vay thé 16i ra tim duoc la:
v,,(t)= 13,7533e-11271 - 1.7469¢'8373 +12,0064 V
4.12. a) Dong dién i(t) trong mach tuan theo phuong trinh vi phan:

~1a2+500 ™ +6.104i(t) =0
dt dt
Dong dién chay trong mach tim duoc :

i(t) = 115c 2:U+ 1
liinh 13G 4.12 vé dong dién chay trong mach.
b) Phuong trinh vi phan dé xac dinh vc(t) la:

- Vc(t) +500— +60000vc (t) = 9.105u(t)
di dt
Nghiém tim duoc: vc(t) =-34,5e“AK + 228'Tm + 15
Hinh BG 4.12 vé& dong dién chay trong mach va thé & hai ddu tu C.
Dap ung cua mach RLC noi tiep doi voi xung nhay bac 15u(t)

Thoi gian t.s
Hinh BG4.12.
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4.13. Thé 16i ra tim duwoc:
291, 261 QXA
v,(t) = —(73— e - —é— e Von

4.14. Khi K chuyén tir 1 sang 2, ta thu duwoc mach dién RLC ghép song song.
Khi dé tong cac dong dién qua R, L va C theo phuong trinh:

Ldv”A)+M > +1fv 0
dt R2 ¢ ]
Lay dao ham hé thirc nay sc thu duoc phuwong trinh vi phan xac dinh thé

1Gi ra v,,(t) la:
!
dt2 Rt ¢ O

d N ) +dvs«) +_

dl LR,dt LC
Thay gia tri vao ta duoc:

d2v,,(0 +40dv~™) +400Vo(t) =0
dt2 (08

Phuwong trinh nay cé da thic dac trung:

32 + 45X + 4D =B
c6 2 nghiém kép: x| 2=-20
Vi vay nghiém tim dwoc duéi dang:

v,,(t) = K,e“2u+ K 2e
Céac hang s6 K,, K2duwoc xac dinh tir diéu kién ban dau:
Tai thoi diém ban dau t = 0, thé I6i ra bang thé trén tu C ngay truéc thoi
diém khoéa K chuyén mach ; tic la:

V(,(0) = 12 =K, = 12V
Ngoai ra cudn cam khoéng tich trir nang luvong ban dau; cé nghia la dong
dién qua n6 & thoi diém ban dau bang 0:

iL(0) =0= +c =— +C(-20K, +K?2)
R2 S
T d6 tim duoc K2=-240V
Vay: v,,(t)= 12e-2,1-240te-2n V
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4.15. Thé 16i ra v,(t) duoc xac dinh tir phwong trinh vi phan:

C d-VO(t) +G -v°(l) +iy (t) =6400X20sin(6400t)
dt? at = L °

Nghiém ctia phuong trinh nay tim dwoc dudi dang:

v,,(t) =K,e Xl + K2 'Z + IUs(co)l cos(6400t + 0 (0))) (1)

Trong do:  1Us(co)l = IUs((o)l = 20 =2

J502 + (10 —-- i— )2

\Y 64000

10----—-- 1
0(G) =0 - tan’ 64000 _ _gg g0
50

Str dung céc diéu kién ban dau, ta tim dugc thé 16i ra:
v,(t) =271,71 e 64cos(4,8t - 88,94") + 2 cos(6400t -89,89° ) (11)

Minh BG 4.15 vé thé 16i ra vQt) va doiig dién qua tu Cc, cubn cam L va do
dan G.

The loi ra vs(t) Dong qua tu C

>
0 05 1 15 05 1
Thoi gian t.s Thoi gian t.s
Dorig qua cuon earn L Dong qua do dan G
15
< b TR -
0.5 h
0
-0.5
0.5 1 15 0 05 1 15
Thoi gian t.s Thoi gian t,s
Hinh BG4.15.

4.16. Ta slr dung cac bién so trang thai:
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dy(t) _ dX|(t) _

dt dt

Y30 = d2y(t) dx2(t) X200
di2 dt

x4(t) = d3y()  dx3() =x3(t)
dt3 dt

$5(0) = ddy(t)  dx4(t) PN
dt4 dt

Khi d6é phuong trinh vi phan duwoc viét duwdi dang:
X4(t) =6u(t)-3x4(t)-4x3(t)-8x2(t)-2x1(t)

llay duwéi dang ma tran:

X[ ()" 0 10 0 XL -0~
0 0 0 0
X2 (t) x2(t) N u(o)
x3(t) 0 0 1 x3(b) 0
x4(t)_ 2 8 —3 x4(t) 6
LOi ra : y(U = Cx(t) + Du(t)
Hay don iiian hon: X = Ax +Bu
va y =Cx + Du

Trong d6 cac ma tran trang thai c6 dang:

"X|(D 0 1 0O 0. 0"
x2 (t) 0O O 1 0 0
X = A = =
x3(t) 0 0 0 1 0
x4 (t) 2 -8 -4 -3 6

c=[1 0 0 0]vaD =[]
4.17. Tlr so do ta viét dwoc phuong trinh d6i véi dong dién tai cac nat:

lainat 1: ¢ — L+==——"% vi =0
dt R r2
v2-v,
Tainit2: ¢ A +il=0
dt R?

Va phuong trinh déi véi mat mang cudi cung:

N di
V-7 =1jR3=L"~- =0
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Gia slr 16i ra y(t) = v,(t) - VA1), tlr cac phuong trinh trén ta duoc:

dvy 1 1 i\@ V2 VS
- —_— 4 — , F-- — +

dt RiCi r2c2J R2Cj RIC,

dv2 = V) v2 i

dt R7C2 o)

di R3:

dt

Duwéi dang ma tran:

i1 101 1
0 1
r 2c ,
vV, <R1C'1 R 2Cly R ¢
1 1 1
v 2 0
r 2c 2 r 2c 2 c 2
0
V3 1
R 3
0
L L
Tiri hiéu 16i ra:
V,

yo=[I -1 0]



Chuwong 5

BIEN BOI FOURIER VA MAT B0
PHO CONG SUAT CUA TIN HIEU

PE BAI
5.1. Tim céc hé s6 khai trién Cnctia ham so:
f(t) = Asin(iit) voi0 <t<1

Tuan hoan trong khoang 0 dén Is nhu trong hinh B 5.1.

Tin hieu Asin(pi*t) tuah hoan trong khoang 0:1

Thoi gian, t s

Hinh B 5.1. Tin hiéu Asin(7rt), v6i 0 ~t& 1 tuan hoan trong khoang 0 + 1S.

5.2. a) Tim biéu thirc khai trién Fourier clia dong dién cho trong hinh B 5.2
dwéi dang cac tin hiéu sin phtrc véi hé sé khai trién cn

b) Viét chwong trinh MATLAB dé téng hop tin hiéu trén véi 20 s6 hang
dau tién.
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5.3.

5.4.

5.5.

5.6.

5.7.

5.8.

98

Tim bién d&i Fourier cla tin hiéu sau:

x(t) = 4e~2t cos(20%kt).u(t)
Dung MATLAB vé ph6 tan s6 X(f) cla tin hiéu x(t) véi khoang 1dy mau:
a) T, =0,005 giay va s6 mau N = 1000;
b) T2=0,2 giay va s6 mau N = 250;
So sanh phd tan so clia hai trwong hop trén.
Xéac dinh chudi Fourier clia tin hiéu cho trong hinh B 5.4.

k(D)

Xac dinh chudi Fourier
clla xung tam giac i(t)
cho trong hinh 13 55
va biéu dién phd bién
do cla tin hiéu dé.

X&c dinh chudi Fourier
clla xung tam giac i(t)
cho trong hinh B 5.6
va biéu dién phé bién
do cua tin hiéu do.
Dong dién chay qua
cubn cdm L = IOmH
c6 dang cho trén hinh
B 4.7. Hay xac dinh
chubi Fourier cla thé
@ hai dau cuén cam do.
Biét (0= 500r/s.

Xac dinh chudi Fourier clia mét xung vuéng tuan hoan c6 dang nhu trén

hinh B 5.8, "o

- 716 ni6 27

Hinh B 5.8.



5.9. Xac dinh khai trién Fourier duéi dang sin phirc ddy xung vudng c6 dang
nhu trén hinh B 5.9. 1)

A2 NP

Hinh B 5.9.
5.10. Minh B 5.10 la thé hiéu chinh lwu ca chu ky v6i chu ky T =0,0333s va thé
dinh 14 169.7 1V.

The hieu chinh luu cua bai toan 1 4

0.005 001 0015 ©0.02 0025 003 0.035 004 0.045 0.05
Thoi gian.s *

Hinh B 5.10.

a) Viét chwong trinh MATLAB dé tinh cac hé s6 khai trién chudi Fourier
clia dong dién trén dudi dang sin phirc: cn n=0, 1,..., 20.
b) V& phé bién do ctia dong dién do.
c) Tim gia tri ca dong khong déi dc.

5.11. a) Tim khai trién Fourier tin hiéu thé c6 dang nhw mo ta trén hinh B 5.11.
b) Viét chwong trinh MATLAB dé tong hop tin hiéu doé tir 20 s6' hang dau
tién clia chudi Fourier vira dwgc phan tich.

8s >

Hinh B 5.11.
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5.12. Mot mach dién gbm dién tré R = 5Q ghép nditi€pvéimot cudn cam
L =20mH duwoc nubi bang mdt ngudn thé:
v(t) = 100 + 50sin500t + 25sin1500t (V)
Xac dinh cwdng dd dong dién trong mach va congsudt  trungbinh.
5.13. Tim bién d6i Fourier cua tin hiéu:
x(t) =eNMu(t), a >0
5.14. Xac dinh mat dé pho nang lvong cla tin hiéu:
Xx(t) = e-atu(t) -e atu(-t), a >0 nhatrén hinh B 5.14.
Axt)

Hinh B 5.14.

5.15. Tim gia tri hiéu dung ctia cac dong dién sau day:

a) i(t) - 2 - 4cos(2t)

b) i(t) = 3cos(fit - 90°) + 2cos(7t)

c) i(t) = 2cos(2t) + 4cos(2t + 45°) + 7cos(2t - 90°)
5.16. Tinh gia tri hiéu dung ctia cac dién thé sau day:

a) v(t) = 1 + cos(iDt)

b) v(t) = Asin(cot)

c) v(t) la moét ham thé tuan hoan trong chu ky co s&, né dwoc bi€u thi bai

ham so' sau:
30t O<t<01
v(t)= 30(0,2-t) 01<t<0,2
0 02<t<03

TRA LOI VA HUONG DAN giai

5.1. Vi tin hiéu nay, thi chu ky co bdn T = Is; do vay tan s0' co ban oa,=2n/T = 271
Do d6 cac hé sb khai trién chudi Fourier phirc Cnduoc tinh theo cong thirc sau-
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C,, =- JAsin(7tt)e-i2” 'dt = - jle-J"™">" - ]dt
To 2j Q

A -j(2n—hjit e -j(2n+1)7tt 2A
~2] -j(2n-D)F —j@2Cn+)71 ~ @@n2-1)4%
O day ta da str dung: edZin=1 va ejt = et
Vay ham f(t) da dwoc khai trién thanh chubi Fourier phirc dang:
> 2A
E -
noo (4n2- 71

5.2. a) Theo yéu cau cla bai toan, ta tim khai trién dong dién i(t) dwéi dang
cac tin hiéu sin phtrc:

f(t) =

+00
i(t)= E C neJ
n=00

Trong do hé so khai trién Cnduwgc xac dinh theo cong thirc:

C ,, = iTi(t)e-rndt

10
T do thi ta thdy dong dién tuan hoan véi chu ky T = 2 trong khoang tir
-1 <t< 1, nén:

2n
T =2=>co="zr=n
T

Thay biéu thirc cla i(t) va cac gia tri T va (O vao dé tinh C,,;

C. = i[ -(|ﬁn+3)tdt _ .- (i3t
i

ije-5v'™dt=
21 | i 2(jn7i + 3) -|

1 I gGitn+3) _ (~ 6 ) ejnr=
2(jrm + 3) 2(jnT +3) 2(jnd + 3)

(e3-e 3)ent =(e3-e 3)(,)n=(-1)V -e-3)
2(jnd +3) 2(jnTr+3) 2(jnTr+ 3)

,n: - 0dén + @O

vay: m()= 1T
. (3 +jnit)

b) Téng hgp dong dién i(t) tlr 10 s6 hang dau tién; cé nghia la ta phai cong
20 sb hang dau tién trong khai trién Fourier dé thu duoc dong dién i(t);
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«0=s
n=-io (3+jnu)

Chuong trinh MATLAB tinh tong 10 s6 hang dau tién nay:
tn=0.001;
N=10.0An+I;
Co=exp(3)-exp(-3);
forn=-10:10;
for m=I:N;
il(n+1,m)=((0.5*Co*((-)An))/(3+j*2*n*pi))*(exp(j*pi*n*tn*(m-1)));
end
end
for m=I:N;
2=il(:,;m);
13(m)=sum(i2);
end
i=i3'
t=-5.0:0.001:5.0;
plot(t,i);grid
xJabel('Thoi gian, s")
ylabel('Bien do")
title(Tong hop dong dien tu 10 so hang khai trien Fourier dau tien")

Két qua cho trén hinh BG 5.2.
Tong hop dong dien tu 10 so hang khai trien Fourier dau tien

Hinh BG 5.2.
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,Jj207Tt + e-j20m

2t

5.3. x(t) = 4e” u(t)

2
Do vay X(f) = - = +
2+j2n(f-10) 2 +j2ic(f+ 10)

Ph6 nay cho trong hinh BG 5.3:

Pho cua x(t) voi chu ky tay mau T=0.005s Pho cua x(t) voi chu ky lay mau T=0.5s

Hinh BG 5.3
Tlr hinh vé ta thay phd tin hiéu x(t) trong hai trweong hop khac nhau vi
truonii hgp voi T =0,2s c6 hién tugng chong phd xay ra ; cd nghia la diéu
kién 18y mau khoéng thod man nén xay ra hién twong chdng phé.
5.4. Vi v(t) 1a ham 1& nén chudi Fourier cta né chi c6 cac thanh phan sin. Cac
hé s6 khai trién thu duoc t

n 2n
m> = JV sin no)td(cot) + J(-V)sin ncotd(cot)
7t 0 n
/. 2n
\Y
< - —00Sncot + —COSncot
Tt n 0 n
n i
W =135
- cosn7t]= 71° N= 159
nn

0: n=24638,..
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Do.vay chubi cla tin hiéu xung vudng noi trén Ia:

_ a4V v AVARS
v(t) = — sincot + —sin3cot + ——sin5cot + ...
n 371 571

. 4V
Pho6 bién db c6 cac tiala —, n =1,3,5,7,... nhuw trén hinh BG 5.4.
11/
vl it

At . <

T T T
0 1 2 3 456 7 W n

Hinh BG 5.4.
5.5. Tin hiéu nay la mdt ham chan, nén chudi Fourier ctia n6é chi cé thanh
phan cos. Vi vay hé sb khai trién chi cé ankhac khong.
Tin hiéu trén dwoc biéu dién duéi dang:

V H— cot, —A<(@@ <O
v(t) = i
V ——cot, O<Qa<T
n

1 °,r \Y 1nr
Vay an =— v +— Qi cosncutd(cot)+ v 4 , . COSntotd((ot)
n J n J n
-71 0

I or 1 T
= — J[cosncotd(cot) + [ —- cosncotd(cot)- [—cosncotd(cot)

7 J 7 J n

-71 -7t
V 1 cut . . 1 oot . .
— cosncot +— sinncot —QO0Sncot - —sin ncot
n n n n
2Y
) 5 [cos0- cos(-n7t) - cos(nTT) + cOSOo]l =—— (I cosnir |
nn n 71
0, khi n=24p8,..
a=mav_ B =135, @V
In 71
Vay chudi Fourier ctia v(t) la:
vV 4V 4V , 4
v(t) = — +— cos oot + ———os 3cot +— cos 5cot +...
2 TR (3nY (5xey
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Phé bién dd giam rat nhanh véi chi s6' n nhu trén hinh BG 4.5.

V/2 «
4V/712
T f t
( 1 23 45 6 7 n
Hinh BG 4.5.

5.6. Tin hiéu nay la mdt ham 1&, nén chudi Fourier clia nd chi cé thanh phan
cos. Vi vay hé so khai trién chi c6 bnkhac khong.

Ix _V
v(t) =—cot, -7T<0)t<7T
n
1mrVv . - v 1 Qut
bn=-—"" — @xsin ncotd(cit) = —, —, sin ncot - — COS ncot
7n ) 7 2 2 n
-Rn n n 71
2V 2V n
= ——-COS NI = ——x (- 1)
m m

Vay chubi Fourier clia xung rang cua ndi trén co dang:
VR S S SV
v(t)X: <V sincirt - —sinzcot + T sindcot - —sin4cot + ...
71 2 3 4
Pho bién do gidm theo 1/n.
5.7. Lay dao ham béac nhét cta i(t)sé cho dang séng trén hinh BG 5.7.

ik v(t) = di(t)/d(cot)

0 rt 2n 37t.. r

Hinh BG 5.7.
Séng nay giong hét séng cho trong bai 5.3. Vay chi can thay bién do cuc
dai V =20/n la duwoc khai trién clia song nay:
di(t 80 f 1 N
(® sincot + -]7sin3cot +—sin 5(01 +...
d(cot) m2 Vv 3 5

105



Vay khai trién Fourier clia thé & hai dau cudn cam:
. di(t) 400f 1. . .
Vj (1) =Lco- sincot +-sin3tot +-sin 5cot +... (V)
d(()t) n 3 5

5.8. Tin hiéu la ham chdn nén chudi Fourier chi c6 thanh phan cos:

a0
-n /6
7/ 6 -, )
an = ] f\’?cosncotd’(coty= 2—V-si'n o
: -n \/]6 nrt

Do vay chudi Fourier:

v(t)= J\{_ }t\{ > —sin —_— CO$I’ICOt
6 7 ,~in

PhG cua tin hiéu nay dwoc vé trén hinh BG 5.8 dung chuong irinh MATLAB:
N=20;
n=linspace(-N,N,2*N+1);
an=abs(((2/pi)./n).*sin((pi/6).*n));% (2/(pi.*n))*sin((pi/6).*n));
a(N+D-i/3;
stem(n,an);grid
TitleCPho cua tin hieu v(t)voi V=I, lanl)
xlabel(*Chi so n’)

ylabelCBien do")
Pho cua tiri hieu v(tvoi V=1, |an|

Hinh BG 5.8.
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5.9. Tin hiéu V(t) c6 thé khai trién thanh chudi Fourier phtrc dang:

.2n
f()= i c el
n=-oo0
Trong do, hd s6 khai trién Cnduwoc xac dinh tir biéu thic:
A/2
20,
A AR -jTd Ae T
dt = )
C - ' T . n
%X A% T ne
T _ar
_AeT -e T Ae -e T _
=— sin
=T :271 nn 2j nc
jn
T
., (nrcA
sin —
r AA 1 T
T nnA

Hinh BG 5.9 la phd Fourier ciia mot day xung vudng c6 chu ky T = 4s; do
rong A =T/8 va bién do A = 8.

Pho Fourier cua mot day xung vuong

08
06
04
02

0

R 00) -Zb——:‘b—Qb—-ib a 1'0—26—3'7—46 »

Hinh BG 5.9.
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5.10. Phg bién dd va pho pha ctia hé s6 Cncho trén hinh BG 5.10.

Hinh BG 5.10.

5.11. Tlr d0 thi ta cé thé biéu thi tin hiéu thé v(t) tuan hoan v&i chu ky T = 8s
nhuv sau:

2 1 <t<1
v(t) =m

1, - 2<t<-1; 1<t<?2
Tin hiéu v(t)cé chuky T = 8; nén o = 27t/8 = ti/4va la hamchan dé&i voi
t, nénchudi Fourier cGiand chi c¢o thanh phan coscont.Cac hé s6 arduoc
xac dinh tir cong thurc:

T/2 I 20
. m 1A it
a, = ? jv(t)cos ncotdt =— 52‘0654—tdt —J2 (IBTtdt
|

0

2 ., nii .rm
a,= — 3sin— -sin*~~— n=1,2,..
n7t 4 2
2x2-2(1x1) 2 1 LiLn .
a0= --—-- T = —=4— chinh la gia tri trung binh cda tin hiéu v(t).
o]
1 -, nii® 2 n¥ nn
Do dé: v(t) = —+ X 3sin-—--—- sin—cos— t
4  rOni 4 2

Ta cling c6 thé phan tich v(t) thanh chudi Fourier dang sin phtrc:

Vt)=cO+|;creji,+fc_ne-~3

n=| n=-1
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Trong do c,, chinh la gia tri trung binh cta v(t). Tl do thi ta tinh ngay

p e N 2x2-2(1x1) 1
duoc gia tri cua C, = ————----=--mm--- — — =

8 4
12 1[-1 | 2
CN= - jv(t)e“pdt =- J(-1)e~jmwdt + J(2)e"jn"dt + j(-1)e “jno)dt
8-2 8L-2 -1 1
) -1 1 A -l m
it -r
e 4 ’e 4l . e 4
jrm/4 inn/ 4 in7il4
-2 -] -2
jn71 jn71 jnrc jun Jiwwjn7ijnn

.= (e4-e2)-2e 4 -es)+(e 2 -e 4)

2nn

Twong ty ta tinh C_Ntheo cdng thic:

12 1r-1 1 2
C N=- jv(t)ejnodt =- j(-1)ejmudt + J(2)ejrwdt + j(-1)e jrddt
8 2 8[ 2 J

r -1 1 S

k- inZ ik
*] e 4 4 eJT4
- +2 e
” 8 jnn/4 inn/4 jrm/4

-2 -1
o im joa jnt

o (e *-e 2)_2(@e 4 -e =-C.

2 nii
5.12. Truéc hét, ta phai tinh tré khang twong duong clia cac thanh phan tan s6
cé trong thé v(t), sau dé tinh cwong do dong dién twong (ng.
Ta thay trong thé c6 3 thanh phan tan so la:
- Thanh phan mot chiéu an=0: Z0=R =5Q.
VQI _ 100
R 5

vay: b= = 20A

- Thanh phan tan s6 a» = 500 rad/s:

z, =5+j500(20.10-3) 5 +jio = 11,15ej63'4Q .

vay: i| (t) =—— sin(500t-9]) =— --sin(500t - 63,4°)
Z] 11,15
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i|(t) =4,48sin(500t -63,4°) (A)
- Thanh phan tan s&' (2= 1500 rad/s:

22=5+j1500(20.10-") =5 +j30 = 30,4€j8054Q .

v 5
Vay:i(t) =" sin(500t - 0,) =-=A2sin(1500t - 80,54°) (A)
z2 30,4

i2(t) = 0,823sin(1500t-80,54°) (A)

T do ta tinh dwoc cwong dé dong dién hiéu dung:

Cong suét tiéu tan trong dién trd R la:
p=RIh2= (410,6) X 5 = 2053 w

Cong sudt nay dung bang cdng sudt do tirng thanh phan tan sé toa ra
trén R:

, = V,,I(,= 100 x 20 = 2000 w

p, = (1/2)VU|COS0I = (1/2)x50x4,48 xcos(63,4") = 50,2W

p2= (1/2)V2A2c0s02 = (1/2)x25x0,823 xcos(80,54") = 1,69W
Vay cong sudt trung binh:

p=p,+p, +P2=2000W + 50,1W + 1,69W = 2052W .
Ta c6 thétinh cdng suét toa ra trén R bang tich cla thé hiéu dung va dong
hiéu dung & hai dau R nhuw sau:
Hiéu thé hai dau dién tr& R la:

VR(t) = Ri(t) = 100 + 22,4sin(500t-63,4°) + 4,1 Isin( 15001-80,54°)

Do dé thé hiéu hiéu dung:

Cong suét téa ra tron R la:

p= v a = 10259 =2052W
R 5

cong sudt tirc thoi tda ra trén dién tré R duwoc cho trén hinh BG 5.12.



Cong suat tuc thoi Iren dien tro R

Hinh BG 5.12.
5.13. Bién do:
Va2 +47r~f2
| 2nf
va pha: 0 (f) =-tan~
a

Hinh BG 5.13 vé bién do IX(f)U pha 0(f), phan thuc ReX(f) va phan ao
ImapX(f) ctia bién doi Fourier cla tin hiéu da cho theo tan so f véi a =1.

Bien do [X({)| Goc pha

Tan so I

Phan Ihuc Phan ao
Hinh BG 5.13.
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5.14. Ta biéu dién x(t) = x,(t) —x2(t) v6i; x,(t) =e™ u(t); x2t) = c® u(-t)
Do do:

X i<f>=- xah=_ 1,

a +j2icf’

vay: X(f) =X ,(f)-X2(f) =
a +47n1 f

Twr d6 tim dwoc mat dé phd nang luong cla tin hiéu:

IX(F)l2 = 16,1 f2
(a2 +4n2f 2f

5.15. a) dong dién i(t) = 2 - 4cos(2t) gdm hai thanh phan: thanh phan 1 chiéu
i, = 2 va thanh phan xoay chiéu ii = 4cos(2t). i0c6 gia tri hiéu dung la

2A, i, c6 gia tri hiéu dung la é Vay gia tri hiéu dung clla dong dién
i(t) la

Im«=j(2)2+ ()2 =VI2 =2V3A
b) Dong i(t) duoc biéu dién dwdi dang phtrc:

i(t) = 3cos(ft- 90°) + 2cos(ft) =32-900+2Z0°

=2—43=VI137-56,31° A
vay: Im, = ~ =Jy =2,55A

c) i(t) = 2cos(2t) + 4cos(2t + 45°) + 7cos(2t - 90°) =
=27Z0° +47Z45° +7Z-900=2+4Va +j4Vv2 -j7 =
= 7.82-0.20A

Vay gia tri hiéu dung ctia dong dién nay la:

!\rms = ~N— =55A
5.16. a) Thé v(t) = 1 + cos(tot) gdm thanh phan 1 chiéu vO= 1. Giéa tri hiéu dung
clla V(ms = 1; thanh phan xoay chiéu v,(t) = cos(cot) cé gia tri hiéu dung la:

vV, .=—
V2
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Vay gia tri hiéu dung cta v(t) la:

Vims=~(1)*+(")2=1,225V

b) v(t) = Asin(cot) ta tinh truc ti€p gia tri hiéu dung ctia ham thé nay, dua
vao cbng thtrc:

vn» =~ Ajv2(t)dl

) 172 A2T/2 A2
Vay: vrms=~ i (Asincot)2dt= — |1 - cos2tot)dt = ——
10 21 0 4

Hay: N rms =

c) Ham thé nay tuan hoan véi chu ky T = 0,3s, nén gia tri hiéu dung tinh
duoc theo cdng thuc:

Vyms = 1:Jv2(t)dt
10
01 0,2
=>VZds =73 j(30t)2dt+ | [(30(0,2-t)]2dt
0 01
30) ™ 02
j(t)y2dt+ / (0,2-t)2dt
03 0 0,1

o 0,2
(30)2 t3 EI«OQFQ _ (30)2 0,001 0,001
3

9
0,3 s 0 at 0,3

vay: Virs =41 V
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Chuong 6

MACH DIEN TRONG CHE PO BIEU HOA AC
VOl TAN SO THAY D di

DE BAI

6.1. X&c dinh géc léch pha gitta thé Vj(t) véi cac dong dién i,(t) va idt) sau day:
Vv, (t) = 4sin(377t+25°)V;

I,(t) = 0,05c0s(377t-20°)A; i(t) = 4sin2000t
i2(t) =-0,5sin(377t+45°)A,; — -
6.2. Cho mach dién RC néi ti€p nhu trén hinh B 6.2, Vr

V6i R = 120Q; ¢ = 10|LiF. Tinh thé ngudn V, sut  \,)0
thé trén R va trén c. Biét dong dién chay trong
mach:

i(t) = 4sin2000tA. So d6 mach dién
6.3. Mach dién RL ndi ti€p v6i R = 30Q; L = 40mH Hinh B 6.2.
(hinh B 6.3). Tinh thé ngudn V, sut thé trén i(ty=2sin1000t
R va trén L va vé gian do pha cla mach —r—
dién. Biét rang dong dién chay trong mach
i(t) = 2sin(1000t)A. V()0
6.4. Cho mach dién nhw trén hinh B 6.4
a) Xac dinh téng tré z cla mach dién.
b) Tinh dong dién | chay trong mach.

So dé mach dién trén linh
vire thoi gian

______ = e
0,50 Hinh B 6.3.
rd
O 200c0s(10000t) 1mH
100/6nF
________ l—
Hinh B 6.4

6.5. Xac dinh dd dan dién cia mach RLC ndi tiép cho trén hinh B 6.5. Viét
chuwong trinh MATLAB vé si thay déi clia dd dan dién va goc pha ctia né
theo tan s&' goc oo, vGi ba gia tri khac nhau clia dién tré R la 0.5Q- 1Q va
3Q; tuc =7.96e-7"F valL = 12.73eNiH.
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c
Hinh B 6.5.

6.6. Trong mach dién hinh B 6.6, dong dién | =2Z0°A; R = 80Q; jXL=j90Q

6.7.

6.8.

va -jX ¢ =-j30Q. Hay xac dinh sut thé trén moi phan tir va thé téng cong.
Vé& gian do pha ctia mach dién.

| =2z0° son

— CuUuD
b XL 90
O J
-j30n
—l—
-jXc
Hinh B 6.6.

Tim dap tng tan s6 clia mach LRC ndi ti€p, thé 16i ra lay trén dién tré R
nhw trén hinh B 6.7.

nnm - _
L

é v(t)

Hinh B 6.7.

Tim dap &ng tan s6 clia mach LRC ndi ti€p, thé 16i ra ldy trén tu ¢ va trén
cudn cam L nhw trén hinh B 6.8. V& dap ung bién dé va dap Gng pha voi
R = 100Q; ¢ =7.96e-7 ;L = 12.73e-4.

6 jxL3 VL N -jXc

O

-NI- -TYYYY
-jXc XL
Hinh B 6.8.

115



6.9.

6.10.

6.11.

6.12.

6.13.

6.14.

1X6

Tim tan s6 cong huwéng co(, dbd
pham chat Q va cac hiéu thé trén
dién tré R, trén cudn cdm L va
trén tu C clla mach RLC ndi tiép
véi cac thdong s6 cho trén hinh
B 6.9. Biét rang tr&@ khang cla
cuén cam L la ZL=jXL=jl0Q.
Tim céc dong dién i(t), iRt) va ic(t) trong mach RC ghép song song. Néu
v(t) = 100sin2000t V; R =500; C = 20"F.

Tim dap (ng tan s6 clia mach dién cho trong hinh B 6.11.

al

V,(t) = 120sino)t

Hinh B 6.11.

Thé v(t) =400sinl000tV trong mach dién RLC ghép song song v&i R = 100Q;

L =0,2H; C = 20p.F. Xac dinh cac dong dién trong mach chinh va cac
mach ré.

Cho mach dién nhu trén hinh B 6.13.
a) Xac dinh Y cla toan mach dién;
b) Tinh dién thé v(t) & 16i ra.

wt) = 20co0s(6400t)

Hinh B 6.13.
Cho mach dién nhu trén hinh B 6.14.
a) Tun tong tré Z chia toan bd mach.
b) Goi V,|(Y) 1a hiéu dién thé
gitra hai diém A va B, tim hiéu
dién thé phirc V ()d6 néu thé 16i
vao v;(t) da cho.
¢) Tim dap irng tan s6 clia mach
dién do6. V& gian do Bode cla
mach dién nay.



6.15.

6.16.

6.17.

6.18.

6.19.

6.20.

Tim tréd khang phic clla mach dién
cho trén hinh B 6.15 theo j(D.
Mot hé thdng cé dap (mg tan so:
H,j...

jco(jco + 10)
Viét chuong trinh MATLAB vé
dap ung bién dd va dap ng pha
cla hé théng néi trén, khi o thay
déi tir 0,01 dén 1000 rad/s.
Xac dinh gia tri cla tu dién C tai
tan s6 cong hudng trong mach dién
cho trong hinh B 6.17.
Xac dinh tan s6 cong hwéng trong
mach dién cho trong hinh B 6.18.
Xac dinh va vé dap tng bién doé
clia dap Ung tan s6 clia mach dién
cho trong hinh B 6.19 va cho biét
do la bb loc loai gi?

o__TYYYV
10H

Hinh B 6.19.

Vo(t)

1F

3n

Hinh B 6.18.

1H

Cho mach cong hudng song song nhu trong hinh B 6.20. Ngudn dong

16i vao:

i s(t) = coslO0O0t + cosl500t A.
a) Néu aq, = 1000rad/s, R =200Q va ¢ =500]-iF, tinh L, Q, Bw.

b) Tinh thé 16i ra v,,(t) tai hai tan so 16i vao da cho.

is(t) 500].iF

Hinh B 6.20.

D 2000 vOm
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6.21. Tim dap (ng tan sO' clla mach RLC

6.22.

6.23.

ghép song song v&i nhau nhw trén so
ddé hinh B 6.21. Viét chuwong trinh
MATLAB vé dap ing bién d6 va dap
ng pha cla mach dién do
véi 3 gia tri khac nhau cla R la
R = 300Q, 500Q va 1000Q va vGi
c =7.96e-7 F; L = 12.73eNi H.

Cho mach céng huéng ndi ti€p nhuw
trong hinh B 6.22. Ngudn dong |6i
vao V s(t) = 36cos(cot + 45")V.. Dong
dién | c6 bién do 12A.

a) Néu o) = 1000rad/s, R = 200Q va
L = IOmH, tinh ¢, Q, Bw.

b) Tinh thé 16i ra vQ(t) tai tan s&' cong
hvdng (DO.

Tinh I(t) doi v6i E(t) = Ecos(tot + ()0
ctia mach dién trong hinh B 6.23. Ap
dung bang s6:

E= IV; L= ImH; ¢ =200nF;

R =100Q;f= 15.915Hz vacpo=0.
Tinh cbng sudt trung binh tiéu tan
trong mach.

6.24. Thé E(t) tronh mach dién hinh B 6.24

6.25.

(T.26.
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c6 dang: E(t) = Ecos(cot +cp,)

Néu dong i bang khdng hay tim hé
‘thirc gira L va c.

Biét ¢, chirng té rang anh huéng cla
Ri va R2 dén phép do L.

Tr& khang ciia Ampe ké la Ra

So d6 hinh B 6.25 la modt cau
Wheastone. Tinh dién thé tai diém B
va c. Biét rang ngudn thé E = 1Z0°V,
xoay chiéu v&i tan s6 f = 15 91 Hz.
Viét chuong trinh MATLAB Vé gian
do Bode clia dap trng bién do va pha
clla mach dién cé dap tng tan so:

Mp)

Hinh B 6.21.

Vs(t)
|
—0— -4-
Hinh B 6.22.

Et)
i(t)

Hinh B 6.23.

volt)



6.27.

6.28.

6.30.

H(itr) = 100 1+j 10
i+ j— Yi+]
I 100Jv
Tim va vé dap ing bién do va dap
ing pha ctia mach cong hudng
song song trong thuc té véi do dan
G = 10"Q lvailL= 1Q; ¢ = 10|iF;
L = IOOmH nhw trong hinh B 6.27.
Tim tan s6 cdng hudng, thé 16i ra
v(i(t) va vé duwong cong cbng
huéng cla mach cbng hudng
song song trong hinh B 6.28 véi:
R, = 1Q; ¢ = 10JF L = IOOmH
va R2 = 100kQ; khi ngudn dong
igt) = 20cos(377t + 120°)A.

Mach dién cho trong hinh B 6.29,
c6 C| =0,1jtF, Q =6nF; L =2mH;
R, = 100Q va R2= 1Q.

a) Tim thé' 16i ra v,,(t), khi thé I6i
vao v;(t) = 170cos(2rc x 10000t).
b) Xac dinh gia tri cia tu c, dé
thé 16i ra c6 gia tri Idn nhat. Tinh
gia tri do.

a) 'lim tan s6 cdong huwdng cla
mach dién cho trong so do hinh B
6.30.

b) Xac dinh gia tri cia tu C va
cudn cam L dé tan s6 cong hudng
lar,=1000Hzva R, =R2=1Q.
c) Tim dap (ng tan s6 clia mach
dién do.

Vo(t)

Hinh B 6.27.

Hinh B 6.28. So d6 clla mach
cdng hudng song song.
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6.1

6.2.

6.3.

6.4

120

TRA LOI VA HUONG DAN giai

i,(t) =0,05c0s(377t-20")A =0,05sin(377t-20°+90()A = 0,05sin(377t-70°)A;
OM —Oii =-45(). Vay v,(t) sém pha so véi i,(t) mdt goc 45 dé.

Tuwong tw OM - Oi2= 160°

Vay Vi(t) sém pha so v&i i2(t) mdt goc 160°.

Tl so do hinh BG 6.2a, ta tim duoc:

| =4Z0°; xc = 1/jcoC =-j50Q;

VR=IR =4Z0° 120 =480Z0°V

vc=I1XC=4Z0°.(-j50) = 200Z-90°V Hinh BG 6.2a.
V =VR+vc=480Z01+200Z-901=480-j200 = 520Z-22,62"V
Vay: VR(t) = 480sin(2000t) V | =4z

ve(t) = 200sin(2000t- 90°) V

v(t) = 520sin(2000t - 22,62°) V
Gian do6 pha cho trén hinh BG 6.2b.
Tir so do hinh BG 6.3a, ta tim duoc:

| =270 ; XL=jcoL=jli000.40.10 ' =j40Q; 2002900 v =520z 226>

VR=1IR =2Z0°.30 =60Z0 V Gidn &b pa
V0L=1X, =220".(j40) =80Z90°V Hinh BG 6-2b-

V =VR+VL=00z0° + 80Z90" = 60-j80 = 100Z53,13°V

Vay: VvK(t) = 60sin(1000t) V

VIO) = 80sin(1000t+90") V
v(t) = 100sin(1000t + 53,13°) V
Gian do pha cho trén hinh vé BG6.3b.

100Z53.130
. 30
O
jAn VL 5313
— —
60z0° J =2z0°
So d6 mach dién trén linh vuc tan s6’ Gian dd pha
Hinh BG 6.3a. Hinh BG 6.3b.
1
Z =R +j(coL - — )=10z87,15°
coC
200z0°
=207 -87,15°
z 10787,15°
hay i(t) = 20cos(10000t-87,15°)



65 z =R +jXL-jXc=R +jcolL-j
C

oC
Vay dé dan ctia mach RLC ndi tiép la:
Y -1 - : M = !
R+j(C°L_C(;\E) R2+((ULEu~c)2
coL-*“
(oC

go6c pha: ZY =-tan’
R

Hinh BG 6.5 cho thady su thay doéi gia tri va géc pha cta do dan dién theo
tan s6 clla mach RLC ndi tiép.

Su thay doi do dan dien theo tan so cua mach RLC noi tiep

10 10

Tan so Hz
Goc pha cua do dan cua mach RLC noi tiep
10
—9— ri>=5
50 - *u’— R -
i | J K=
0
®
B0 e J
o 1.1 o8er
10 10 10 10 10 10
Tan so Hz
Hinh BG 6.5.

6.6. Tw hinh vé, ta xac dinh duoc:
VR=RI =2Z0° 80Q = 160Z0° V
V0L=X,1=220°.j90Q = 180Z90" V
vc=XCL=2Z0°(-j30Q) =60Z-90" V

Vay thé téng cong la:
V=VR+VL+vc=160Z0" V + 1807900V + 60Z-90" V

= 160 +j 180 - j6O = 160+ 120 = 200236,87° V
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Gian do pha cho trén hinh BG 6.6.

1802900

Hinh BG 6.6.

6.7. Néu thé I6i ra ldy trén R, thi dap (g tan s6 sé& dwoc xac dinh bang:

IRjco) = VR|iee> 1M .

v ' L LC
Pay la dap tng tan s6 cua mdt mach foc tlttiF d&i. Dap (ng nay c6 do ihi
cho trén hinh BG 6.7 v&i ba gia tri khac nhau cia R la: 10Q; 500 va
300Q ; con C=7.96e-7 ;L = 12.73e-4.

Dap ung tan sia cua mach RLC noi tiep loi ra tren R

10 10 10
Tan S0 Hz
Dap ung pha cua rnach RLC noi tiep IGi ra tren R

Hinh BG 6.7.
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8. Tl so do hinh B 6.8, ta tim dwogc dap Ung bién do ctia mach dién:

- A A . jecoL
L6&i ra lay trén cudn cam L: HL(j<a) =
R +j(coL--M
coC
L6i ra lay trén tu dién C: Hc'(jco) = coC
R +j(<oL-—
i U)C)

Déap iig bién dd va dap tng pha ctia mach dién véi 16i ra trén L, ¢ va R
duwoc cho trén hinh BG 6.8 v6i R = 100Q; C=7.96e-7 ;L = 12.73e-4.
Dap ung tan so cua mach RLC noi tiep lai ratren L, ¢ vaR

Dap ung pha cua mach RLC noi tiep lai ratren L, CvaR

Hinh BG 6.8.
6.9. Tai tan s6 cong huwdng, ta co:
iXi =jecod =-jX c=jlOQ
Tl d6 tim duoc tan s6 cong hudng o la:

(@0 =— =———=50000rad/s
va C=— = e = 2.10~6F = 2fiF
«oxl® 510 X10
120
Bicn do thé trén R: VK= RIl, = R X— =120V
] 1 1 PC
Bicn do thEtréntuC: Vro = —lo= — r x = 1000V
0)0]¢ 5.10 X2.10- u
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Bién do thé trén cudn cam L:

VLO =CUOL 10 =5.10* x2.13 19 x 120 =1000V
12

i A
D6 pham chat: @ = —z— = :207x2 100 _ g o
R 12 12
Bién d6 dong dién chay trong mach cong huwdng nay cho trén hinh BG 6.9

véi dién tré R = 1,2Q nhuw trong vi du va hai giéa tri khac la 2Q va 5Q.

Bien do dong dieri

Hinh BG 6.9.
6.10. vV =100Z20"V; Xc=— =-j25Q
jtrC
100Z0
1, =2Z70°A
R 50
V. 10QZ0° 100z0()
Ic = - - =4790 A
Xc ~ -j25 ~25Z-90°
| =IR+1c=270° +4790" =2 +j4 =4,47263.4° A
Vay: i(t) = 4,47sint(2000t+63,41) A

iK(t) = 2sin(2000t) A
ic(t) = 4sin(2000t) + 90™) A
6.11. Tl hinh vé ta tim dwoc thé 16i ra:

E (-iXc)(XL) _ EXIXc
r+H X c)(§X1)x jXL-jXc  XLXc-jR(XL-Xc)
jXL-jXc
Tir d6 tim dugc dap Gng tan s6: 11(jo)) = XLXC
JR(XL _Xc)
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6.12.

Thay Xi =(oL; x c = — vao ta thu duoc:
coC

o>L— L

Heje " = T77— 1

ol —jRdL—=Y Tz JR(CoL-—-—)

0cC ioC c coC
Hinh BG 6.11 cho thay dap ing bién dd va dap (rng pha ctia mach nay véi
R =10Q; c= I|iF vaL =0.002H.

Ti so the la ra Iren the la vao cua mach LC song song

Hinh BG 6.11.
V =400z0°;
XL =jcoL =j2000Q;
Xc= 1/jcoC =-j50Q;
I =1R+1i +1Ic
. \ 400700
Tron%(do: IR= — = =47Z0«A ;
R 100
vV VvV =4 " ol ,
XL jo)L j200
lc=_y_=I11_=i* |2 1 =8Z90»,
xc ljC —J50

| =4z20° +27Z-900 + 8290° 4 +j6= 7,21756,30A

125



Hay: i(t) = 7,21sin(1000t+56,3°)A
iR(t) = 4sin(1000t)A
ic(t) = 8sin(1000t+90")A
iL(t) =2sin(1000t-90°)A

6.13. Y =G +j(coC— —)=10289,72°
coL
X 20209 0
vay vV - 1. =27Z-89,72
Y 10z289,72°
Hay v(t) = 2cos(6400t-89,72°)
-1X
6.14. e
Tir so do hinh BG 6.14a, ta tim duoc:
R,
a) Tong tr& Z=R?+jcolL-*— — —
5 2 jtoRJC vy \Y|
b) Hiéu dién thé phic gitra A va B:
VO =" -(R2 +j«>L) B
L Hinh BG 6.14a.

c) Ty sO gilra hai thé chinh la d4p ing tan s6 cla mach dién nay:
()2+ ] 'r2 1
J«)2+ Ja 1+ R2
Vo(jo>) L R,c R|LC

H(jio) =
(jio) VA Gjf5)

Gw)2+jo R2+ 11 i R1+R 2
L RiC RiLC

Ta dung MATLAB vé gidn doé Bode clia mach dién nay vai:

c =10e-7 ;L =0.1;

RI1 = 10000; R2=10;

w = logspacc(3,4);

f=w./2*pi;

b=[1 (R2/L+1/(R1*Q) R2/(RI*L4C)];

a=[1(R2/L)+1/(R1*C) (R1+R2)/(R1*L*C)];

bode(b,a,f);grid

tilleCGian do Bode cua mach dien bai tap 6.14")

Két qua cho trén hinh BG 6.14b.
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Gian do Bode cua mach dien bai tap 6.14

Hinh BG 6.14b.
Hinh BG 6.14c vé dap (ng bién dd cua mach dién v&i cac gia tri khac
nhau ctia tu C: 1JUF 0,I].iF va 0,01]iF; L =0,1H; R|= 10kQ; R2= 10i2
Tl hinh vé ta thay tu dién ¢ khong nhitng lam thay déi tan s6 cong huéng
ctia mach dién ma con lam thay doéi ca dai thong clia mach dién dé nira.

Dap ung bien do cua mach dien bai tap 6.14 voi C thay doi

Hinh BG 6.14c.
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6.15. Z(jco) = jaj<a)2 +2(jco) + |
jooCjco + 5>
6.16. Chwong trinh MATLAB
w = logspace(-2,4,200);
H = (10*(*w+D)./(j*w.*(j*w+10));
subplot(211)
semilogx(w, 20*logl0(abs(H)));grid
title('Dap ung bien do %)
ylabel('Bien do, dB")
subplot(212)
semilogx(w,unwrap(angle(H))* 180/pi);grid
titic("Dap ung pha")
ylabel(*Goc pha.do’)
xlabel(\omega(rad/s)")
Két qua cho trén hinh BG 6.16.

Dap ung bien do

Bien do, dB

Goc phado

Hinh BG 6.16.
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6.17. MD=2r/s; z, =R| +zc z2=R2+ZL;
2 - 7122 +L/C +j(coLRj-Ro/coC)
zl+22 R] + R2 +j(coL —1/coC)
Tai tan s0' cdng hudng z la sb thuc, nén pha = 0. Ty d6 tim duoc:
coLR| - R2/irC) _ ioL -1/coC)
R,R2+L/C ~ R|+R2
Thay s6 vao ta dugc:
32-3/C 8-1/2C
24 +4/C 10
32C-3 16C-1
24C + 4 20C
Tlr d6 tim dwoc phuong trinh dé xac dinh C:

hay

64C2 - 25C +1=0
Gidi ra tim dugc ¢ = 345|"F va 46| F.
_ jcoL(R-j/coC) _  L(I/C +jcoR)

6.18.
R +j(coL-1/itrC) R +j(coR-1/coC)

Tai tan s6 cong huwdng z 1a s6 thuc, nén goc pha bang 0. Tir dé tim duwoc

phuong trinh dé xac dinh tan sé cdong hudng OX):

“oR_®oL-1/a>0C 2cJ fflL_ 1

I/c R u co0C

Hay: iUQIr 2C2- Lc]= -1 ©0 1 1

VIC-(RC)2 WI/C-R
619 Z =100H1000/(D)_ 103
100- j — 10 + jio-
Cco

Ham truyén bang thé 16i ra chia cho thé 16i vao:

HW- Mg — — 3
Vj(G(0) Z+ji0 10 +jlOco(10 + oi)
. 100 100
H(jco) =

100 +jl1 0(0- c2  (jo))2 +1 Ojco +100
Dung chuong trinh MATLAB vé dap (ing bién dd trén hinh BG 6.19.
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6.20.

Hinh BG 6.19.

bay la mach loc théng thap.

a) = - 2mH
Vic (oC

K ———- =Bw = 10rad/s
RC

b) P6 dan cia mach ¥ =—+— +—
R zc ZL

Tai tan so 16i vao 1000r/s, Y, = Y(jl000) = 1/R = 5ms, nén |hé I6i ra tai
tan s6 nay la vOl(t) =1 S,/Y1= 1Z0°/5.103 =200Z0°V.

Con tai tan s6 I6i vao la 1500r/s, thi thé 16i ra V@ = | /Y (jI500) =
170° /(5+j417) =2,4Z - 89,3° V . Vay:

i ,2t) =2,4cos(1500t - 89,3").

1€ 16i ra tong thé la:

Vv,,(t) =200cosl000t + 2,4co0s(1500t - 89,3()

Gia tu the tai tan so 1500r/s rat nho so véi gia tri thé tai tan sé con° huwédng

6.21. Goi Z la téng tré cla mach RLC ghép song song, ta tinh duworc:
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11'_1'1-=—1+j'(ac+1)=
Z R jeoL -3 R jeoL R

coC



R
T db tim duoc: z =

1+ (jcoC +— L)R

jto
N . RI
Twr d6 tim duwoc thé 16i ra: VO =2ZI1 =
1+ (jcoC + )R
jeoL

Tir d6 tim duwoc Giap (mg tan so:

I-1(jio) = = - 2 = RL<j°»

|(J®) |+ (JaijcC 4L_)R (Jté) RLC+(jCO)L+R

jeoL
= (jeo)/C
=(jo))2 +(jco)/RC +1/LC
Hinh BG 6.21 vé& duong cong cdng hwédng bién dd va pha ctia mach RLC
song song V@i ba gia tri dé dan R la 300, 500 va 1000Q. Chuong trinh
MATLAB sau day vé& va tinh gié tri cling nhu géc pha cta dd dan dién
clia mach RLC song song nay.

Duong cong cong huong cua mach RLC song song voi R khac nhau

Duong cong cong huong cda mach RLC song song voi R khac nhau

Hinh BG 6.21.

6.22. Tai tan s6 cong hudng:
Tong tr& zZ =R maR =V/I =36/12 =3Q
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Q = ®)L/R = 3,33

. = 100fj.F
“O0=;Ec~c = ®0L
Bw =" - =300r/s
Q
Théldira VO=I1Zc= 12,—L—-7-90° =120Z-90°V.
(@c

Vay thé 16i ra la vQt) = 120cos(1000t-45°)
6.25. Goi nit D la nat quy chiéu (VD= 0V). binh luat Kirchhoff d6i v&i dong
dién tai B va c cho ta cac phuong trinh:

V,-VA Ye-vg VB-0_,

jeoL R. R-
Vc-Va ,-Vc-Vb, 'C =0
R' R’
jcoC
VA =E.ejw
T do6 tim duoc:
1 1 1 F
Vg L. -V, — ejio
Ra R2 jcolL R jeoL
\i i 1 ;
- B \:_. +vce - ejb)l
—_ _r 2 R. R,
Thay gia tri cac dai luvgng, ta thu duoc:
| J 10000
L L 1 -1
50 100 jioo 50 100j
S 1 J 100000
-vce +veg L _L J_
50. 50 + 100 + 50 100
Tinh duogc:
VB(l+3j)-Vc(2)) =eiloooo*
VB(-2) + vc (3 + 2j) =e'100000
Giai hdé phuong trinh trén theo VBva v C:
V = 3(1 + j> ejiooooo. _ 0.5571.e ™ d 1™
7j-3
V =11+ |ejiooooot=0 6565 eNoej,xmn
c 7j—3
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Thé VB VB=0.5571Z-68.1986° (V)

Thé v ”:Vc =0.6565Z-60.06850(V)

Lay gan dung:

The Vu VB=0.56Z-68"1(V)

Thé V~: Ve =0.66Z-60." (V)

Vay cac thé duoc biéu dién theo ham sé clia thoi gian:

ve(© = 0,56c0s(100 OO0t - 1,18) V

vg (t) = 0,66c0s(100 OOCt- 1,04) V
6.26. % Tinh gian do Bode

C=10e4;

b=[c 100*c];

pl=10;p2=1.0€3;

a0=l;

al=pl+p2;

a2=pl*p2;

a=[a0 al a2];

w=logspace(0,6);

hi=freqgs(b,a,w);

f=w/(2*pi);

bode(b,a,w);grid

title("Gian do Bode cua bai tap 6.26")

xlabel("Tan so goc ")

Két qua cho trén hinh BG 6.26.

Gian do Bode cua bai tap 6.26

Tansogoc (rad/sec)

Hinh BG 6.26.



6.27. Vi G « 1, c6 thé bd qua. Vi thé dd dan dién tinh duoc:

v = b (e (jco)2LC + (jco)rLC + 1
r +jLO ™ 1+ (jco)L
Tir d6 tinh duoc tréd khang tdng cdng ctia mach dién la:
1+ (jtwr)L
Y (jco)zLC + (j()rLC +1

Thé 16i ra V(, tinh duoc:

I+ (Jit)L
(jco)2LC + (jco)yrLC +1
Dap (ng tan s6 ctia mach dién nay:

VO=ZI =

H<j»)

I(jo» (j(o) LC + (jco)rLC +1
Trong thuc té colL » 1, vi vay dap Ung tan s6 clla mach cdng huwdng song
song trong thuc té ¢6 thé tinh dwgc dudi dang:
jco)L jco)/C
HGco) = (ico) _ (ico)
(jo)2LC +(je)rLC +1  (jm)2 + (jo))E k +J _

Hinh BG 6.27 vé dap (ng bién do va pha ctia mach RLC song song trong
thuc t€é nay véi ¢ = 1F L =0,1H; R = 1Q.

Duong cong cong huong cua mach RLC song song thuc le

(0}
Tan so Hz
During cong cong huong cua mach RLC song song thuc te
................. [J— 1
o) ! .
L
10 10 10 10

Tan so Hi
Hinh BG 6.27.
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6.28. Truwdc hét tinh dd dan cda toan mach cdng hudng song song nay:

Y(j<0) =jcoC+ - — — I
(1<0)=) R|+mdL R.2

[(R] +R2~c02CLR2)+jco(L+CR,R2)
R2(R| +jcol)
Nhan ca t&r s6 1an mau s6 véi (R| - j(olL), ta sé thu dwoc phan thuc riéng
va phan 4o riéng:
w/. I3
Y(coj =4+ -t e T i
R2(R[-to L )
jl(ORi(L +R|CR2)-Q)L(R| +R2-c02CLR2)
R2(R,-co2L2)
Dé tim tan s6 cong huwdng, ta cho phan do bang khong:
it)RI(L + R |CR2)—QrL(R| + R2 —co2C LR 2)j
R2(R, -cir2L?2)

Cé nghiala: Ri (L +R|CR2)-L(R|] +R7- Gr CLR-))=0
Gidi ra theo oo, ta duoc:

ILR2-CRfR]
CL2R2

Néu chon R, = 1Q; R2= I00kQ; ¢ = 10|.iFva L = IOOmH. thi:
Clo = 316,3 rad/s.
buwdng cong cdng hudng cho trén hinh BG 6.28 v6i 3 gia tri khac nhau
cua dién tré R21a 0,3kQ, 1kQ va IO0kQ.
DPé tinh ihd 16i ra v,,(t), truéc hét ta tinh dé dan clha loan bd mach tai tan
s6 o = 377rad/s:
Y, = 0.00001703581228 + 0.00111749876873i
rtr d6 tim duoc:
*GiatricrayY la
IYl = 0.00111762861319
* GOc chia do dan Y &
0 = 89.12661689708719
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Vay thé I6i ra tim duoc la:

v =h = 202120 .
° Y 0.00111762861319789,13 ~

= 1.789503218149976e +004230.87°
Hay trén Iinh vuc thoi gian, thé 16i ra c6 dang:
v,,(t) =1.2895,03c0s(377t+30,87) (V)
Hinh BG 6.28 vé duwong cong cong huwéng twong tng véi 3 gia tri khac
nhau cla R2300n ; IkQ va IOOkQ ;R,= ion ;c = I™~F ;L = 102H.

Do dan Y cua mach cong huong song song bai tap 6.28

Goc cua do dan Y cua mach cong huong song song bai tap 6 28

Hinh BG 6.28.

6.29. a) S dung so d6 mach dién trén Iinh vuc tan s6 nhu trén hinh B 6.29, ta
tim duwoc tong trd clia mach dién la:

z =-jxg+ ¢ jx- yr| +]XI) +Rr.
R,+j(XL-X c2)

~ -)(R | +jcolL
1 +(jcoC)2( I+ )
+ R-
jwC| R,+j(colL-
coC-
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Thay gia tri va dung MATLAB tinh ra ta duoc:

Z = 11102e+002 +1 1430e+002i= 159.3745.8°Q
Tl do tinh duwoc thé 16i ra:

v =tir = MO 147 usgey

0 z 2 159,3745,8°

Trén Iinh vuc thoi gian thé 16i ra ¢ dang:

v,,(t) = I,lcos(27ixI00000t - 45,8°)V
b) D€ thé 16i ra cuc dai thi dong dién 16i ra phai cwc dai (twong duong voi
tong trd khang cé gia tri cuc tiéu); tic la ta phai cé hé thic:

Goocz ~ +1EY) e
Z =2C| + ---- hR2 =pha c0 gid tri nhé nhat.
R, j(coL---

‘Hiay gia tri vao ta tim duoc:

Z =ZCl+ 111 +j 127,56 (Q).
Dé’ gia tri cla biéu thirc nay nhd nhat thi tré khang cla tu ¢, phai cé gia
tri bang -j 127,56 (Q). T d6 tinh duoc gia tri ¢, la:

= jtz7:56  Cj !

= =1.2477e - 008
2N x10 cC, 2tix105 x 127,56

c, =12,5nF
Khi dé thé 16i ra la:

\ 170z0"
V(B):—'i—l? X1=1,532zQ°V

757 11
Trén Iinh vuc thoi gian:
Vv,,(t) = 1.53c0s(271XIO0000t)V
Thé 16i ra dong pha véi thé 16i vao.
6.30. Tong trd cta mach dién nay la:

Z =R, +R2(=JX jXL
’+R,(—j]X8)+J
= R|(R2-jXc)-jXcR, +]XL(R; -jXc)
("2 —XC)

R,R, +XLXC- j(XcR] +XcR2-X1R2)
R2-jXc

137



Diéu kién cong hudng xay ra khi tong trd khang ctia mach la mot sb thuc.
Khi d6 goc & tr bang géc & mau sb. Tir do suy ra:

(XCR| +XcR2-X IR2) -Xc
arctg---- — = arétg ——-
R,R2+XIXc R:
J . (XCR, +XcR2-X1R2) _xc
ay: r,r2+xlxc “or’

Thay: R| =R2= 10; XL=coL; X ¢ = —— vao biéu Ihtrc trén, ta duoc:

G)C
R S T (o T W r
1+ tol coC LC
ioC

Vi tan s ludn ludn la s6 thyc, duong; nén phai cé diéu kién ¢ > L. Vay
tan s6 cdng hudng tim duoc la:

ni=k _ _ U E k; c¢c>L
2t 2nd L

Chon ¢ = 100(.iF, ta s& tim duoc gid tri L dé tan s6 cdng hudng
f = 10000Hz la:

104 x 2tix100.10'6 =

10
lay: (2n)2L = 104-L=>L= —A~ ———=25.10“6H
(2rc) +1

c) Bap (ng tan s6 ctia mach dién tinh dwoc nho thanh 1ap ty s6 v,/v,:

Vi Z R2-jXc

= -jXcR2
R,R2+XLXC—(XCRI +XcR2—X| R

JO)CR2

RIR2+0L 6)@—1{(:”,8R1+t0/éR2~toLR:l_)]



ZN
jco(CRIR2 + L) + (R| + R2) + (jco)2LCR2

H(jco) = LC
_  CR,R2+L R, +R-
Geo) +(©)- LCR- LCR

Pap Ung bién dd va pha ctia mach dién dwoc vé trén hinh BG 6.30 voi
010A4; L=2.5*10A6; R 1=1 va 3 gia tri khac nhau clia R2=[ 150 100];

Dap ung bien do cua tnach dien bai tap 6.30 voi R2 khac nhau

Bien do

Tan so, Hz
Dap urig pha cua rnach dien bai tap 6 30 Vii R2 khac nhau

Goc pha,

Hinh BG 6.30.
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Chuong 9
CAC MACH PIEN VOl KHUECH BAI THUAT TOAN

BAI TAP
9.1. BO khuéch dai thuat
toan cho trong hinh B 9.1
c6 vee = 15V. Hé so
khuéch dai vong m¢
A = 10IS va thé 16i vao
V =0V. Hay tim gi4 tri
cwc dai cia v+ dé bd
khuéch dai hoat dbng
trong ché dé tuyén tinh. Hinh B 9.1.
9.2. B6 khuéch dai thuat toan cho trén hinh B 9.2 ¢c6 VOC=5V; A= 10" v. =0V
va v+= 100sin27tt (f.iV). Tim thé 16i ra v(t) va v& do thi biéu dién.

V.*-

9.3. BO khuéch dai thuit toan cho trén hinh B 9.3 c6 vcC = 5V; A = 105
V = 25[.iV va v+= 50sin2rct (f.tV). Tim thé 16i ra v,,(t) va vé& dé thi bidu dién.

50sin(27rt)

Vo
2/

Hinh B 9.3.
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9.4.

9.5.

9.6.

Hinh B 9.4 la mach khuéch dai dung bd khuéch dai thuat toan véi phan
h6i vong kin trén cac dién tré R| va R2 Tim hé s6 khuéch dai clia mach
khucch dai nay. Biét rang R| = IOkQ; R2 = 50kf2; R| = 500kQ; rO= 0;
A = 10sva bo khuéch dai thuat toan khéng bi béo hoa.

R,

Hinh B 9.4.

B6 KPTT OA cla mach

khuéch dai trong hinh B 9.5

hoat déng v&i ngudn nudi +

12V va dong 16i ra 200mA.

Xac dinh hé s6 khuéch dai

duoc phép cla mach

khuéch dai néu gia tri cuc

dai cia VSla IV.

Hinh B 9.6 la so do tong thé clia bo khuéch dai véi OA ly twdng.

R,+ R2= 10kwW

Hinh B 9.5.

a) Tinh thé 16i ra v,, theo thé 16i vao V, ; V2

b) Tinh thé 16i ra V(, khi thé I6i vao da cho la Vi =2V ;V2=6V.

¢) Néu ngudn nudi clla OA la £12V, cho V, =4V, thi viing duoc phép cla
V 2 bang bao nhiéu?
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9.7.

9.8.

9.9.
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Hinh B 9.7 la so do 16ng thé ctia bo khuéch dai vGiOA ly twong.

a) Tinh thé 16i ra v,, theo thé 16i vao Vi.

b) Tinh dién trd 16i vao khi thé I6i vao la Vi =0,5V.

c) Tinh dong dién 16i ra i(.

d) Tinh cbng sudt cung cdp b&i ngudn thé 16i vaoviva cbng sudt tda ra

Hinh B 9.7.
Tim hé s6 khuéch dai thé ctia bd khuéch dai dung OA trong so do hinh
B 9.8.

Hinh B 9.8.

Tim hé s6 khuéch dai ctia so d6 cho trén hinh 9.9.



9.10.

911

9.12.

Mot bd khuéch dai khong
ddao c6 so dO cho trén
hinh B 9.10.

a) Tun ty sO thé 16i ra trén
tho 16i vao.

b) V& dap tng bién do va
pha cllia mach dién do; voi

C,=0,InF;
¢ 2= 1000i.iF; R, = 25kQ
va R2=30Q.

Tim thé 16i ra trong mach dién cho trén hinh B 9.11.

C6 bd tong 4 16i vao vai céc dién trd'do bang kQ 1a: Rj =1; R2=1/2, R3= 1/4,
R4= 1/8 va R, = 1 Cé&c thé 16i vao hodac duwocndi véi OV hoac V.
Hay biéu thi thé 16i ra VOtheo cac thé 16i vao v4 V, v2 v, dugc cho theo
cac cdu hinh sau:

avd=1V ;v, =0;v2=0,V, =1V.

b)yvd=1V ;v, =1V; v2=1V; V, =0.
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9.13. Tim Ihé 16i ra v,, theo
cac thé 16i vao V, va v2
clia mach dién c6 so do
cho trén hinh B 9.13.

9.14. Tim thé 16i ra cla bd v
khuéch dai thuat toan
theo cac thé 16i vao cla
so d6 khuéch dai vi sai
cho trén hinh B 9.14.
Hinh B 9.14.

9.15. Hinh B 9.15a la mdt mach khuéch

dai vi sai. Tim hé s6 khuéch dai
thék =v (/v, clda mach nay.
Pé diéu chinh hé s6 khuéch dai vi
sai clla mach dién nay, ngudi ta méc
thém vao dién tré diéu chinh Rc
nhw trén hinh B 9.15b va c. Tim
hé s6 khuéch dai thé k =V,/V,
cla hai mach méi nay.

R/2 R,/2

R,/2 R,/2

Hinh B 9.15b.
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r2

Hinh B 9.15a.



9.16. Tim thé 16i ra theo cac thé I6i vao va céc dién trd c6 ghi trén so do, trong
so doé mach dién dung 3 bd khuéch dai thuat toan nhu trén hinh B 9.16.

9.17. Tim thé 16i ra theo cac thé 16i vao va cac dién tré cd ghi trén so do, trong
so doé mach dién dung 3 bd khuéch dai thuat toan nhu trén hinh B 9.17.

Hinh B 9.17.
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9.18. Hinh B 9.18 la so do ctia bd khuéch dai vi sai. Chirng minh rang, thé 16i ra
I&n hé vGi cac thé 16i vao bang hé thic:

V,="-(V,-V2)
Kl

b) Xac dinh gia tri cla cac dién tré Ri va Rj dé bd khuéch dai co hé so
khuéch dai bang 10\

9.19. Tim thé I6i ra theo cac thé 16i vao va cac dién tré c6d ghi trén so do,
trong so d6 mach dién dung 3 bd khuéch dai thuat toan nhw trén hinh

B 9.19. Xac dinh gia tri chia cac dién tré dé hé s6 khuéch dai cla toan
mach bang 10\
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9.20. Cho mach dién trong so dé hinh B 9.20.

a) Chirng minh dong dién i, =i2
b) Tim ty s6 V,/Vj clia mach dién nay.
9.21.
a) Tim tin hiéu 16i ra
clia mach dién c6 so do
cho trén hinh B 9.21
theo thé 16i vao v,(t) va
theo cac linh kién co
trong so do.
b) Tim va vé dap ung
bién do6 vo6i 3 gia tri
khac nhau cta dién tré&
phdan héi R,:100kQ,
300kQ, 500kQ; ¢ = 10
nF va dién tr& R = 2kQ.
9.22. Tinh thé IGi ra chia so do R
hinh B 9.22 khi thé 16i
vao v(t) = sinlOOOt. Biét
rang R =R| = IkQ va tu
c= lfiF
123 Tim tysoV,/Vj. Vé dap Uing
bién d6é va pha cua mach
dién, véi: C, =0,1f.iF,
R, =20Q va R2= 10Q va
ba gia tri khac nhau clia
C| 1a 10fyiF; I|AFvao, ljil;.

Hinh B 9.21.
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r2

Hinh B 9.23.

9.24. Tinh thé I6i ra v,(t) cila mdt mach dién cho trén hinh B 9.24, néu thé 16i vao:
vj(t) = 2c0s(500t-90°)V
Biét rang bd khuéch dai thuat toan OA 1a ly tuéng.

Hinh B 9.24.

9.25. Tinh thé 16i ra ctia so d6 mach dién hinh B 9.25 doi véi cac tin hiéu 16i vao.

Hinh B 9.25.
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9.26. Tim va vé dap ng tan s6 clia cAc mach dién cé so do cho trén hinh B 9.26.

9.27. Tim va vé dap Umng tan sb clia cAc mach dién cé so do cho trén hinh B 9.27.

Hinh B 9.27.

Vi
9.28. Tinh tr& khang — nhin tir I6i vao voi so do hinh B 9.28.
i
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9.29. Tim tré khang 16i vao clia mach dién c¢6 so do cho trén hinh B 9.29. V& su th#
dbi clia tré khang 16i vao z, theo tan s6' voi: R, =10Q, R2=10kQ vac =0,1|iF.

9.30. Tim dap tng tan sb cla

mach dién cé so dé cho
trén hinh B 9.30. Trong
so do nay, bd khuéch
dai thuat toan dau tién
dung dé khuéch dai vi
sai; trong khi bd khuéch
dai thuat toan th& hai
dung dé chuyén doi ire
khang z. V& dap ung bién
dd va pha véi: C| =0,1|0F;
L = IOOmH; RI =R2=
R-, = 0,5kQ va ba gia Iri
khac nhau ctia R: 1500;
IkQ va 5kQ.

Hinh B 9.29.

Hinh B 9-30-

9.31. Tim va vé dap (ng tan s6 mach dién c6 so do cho trong hinh B 9.31.
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1.12. Ching to ring tré khang tai diém A 1a tr& khang clia mdt cudn cam. Tinh
gia tri cla n6

9.33. Chirng té ring trd khang tai diém A 1a tré khang ctia mot dién dung. Tinh
gia tri ctia né.

9.34. Till thé 16i ra trong mach dién cho trong hinh B 9.34a néu thé 16i vao co
dang nhu trén hinh B 9.34b

Hinh B 9.34a. Hinh B 9.34b.
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9.35. Tun hé s0' khuéch dai thé ctia mach dién cho trong hinh B 9.35.

9.36. Tim hé s6 khuéch dai ctia bd khuéch dai vi sai diéu khién bang cau cé so
do cho trén hinh B 9.36; v&i thé 16i vao la ngudn thé 6V.

9.37. Tim thé 16i ra clia bd khuéch dai vi sai diéu khién bang cau c6 so dd cho
trén hinh B 9.37. 20ko 80kn
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9.38. Thiét ké mot may tinh dién tir dé giai phuong trinh vi phan bac hai sau:

gt +K1 ot + K 2x(1)=f(0

9.39. Thiét ké mét mach dién may tinh dién tlr twong tw dé gidi phuwong trinh vi

phan sau:
— X(t)+ 3™~ +x(t) =12cos5t t>0
dt2 dt
véi diéu kién ban dau: x(0) =-4,5; - --9) =15
dt
9.40. Thiét ké mdt mach dién may tinh dién t&r twong tw dé gidi phwong trinh vi
phan sau:
d2x(t dx(t) ., - -
d2x(®) XD it = asin 16t t>0
dt dt
voi diéu kién ban dau: x(0) =2; =0

dt

9.41. Mot mach dién c6 so do cho trén hinh B 9.41, tim thé 16i ra v,,.

R R v2 R

Hinh B 9.41.
9.42. Tim cac thé 16i ra Vi, V2 V. cla mach dién trong hinh B 9.42 véi cac

nguon nubi: Voo = + 5V; V(, = 4V va thé 16i vao Vj (t) la mdt ham ramp
dang v,(t) =t (V).
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Hinh B 9.42.

9.43. Tim thé 16i ra ctia so dd6 mach dién cho trong hinh B 9.43 khi cac khda K
nadm & cac vi tri khac nhau.
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9.44. Tun the 16i ra v,, irong so d6 mach dién tlr cho trong hinh B 9.44 khi cac
khéa K ndm (r cac vi tri khac nhau.

Hinh B 9.44.

TRA LOI VA HUONG DAN giai

91 IvJ =110 < 15V => Iv# < —+ = 15.10-5V = 150f.IV
105

9.2. Thé I6i ra tinh duoc: v,,(t) = Av+= 10sxI00sin(2rct).10 6V = 10sin(27it) V

Trong khoan« thé £5V, thi b khuéch dai hoat déng trong ché do tuyén
tinh, con ngoai khoang trén thi trong ché do bédo hoa. C6 nghia la thé 16i
ra tim duoc duGi dang:

5V, 1<

12 12

) . 5 7

v,,(t) =110sin(27tt)V, — <t< —
12 p

5V, I << T
12 12

The nay cho trong hinh BG 9.2.
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9.3. Theé 16i ra tinh duoc:
V,,(t) = 105« (v+- V.) = 10sx( 50sin(27it).10'6V - 25.10'6V) = 5sin(27it) -2,5V
Trong khoang thé 5sin(27it) - 2,5 < -5V, thi bd khuéch dai hoat dong
trong ché do bao hoa. C6 nghia la thé 16i ra tim duwoc duwéi dang:

5V, L <AL

vO(t) = 12 12
5sin(27Tt)-2,5V, ngoai khoang trén

DO thi cta thé nay cho trén hinh BG 9.3.

9.4. Ap dung dinh luat Kirchhoff cho dong dién tai nat V , la thu duoc
phuong trinh:
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95.

9.6.

; Y
1+ = u%= =0 (1)

Mat khac: -AV =v,=>V_=-— =-10 5V )
Thay (2) vao (1), ta sé tim dugc maoi lién hé gia thé 16i vao va 16i ra va tr
doé tim duwoc hé s6 khuéch dai cta toan bd mach dién:
-Kr5v0-vj (-10'5vo-vo _-10_5V0 =0
+m
R, R Ri
10 10"5+1 1(T5
T - v0=-
Ri R Ri R,

Tl d6 tim dwoc hé s6 khuéch dai ctia mach dién:

G=— =— =-5
v: I(Ts icr5+1  LT5
R +
v Ry R~ Ri /
B6 khuéch dai véi 16i vao khéng dao nén, ta c6 hé s6 khuéch dai:
Vo u R2 Rj+R2 10
VS Ri Ri Ri
/ _a\ i
Dovay:  IVal= 0% vs|<15Vivs= IV, nén: [vO|= O
vRLy vRl,
4
Dong 16i ra: I0=— 22— +— =— + < 200mA

u Ri+R2 RI Ri 50R] Ri

Tir d6 tim dwoc diéu kién doéi véi Ri vaR2
PEé I, < 200mA, thi R| > 1005Q. Mat khac R, + R2= 10kQ, nén ta tim
duoc diéu kién doi véi R2 < 8995Q. Khi dé hé s6 khuéch dai dugc phép
cla toan bd bd khuéch dai la:

Av = 1+ RZ2/R, =9,95
a) Ap dung Kirchhoff tai nit v_ ctiia OA, ta duoc:

v2- Vi1 VoV

Ri R R

Giai ra voi: v,, = V] 1+R3 R: v, R3 Vn =4V, - Vn

Ri R: R.
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9.7.

9.8.

158

b) Thay s0' tim dugc VO=4(2) - 6 =2V.

c) IV, =4(4) - VA< 12V, trddsuy radV <v2<28V

bay la bd khuéch dai 16i vao dao; 16i vao khong dao nbi dat. Vi vay
Vt=V = 0. Ap dung dinh luat Kirchhoff cho dong dién tai cac nat V.
va V A ta dugc cac phuong trinh:

|A .LvA-a."v,

Ri R ‘Ri
_\{ﬁ.}.XéA__,_l/éA_:_y_O: :>V0:R3(i+il—l).va:
R| R2 R3 ° 3 R, R2 1*3

v,,= 3,2VA =-6,4Vj

T doé tim duoc hé so' khuéch dai clia tang khuéch dai nay:

G=— =-64
Vi

b) Dong dién 16i vao tim duorc:

1=¥1-= =10-4A =0,ImA
Ri 5.10

Vi thé dién trd 16i vao ctia mach chinh la didn tréd Ri = 5kQ.

c) bé tinh dong 16i ra i,, ta 4p dung dinh luat Kirchhoff cho dong dién tai
natrav,,:

i,=" +~ A =zAia+i M N =15,0-A
RI r3 8.10 2.10

vay: i,,- |,bmA
d) Céng suat do ngudn 16i vao cung cap:
p. = Vjij =0,5x KT4w = 50].iW
Cong suét fiéu tan trén cac dién tro la:
* Trcn dién trd Ri! Pj = Rjij2=5000x KTRW = 50|™w
* Trén dién tré R,: Pi =VAY R (= 10~w = 100i.iWw
* Trén dién tré R2 P2=VAY R2=10"'w = 1000}xW
* Trén dién tr& R,: p, = (VAV,)Z R, =0,00242W = 2420]iW
*Trén dién tré RL PL=V(2RL=0,00128W = 1280 [4w
Tl hinh vé taco: V, =1,R, + R4, ; V2= R4, vi dong chay qua OA bing

khéng. T d6 tim duwoc: || = va =— — — =08
R. Vi R: +Rs ’



9.9.

Mat khac: =1+-1l1 =25
V2 R2
Viiy hé s6 khuéch dai clia toan bd bd khuéch dai la:
Va
vi Vb

5 1
Tai A tatimduwoc thé: VA - .1 Qvin Ovin

Mat khac, thé 16i ra tinh duoc:

V,.=(I +) VA=~ xivin=l5Vi - 15
V:

Vay hé s6 khuéch dai cia mach dién nay 1a: G = — =15
Vi

9.10. V@i so do trén hinh 9.10. ta tim dugc ham truyén cla mach khuéch dai

khéng dao nay la:

H(f) - V.. (P> V.. Va I/E7P  0i CiRip)
villp) VAX I/c.p @ +C|R|P)
RI+1/C|P

Mach khuéch dai nay c6 dap (rng bién dd va dap (ng pha cho trén hinh
BG 9.10 véi ¢ ,- 0,11F; ¢ 2= IOOtyiF; R| = 25kQ va R2=300Q.
Dap ung bien do cua mach khuyech dai khong dao

Tan so Hz
Goc pha cua mach khuyech dai khong dao

O

Tan so Hz
Hinh BG9.10.
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9.11.

9.12.

9.13.

160

Tai nut A ta co:

1
T do suy ra; VA =-—(Vi +V2+..+VN)
Mat khac thé 16i ra tim duoc:
\
Vou =0+ )VA=j0o +7-)(V, +v2+..+VN)
Rj® " R R|
Thé 16i ra ctia bd tong 4 16i vao nay tim duwgc
vOo=-(8lvl+ N v2+~"N-v3+"N-v4)
R, R' R
Thay gia tri cac dién tré vao, ta duoc: Vi, =- (8v4+ 4V-, + 2v2+ Vi)
Thay cac gia tri da cho ctia Vi dén v4ta duoc:
a)=-9V
b)=- 14V
Day [v4V, v2v,]‘tao nén mdt day nhi phan 4 bit v&i cac gia tri IV hodc
ov. Cau hinh v&i cac 16i vao a) twong tng véi cac sé nhi phan (1001)2=(9)|,,
va (1110)2 = (14)10 Mach nay la mdt bd chuyén ddi Digital-Analog.
Néu dat V, =0 thi dong qua cac dién tré R3va R4 bang 0, nén thé ta

diém A va B bang nhau va bang 0, nén ta c6 cdu hinh ctia 16i vao khong
dao. Khi do, ta tim duoc:

R2 w
Nou
R.
N&u cho v2=0, khi d6 thétai A 1a: VA = "% o
R3+R4

ThE VA=VBnénthéldiras Vou =R‘+RI VA
Ri

T d6, theo nguyén ly chdng chat, ta thu dwoc thé 16i ra khi ca hai thé l6i
vao khac khong la:

V =-in"-V  +- V =L
o R Rs+Rs R, R VIi_k {rdi (kh+1)V'



9.14.

9.15.

9.16.

9.17.

Néu chon ~L =~L, thi: Vou="-[v, - v2]
R2 R4 R|

Ap dung dinh ly Kirchhoff déi v&i dong dién tai cac nit A va B, ta duoc
hai phuong trinh:

r3 r4
M +vfi-v~™ =0
R| R-2
Thé V x=V B nén tir hai phwong trinh trén thu duoc:

Y% - R4(R1+R2)V/ r2v

o1 R,(R3+R4) R|
Thay céc gia tri cho trén so do, ta duoc:
Vo .000.100)

1 11+ 100) - 1 2
vO0 r?2
a) k= -
V, R,
vO r2 1
b)k =
V, R, 1+ R|
2R

k=70 =R I(l+_52)
V, R| 2RO

BO khuéch dai thuat toan OA|[la bd Iap lai thé véi 16i vao dao, 16i ra:

Nl = -1
B khuéch dai OA21a bd khuéch dai tdng, nén thé 16i ra;

Vo=~-(V,,+V2)=-]1(V2-VI)
K| Ki

bay la bo khuéch dai vi sai dung 2 bé khuéch dai thuat toan.

T so do ta thay, khi V, =V 2thi sé khong c6 sut thé trén dién tré R; do vay
khong c6 dong qua R va Re V, =V, va v2 = V2Khi do tang dém hoat
dong nhr mdt bd 1ap lai thé. Nhung néu V, * V2thi c6 dong qua R va R’,
nénv?2-V, >V2- V,; dovay hé s6 khuéch dai ctia mach dién sé tang lén
so vGi hé s6 khuéch dai clla-mét tang. Thé 16i ra Idc nay tinh duoc la:
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9.18.

9.19.

162

2R
Vn = 1+ 1~ 2-V)

K1
Tir day ta thdy néu dung mét dién tré R bién dbi duwoc, thi hd s6 khuéch
dai vi sai cling co6 thé thay dai duoc.
Néu chi dung hai bé khuéch dai thuat toan OA, va OA, va hai dién troR
va R\ thi s& thu duoc mot bd khuéch dai vai 16i ra kép hay con goi la bd
khuéch dai 16i ra vi sai. Khi do thi:

-vi = 1+2FF: (V2 -V,)

\%

Pay la bd khuéch dai vi sai dung 3 khuéch dai thuat toan.

Ta thay hai b khuéch dai thuat toan OA, va OA2la hai bd Iap lai thé I6i

vao khoéng dao, nén thé 16i ra: VU=V,; VAOD=V?2

Ap dung dinh luat Kirchhoff tai cac nat V+va V_cda OA,, ta duoc:
vD-v_ +v0-v_

R R 0 M

v+-v 0
+ m

R R =0=vx= -10 @

R.cd- +3T-)
R| R-

Vi OA la ly twédng nén V+=V .. Do dog, thay (2) vao (1) va thay V|,, =V,;
V)=V 2+ta s& tim duoc thé 16i ra VOIa:

V,=-"~-(V,-V2)
Kl

b) Hé s6 khuéch dai ctia bo khuéch dai vi sai nay la:

G = =~ - =105
V, Ri

Vi vay néu chon R, = 50Q thi R2=5MQ; hoac néu chon R, = 100Q thi
R2= 10MQ.
Cac bd khuéch dai thuat toan OAi va OA2la ly twdng, nén dién tré ndi
cla ching bang co. Cé nghia la dong dién khéng chay qua cac bd khuéch
dai thuat toan nay. Dong dién | chay trong cac dién tr& R va R’ la nhw
nhau, theo cuing mot huéng. Vi vay ta thu duoc:

V, -v 2

R )



9.20.

Trdésuyra:va,=v2- Rl=v2- — (V, —v2) ()

Twong tv: VIG=V,+R1=V ,+— (Vi - v2) (3)
Thé 16i ra chia toan bd bd khuéch dai vi sai nay la:

V., =~-(V10-V 20) (4)
q

Thay (2), (3) vao (4), ta duoc thé 16i ra theo cac thé 16i vao:
v, ="-(VIU - v20)=£i-(1 +~)(V, - v2
Ki( | ) < ( Q( )
Tl d6 tim duwoc hé s6 khuéch dai ctia toan mach 1a;

G = — =" (1 +— )= 105
R

Chon R, =R = IkQ; R2= 10kQ thi R* =500kQ. Pay la cac dién tr& dé tim.
a) Vi bo khuéch dai thuat toan la ly tudng, céd dién tré 16i vao vd clng
I&n, nén dong dién khéng di qua bo khuéch dai thuat toan. Do dé dong
dién i, va i2déu di qua hai dién tré R. Theo dinh luat Kirchhoff cho mét
mang, ta thu dugc:

Rij- Ri2z=0=>i| =i2
b) ﬁlp dung dinh luat Kirchhoff cho dong dién tai nat v + v_, ta tim duoc:

V_-Viy V_-v0 (1)
R| R
— +— M) =0=>v+=-— V° 2
R2 R RI?Q R]:Z)
Thé nhirng: v +=V  nén thay (2) vao (1), ta duoc:
v( vO - vl V]
+ .
RR,(- +— RR(—+ — R R
(R RZ) (R ) R|2
R2-R 0 +r2
llay: Iwow V0 Ve T
R+R2 ° 1 Vi r2-r,
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9.21. a) Ap dung dinh ifuat Kirchhoff cho dong dién tai nit V , ta thu duoc

164

phuwong trinh vi phan lién hé thé 16i vao va thé 16i ra:

vi(t) ,c dvo(Q | Vo(t) =0
R dt Ri

. dvo®  vo® _ Vi
! ~d Rfc RC

bay la phuong trinh vi phan mé ta quan hé gilra tin hiéu vao va ra. Tuy
thudc vao tin hiéu vao vj) ma tin hiéu ra cé cac dang khac nhau. Nghia
Ia phuong trinh cé nghiém lay thudc vao vi(t).

b) D€ tinh dap tng tan so, trwéc hét ta vé so dé duwdi dang tan s6 nhw trén
hinh BG 9.2la. Khi do ap dung dinh luat Kirchhoff cho dong dién tai nit
V , ta thu duoc phuwong trinh lién hé thé 16i vao va thé 16i ra:

R
Hinh BG 9.21a.
V: vO vn
TI5+-JXC Rf O
VOi: XCc=-1-
ioC

Twr do tim duoc dap ing tan s6 ctia mach dién nay la:

V(jco) J3O+ 1/CR,

Hinh BG 9.21lb cho thdy dap Ung bicn dd va dap (rng pha ctia bd6 khuéch
dai nay véi 3 gia tri khac nhau cla dién tré phan hoi Rr IOOkQ, 300kQ,

500kQ va gia tri cia tu C = 10 |iF va dién tr& R = 1kQ, nho chwong trinh
MATLAB:



Dap ung bien do cua mach dien hinh 9.21

1 11 | M Lhbkeeeeeee gt FFTITTITT T T - rm T m | r-
Rf=100K
— Rf=300K
“fe— Rf=500K
O L[] L[ ] . L R *AAAgt mom n
200 Crwrccfmim mmmVowm KT Tr p m
5 I I
10 10
Tan so, Hz

Dap ung pha cua mach dien hinh 9 21

Hinh BG 9.21b.

>22 Phuwong trinh Kirchhoff tai nat V - cho ta:
Vi(D+C<IVO+ Vo =0

R dl Rr
Thay s6 vao, ta tim duoc:
. dvf
Vj +10 3 +v0=0
dt °

10-3 — —+v0 =-sinl1000t
dl

Nghiém cula phwong trinh nay tim duoc dwéi dang:
v,,(t) = Asin(1000t+(p)
['hay vao phuon? trinh dc tim A va o ta duogc:
Alsin( 1000t+(p) + cos(-1000t-(p) = A[sin(1000t+(p) +sin(t/2—1000—<p)]

Hay:

2Asin(1/4+1000t+cp)cos(i/4) = A y[T sin(1000t + - 45°)= -sinlOOOt
o AT
T doé tim duoc: A = —5~ va () = 45"
. V2
Do do: v,,(t) = —-sin(1000t+45%)
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9.23. Trudc hét ta vé so do duéi dang tan s6 nhw trén hinh BG 9.23a.

166

R2

Hinh BG 9.23a.

Ap dung dinh luat Kirchhoff cho dong dién tai nat V_, ta duoc:
V--Vj ,V--V0,V-"-V» _0
*1 - jXci R| “jnCcz2
1
Xc, = ¢ p Xc2= 0>c2
L6i vao + noi dat va bd khuéch dai thuat toan ly tuwdng nén: V+=V. =0.
T do ta tim duoc:

Véi:

1
(w)
Vo R{G2

(jeo)2 + (jeo)(  1--+ S S
R|C| R2C?2 RiIiC,R2C?2

Ham truyén nay chinh la ham truyén ctia mét boé khuéch dai théng dai co
tan so trung tam:

1
#R|R2C|C2

ocC =

va do rong dai théng:
e _ 1 1

O"“r ~ +r 2?2

Aco =

Ngoai ra, hé théng nay cling la mot bd lay dao ham cho dén tan tan so

«Oc 0, = —— va la bd tich phan & ngoai 2=
.C, r 2c 2



Ilinli BG 9.23b cho thdy dap tng bién dbé va dap tng pha cla mach dién

véi 3 gia tri khac nhau ctia C| la 100|aF va l|aF va O,If.iF.

Dap ung bien do cua mach dien hinh (39 23

Dap ung pha cua mach dien hinh B9.23

Hinh BG 9.23b.

9.24. Vi bd khuéch dai thuat toan OA la ly twéng, ncn thé:

9.25.

v+=V =v,
R . V-
'linh thEv+v+= --Z,
Zr +zcC

Trong dé: Zr =R =20.0000Q;

va 7r=. 3 - ) = _j16000Q
wC  (500)(0,125.1(T6)
Do vay:
27 - 90 _ (2Z- 90X16000/ -90)
H= 2 (Li16000) = K257-141
20000-j1 6000 " 3 256127-39
Vi the: v () = vt) = 1,25c0s(500t-141)V

Ap dung dinh luat Kirchhoff cho dong dién tai nut V_, ta thu dugc
phwoiiii trinh:
V -v, +v_-v2 ]|V, -v3]cd(V_-V() =0
R. R7 R dt
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1
<
1

L6i vao khéng dao ctia bd khuéch dai thuat toan néi dat, ncn: V
Tl do6 suy ra:

Vi +z\r/’g~+—r’\+C—d(V—A):O
R R R dt
y _ V v V) V-, 4
ay: tYy=- | (— +— — +——)\dt
W= 1 TR TRE’

Vay mach dién nay Ia mot bd tich phan ctia mét téng 3 16i vao.

9.26. Trwéc hét biéu dién mach dién nhu trén so dd hinh BG 9.26a.
2R

Hinh BG 9.26a.

Ap duyng dinh luat Kirchhoff cho dong dién tai nat V_vaVv+
V_-V, V_-V.

+ -0
2R 2R

‘jXC R
v4=v

T 3 phwong trinh trén, ta tim dwoc dap &ng lan s6:

H(a» =u =gcqeoH|
Vi  RC(j(O)+1

D6i voi hai ham truyén nay ta thdy dap ing bién do lli(jco)l = =1
V.

Con dap &ng pha Ihi thay déi tlr - n dén - 2t lhco tan s6 nhw trcn hinh
BG 9.26b.
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Dap ung bien do cua mach dien hinh B9 26

8 -6-4-2 0 2 4

Tl
o1 RpuypaacarahdnhirhBb
0 05
0
O®b
01
2 0 2
Tan so, rad/s

Hinh BG 9.26b.

9.27. Biéu dicn mach dién dwéi dan" 1an s6 nhw trén so dd hinh 1iG 9.27.

R

Hinh BG 9.27.

Ap dung dinh luat Kirchhoff cho dong dién tai nit V va v +

v--v.,v_-v0=0

2R 2R
V - V. \Y
-i— F+—— =0
R -] Xc
V+=v

I'lr 3 phwong trinh lién, la tim dwoc dap (ng tan so:
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H(jco) =— = ~C(jco)
Vj RC(jw) +1

D6i voi hai ham truyén nay ta thdy dap ng bién do llI(jw)l = — =1
Vi
Con dap &ng pha thi thay ddi tlr 0 dén - 7 theo tan so.
9.28. D6 dang tim duwoc phuong trinh clia mach nay:

i Cp RI+R2

Vi thé, tré khang nhin tir I6i vao la tré khang dwoc biu dién bang mot
dién dung C, twong duong voi:

9.29. P& tim tré khang 16i vao ctia mach; tic la tim ty s6 V|/i. Trwéc hot la vé
so do dwéi dang tan s6 nhw trén hinh BG 9.29a.

»

»

\

Hinh BG 9.29a.

Tw s d6 hinh BG 9.29a, ta tim duoc:
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1

Voi: Xc =
coC
va: V =V
Loai bd V. vaVv+khdi hai phuvong trinh (1) va (2), ta tim dwoc hd thirc
licn hé Vi vai i

y _ R,R2C(fI>)+R|
i RIC(jto) +1 1
Tl d6 tim duwoc tré khang 16i vao:
_ _ NMIN2N(j<) + R
1 i R|C(jco) + 1
Tr& khang phérc nay twong dwona véi modt cudn cdm L ndi ti€p véi mot
dién tr& Rs, tat cA mac song sons v&i dién tré R p

(Lp +Rs)Rp
Z. —

Lp +Rs+ Rf
(o) +1
N S o R§
vallddRs« R ,ihl Z| =Rs -
— (w) +1
p
Cubi cung ta c6:
L=R|R,C
RS=R, .-
R, =R2
Vé&i diéu kién: R| « R,.
Nhv vay so d6 tuong duwong nhw Hinh B 9.29b.
mach dién cho trong hinh BCI 9.29b.
1,\ VO 1 ) . > ’
9.30. B6 tinh ham truyén —— cua mach lgc nay, chi can timir&é khéana twong

duwimz ctia mang dugc cau tao béi cacphan tiC|, A2 R,vaRv
| lam truyén cla hé tliénii tré thanh:
vO0 z R2+R|
- 1]

r3+z r, R,
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Ta c6 thé viét: V = R4 +Rs(i +1i)

va R4i =
c2Zp

\%
hay: z= — =R4+r 5+R4R5C2p

Tré& khang lvong duong véi mang ndi gitka diém A véi diém khoéng vé dién 1
twong duwong véi mach néi ti€p cla tu dién ¢, voi dién tré R = R4+ R, v
vGi cudn cam L c6 gia tri bang R4ARZ2

, vO
Khi dé ham truyén —- tro thanh:
V.

. ROR3 .
LC| (jco)* + R - Cl(jco) +1
vn R1)

v, LC| (jco)- + (R + R3)C| (jtd) +1

Ham nay la ham truyén ctia mach loc chan dai c6é tam tai: or =

LC,
) Vn
Khi a0 —0:
V:
Khi 0) co: Vo
Vi
Néu or =—— , thi ham truyén:
LC
r R_&
Ngeo)l =1V 0 = <o
V. R+R,

Hinh BG 9.30 cho thady dap &ng tan s6 clia mach loc chan dai dung bién

'16i trlr khang nay véi: ¢,= 0,1JIF; L = I0OOmll; R,= R, = R, = 0,5kQ va
ba gia tri khac nhau cta R: 150Q; IkQ va 5kQ.

I'lr O thi cho thay dién trd téng cla dién tr& R4 va R5khong lam thay doi

dai thong cta mach loc chan dai nay; trong khi tich cta diéntré R, va Rs
lai thav d6i tan s6 truno tam cla no.



Dap ung tan so cua mach loc chan dai dung chuyen doi tro khang

By by S

Tan so Hz

Hinh BG 9.30.

9.31. Biéu dién mach dién trén Iinh vuc tan sé nhu trén hinh BG 9.3la.

Ap dung dinh luat Kirchhoff cho dong dién tai cac nat V+va Vv, ta thu

duogc cac phuong trinh:

V -V, V Vv,
+ + =0=>v+=
-jX cl R .
. - JXCl(= # )
R, -jXC|
V--VvQ, V- =0=v =
R3 N2 _jne2 (e — )
r3 R2-jX C2
Vi: vV =V
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vO Vi

nén: -l
R3(~ + e \oommms) = X i(-T- 4 —r— )
R3 ~2~jAC2 R| “j~Cl
~ N
"rir d6 suy ra: IyI(Jocrt) _RIR2 *R3~j7cq)

Vi (Ri —jXC|XR2—jXc2)

Trongdé: XC|= -\ XC2=—"~
0iCi 0c2

Dung MATLAB tinh dugc:

syms w Il Xcl Xc2;

R 1=100* I0A3;%e+3;

R2=10A3;%e+3;

R3=20* 10A3;%e+3;

Cl=0.1e-6;

C2=10c-6;

Xcl=1/(w*Cl);

Xc2=1/(w*C2);

II=(R 11(R2+R3-j*Xc2))/((R2-j*Xc2)*(RI-j*Xcl))

pretty(H)

Két qua thu duoc:

(j(0O+10 )(jco+10 )
Déap ng tan s6 dwoc vé trén hinh BG 9.31b.

Dap ung bien do cua mach dien hinh B9 31

Hinh BG 9.31b.
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9.32. Dc tim trd khang tai A chinh la tré khang 16i vao clla mach; tic la Iim ty
sO v/i. Trwdc hét ta vé so d6 dudi dang tan s6 nhu trén hinh BG 9.32a.

Hinh BG 9.32a.

Tlr So do6 hinh BG 9.32a, 4p dung dinh luat Kirchhoff tai nat A, ta tim

duorc:
. (D
R -j X<
VB-V| +Vr + Vb-V.
Tai nat B: ~=0 (2)
-jXc R3 r2
) 1
Véi: XCc=
toC
va: v_ = v += VB(viI dong qua dién tré R2bang 0).
Do do tr phwong trinh (2), ta tim duogc:
v_-V v_ V.
_ ©)
"] X< 3 X e (— +— 1—)
r3+ - jXc
Thay (38) vao (1), ta tim dwoc hé thic lién hé gitra Vj va i
v _RIR3C(a) +R]| ,
‘ R,C(jco) + 1

Tl d6 tim duwoc tré khang 16i vao:
_V] _ RiR3C(jco) + R|
Z[ 1 R,C(jco) + 1
Hinh BG 9.32b vé& su thay d6i gia tri clia tré khang 16i vao tai A cia mach
dién nay. véi R, = IkQ; R, = 10MQ vatuc =0,l]iF .
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Hinh BG 9.32b.

Tl d6 thi hinh BG 9.32b ta thay khi tan s6 con thap, tr& khang 16i vao 7
c6 tinh chat cia mdt cam khang; béi vi tr& khang tang theo tan s6. &
trong vlng tan s6 cao, tré khang 16i vao Z khéng thay d6i dGi véi tan so.
N6 tuwong duwong nhu mot dién tré thuan. So do6 tuwong duwong nay duoc
biéu thi trén hinh BG 9.32c.

Rs L

R

Hinh BG 9.32c.

Khi Q) con thdp thi nhanh dién tré Rs + (oL c6 gia tri nhd, dong dién chu
ycu cti LU nhanh nay lIci loi ra. Khi tan s6 tang Ién thi gia tri dién tré cla
nhanh riiiy cung tung Icn dut dcn mot gia tri nao dé thi dong dién qus
nhanh nay cé gia tri rdt nho so véi dong dién, di qua nhanh R vi vay
dong dién téng cong bang dong dién di qua nhanh Rp Day la mot*dién tro
thuan cho nén dong dién khéng phu thubc tan sé, gia tri dién trd gan nhw
khong ddi ludn bang Rp



9.33. Biéu dién mach dién trén Iinh vuc tan sé nhw trén hinh BG 9.33a.

Hinh BG 9.33a.

Ap dung dinh luat Kirchhoff tai nit A, ta tim dwoc:
.=Vi-V .+ Vs&- V+

R R"
-V Vv \%
Tai NGtV + -+ - 1+—t-=0=> = .
R 2 _jXc R2(— +— —)
R2 -jxe
Thay v_ = v +tlr (2) vao (1), ta duoc:
1
Vv,
2(—, +—
' (r2 -jX c)

i= R1+R2_V
R,(R2-jX c)

Tl d6 tim duwoc hd thirc lién hé gilra V, va i
i = e — -V,
R,(R2—ixC)
V: R,R2-jR IXc

Do vay, tré khang 16i vao tim duoc la: Z;, = — = —— -=—" -
i Ri+ R2

'liong d6: XC= |
ti)C
5.10 1010

251 + 251(jco)

Duno MATLAB tinh ra ta dugc: Z| =



Hinh BG 9.33b vé sy thay déi cla zj theo tan s0' goc cr. RG rang tré khang
nay cé tinh chat dung khang vi né giam theo sv tdng clia tan s6.

X 107  Su thay doi cua Zi theo tan so cua mach dien hinh B9.33

Tan so, rad/s

Hinh BG 9.33b.

9.34. Tin hiéu 16i ra la vi phan cda tin hiéu 16i vao:

ve=Rcir
Trong d6 R =5.103Q; C =0,2.KT6F. Do vay RC = 10"3S
Theo nhu hinh v&, thé 16i vao Vj dugc biéu thi bang hé thic:

2000t, voi O<t<22ms
8- 2000t, voi 2<t<4ms

va lap lai trong khoang 4 <t< 8.
Do vay tim dwoc thé 16i ra:

y j_2Vv’ véi0<t<2ms

dt | 2V, vb6i2<t<4ms

Do vay tin hiéu ra c6 dang nhu trén hinh BG 9.34.
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I>35 Ap dung dinh luat Kirchhoff cho dong dién tai cac nit v +va v_, nhu trén
hinh BG 9.35, ta thu duwoc cac phwong trinh:

v_-v0 V_-Vo v

- B 1
Rf R2 R| (D
Vs Ve + M1 =g 2)
r4 r3
Tl phucmg trinh (2) suy ra:
Vs R3Vs
V+ = (3)
R * + + r 3 X
r4 r3

Thay v_ =v +tlr (3) vao (1), ta sé tim dwgc hé thic lién hé gitta VOV&i v s
sau doé thanh Iap ty s6 V(/Vs sé thu dugc ham truyén.
Tuw (1), ta thu duogc:
,_ L+ ++ W+ =V o+ v<
Rf R R, Rf R’ “)

Thay v +ttr (3) vao (4), ta duwoc:
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(r 1R2 + RIRf + R2"f )R -
Hay: VS =
R]JR2R]| (R3 + R4) R- R,

(RIR-2 + R|[Rf + R2RAN-3 ~RIRf(R3+R 4) Us =
R,R2Rt(R3+R4) TR

RIR2R3+R2R3Rf-R|R4RF _
RIR2Rf(R3+R4) Rf
T d6é tim duwoc hé sO khuéch dai:
c _ Vo R,R2R3+R2R3Rf-R,R 4Rf

r,r2(R3+"4)

-9i36. Vé lai hinh va danh dau thé tai cac nut nhuw trén so dé hinh BG 9.36.

Twr d6, ap dung dinh luat Kirchhoff cho dong dién tai cac nat, ta thu duoc
cac phuong trinh:

(V. +6) _-(V.)

* Tai nit V_: =0~"™ V, =-1,5V (1
30.10- 10.10
_ V.-V, Vv, V,+6 V, +6- V,
*Tai  natV,: SR e f +—-j— +— + 1 u2 =0 )
30.10 10.103 30.10 10.103

ThayV, =-1,5V tr (1) vao (2), tatinh dwoc V2= 3V.



9.37.

9.38.

P& tim hé s6 khuéch dai, ta phai tinh duoc thé 16i ra v,,. Muén vay ap
dung dinh luat Kirchhoff tai nat V2, ta thu dugc phuong trinh:

V2-Vo , v2 ,V2-V1,V;-(v]|+a) O ?3)
30.103 10.103 30.103 10.103
Thay V, = 1,5V va V2= 3V vao (3) va tim ra ta dwgc: V(, = 12V.
\Y 12

Vay hé s6 khuéch dai clia so do tim duoc la: G = Vi =6 = 2

Vé lai so do va danh dau thé tai cac nut nhw trén hinh BG 9.37.

V, 20kfi 80ka

Ap dung dinh luat Kirchhoff cho dong dién tai:

: V, - Vi
NGtV VieVa, WYy Ve

(1

100 30 10
. v2-V, V2
* NUI V,: +-N +——= (2)
40 60 100
) Vi-V, V-- V-
Nut v= ' +-i— ~=0 3)
10 40

] ) 15V;
T (2), ta tim duwoc: V2= ''=2,42mV
31

Thay V, =5mV va V2=2,42mV vao (3), ta tim dwoc V, = 5,645mV.
Thay Vj =5mV va V, =5,645mVvao (1), ta tim dugc V()= 76mV.

bay la mot phwong trinh vi phan tuyén tinh bac hai véi cac hé sé K|, K21la
nhitng hdng s8, dang téng quat c6 vé phai 1a mot ham sé cla thoi gian dic
trons cho ngoai luc tac dong vao hé thoéng.
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Dé thiét kE mot mach dién tlr c6 kha nang giai phwong winh vi phan nay,
dau tién chung ta viét phuwong trinh vi phan dwéi dang:

d2*W «f(t) - KIM > +K 2x(t)
dv dt

2
Cho dao ham bac hai — nay du¢i dang mot ham thé nao day. Chang
dt'
d2x(t
han cho: (®) = v<t)
dt?

Sau do tich phan lan th nhat ham nay dé thu dwoc dao ham bac nhit
dx(t)

. That vay:
dt
dx(t
O R (t)-K LA K 2x() dt
d = ! gt =1 dt

Tich phan & phia phai ctia biéu thic trén la tich phan clia téng ba s6 hang.
Tich phan nay dwoc thuc hién nhd bd khuéch dai thuat toan O Al; trong
do gia tri ctia cac dién tré R|, R2 Rj va C| duwoc Iya chon dé thda man cac
hé thirc:

—— =l—— =K,; =K2

R,c, R2C, RJC
Khi do6 168i ra caa OAI sé& la Vj(t) = -dx(t)/dt.
Tiép dén lay tich phan v,(t) = -dx(t)/dt nho bdé khuéch dai thuat toan
OA2. Khi d6 16i ra cia OA2 s& la tin hiéu x(t). Mubn vay, gia tri cla tu
Q va cua R4phai dwoc chon sao cho:

—i— =1
R4C2

Khi d6 thi: v2(t) =-
R a6

Cudi cung la ndi cac 16i vao cua tich phan cta tong ba sé hang:

dt

dwoc thwc hién bdi OAI voi f(t), - x(t) va - dx(t)/dt. L6i vao - dx(t) /dt
dwoc lay truc ti€p tir 16i ra ca O Al, nhu chi trén so do hinh BG 9.38. Tin
hiéu - x(t) duwoc thuc hién nho bd dado cé hé s6 khuéch dai don vi duoc



thwc hién nhd bd khuéch dai thuat todan OA3. Con thanh phan f(t) duwoc
noi tryc ti€p voi nguodn thé ¢ dang tin hiéu f(t).
Toan bd qua trinh trén dwoc thuyc hién trén so do dién t&r hinh BG 9.38.

9.39. Truwdc hét ta tim dao ham bac hai:

d2x(t dx(t
x(t) = 120035t-5-x—(—2——x(t)
dt

dt'
Nhuv vay dao ham bac hai nay la téng clia ba ham s6 la 12cos5t, -5
dt
va —x(t). Phép tinh téng nay duoc thuc hién nhe bd khuéch dai téng 3 I6i
vao. Mach nay duogc thuc hién nho OA,.
Tiép dén ta tinh dao ham bac nhat bang cach dung bd tich phan dao ham

bac hai:
t
dx(t) dx(0)
—1 12cos5t-3~"-x(t) dt+
(o] dt dt
0
. dx(0) \ e Len ”
Trong do, = 15 la diéu kién ban dau.
dt
A . A £, dXx(t) s oL AL
Nhu vay, dao ham bac nhat — dugc thyc hién bang bd tich phan voi

ba 16i vao clia bd tong. Gia tri clia cac théng sé clia mach tich phan RC

1V :
duoc chon sao cho hé s6 clia thira so tich phan----— " x(t)dt bang don vi. ¢

RCO
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day tachon ¢ = 10(iF; R = IOOkQ. Mach tich phan téng nay dugc thuc hion

cling nho OA].

dx(0)
dt

s.s.d 1,5V véi cong tac S| nhuw trén hinh vé.

*
biéu kién ban dau =1,5duwoc thyc hién nhod mac mot (Licquy cE])'

Budc tiép theo la tinh x(t) bang cach tich phan dao ham bac nhat, ta duoc:

X(,)= W i> +x(0)

Hé thirc nay cing doucyc thuc hién bang bd tich phan c6 hdng sb thoi gian
R,C| cling bang don vi va diéu kién ban dau x(0) = -4,5 dugc thuc hién
nhd mac moét acquy c6 s.d.d -4,5V v&i cong tic Si nhw trong hinh V&
Mach tich phan nay dwoc thyc hién nho OA2va OA v

Toan bd mach may tinh dién t& cho trén hinh BG 9.39. Trong do6 hai 16i ra

cho biét nghiém cla phuong trinh x(t) va dao ham bac nhat —)é—t - clla no.

Cac ham nay duwoc quan sat bang dao déng ky.

9.41. So db nay c6 tin hiéu 16i ra khong dao va hé s6 khuéch dai bang R/R, c6

184

thé diéu chinh dwoc nho' diéu chinh dién trd Ri.

Khi vj > 0, thi di6t D, mé& (on), D2do6ng (off). Vi D, dan nén IGi vao cla
bd khuéch dai thuat toan OA, no6i dat va vi khdong c6 dong qua dién tré R



9.42.

nén thé V, =0. Do vay, toan bd hé théng gom hai bd khuéch dai thuat
toan ghép ndi ti€p nhau véi hé s6 khuéch dai ctia tang 1 la -R/R, va hé s6
khuéch dai cua tang hai la -R/R =-1. K&t qua hé s6 khuéch dai cla toan
bd hé théng la R/R|. Do vay thé I6i ra la:

VO = -p—V: >0 v6iv >D0.
, 1 1
Khi dé6 Didong (off), D, m& (on): Vi datn6i véi 16i vaoOA2 nén
v3=V, =V. Ap dung dinhluatkirchhoff ddi vé&idong tai nat 10i vao
dao ctia OA|, ta duoc:

Vi vV Vv
+ + =0
Ri 2R R
Hay: V=--— Vi
3R, 1
Khi do6 ihé 16i ra la:
\% 3V R
V=—R+V=—=——V >0
2R 2 Rl 1

ViV. >0, nénV >0. C6 nghia la dau cla v,, la duong (+).

Nhuw vay ca hai trwong hop V> 0 va \j < 0 déu cho thé 16i ra v,, cé cung
két qua va déu la ddu dwong, do vay thé 16i ra dbi v&i ca hai nra chu ky la
donil nhat véi nhan va tin hiéu 16i ra ti 1é véi gia tri tuyét doéi cla tin hiéu
16i vao Ml

So dé nay chinh la mét bd so sanh song song. Trong so dd nay, cac bd
khuéch dai thuat toan duoc nudi bang cac nguén Va=+5V; V(=4V.

Vi tin hiéu 18i vao Vj (t) 1a mdt ham lamp dang Vit) = t (V), nén khi t ndm
trong khoang 0 < t < 4s, ta tim dugc cac thé 16i ra vi, v2 va v, cho trcn
ball?, sau:

Khoang thoi gian (s) Thé 16i vao (V) ThE 16i ra (V)

O<t<l O<v,<1 v3=-5 v2=-5
v,=-5

1<t<2 1<v,<? v3=-5 v2=-5
v,= +5

2<t<3 2<v,<3 v3=-5 v?=+5
Vv,=+5

3<t<4 3<v,<4 v3=+5 vZ2=+5
Vv,=+5

Céc s6 nhi phan (V;, v2 Vi} clia biing trén 1a biéu thi duy nhat clia thé 16i vao V.
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9.43. Pay la mot mach dién t&¢ chuyén doi s6/twong tw D/A.

L&i ra ctia mot bd chuyén ddi D/A N bit dwoc biéu dién boi phuong trinh:

Vn =@N-'aN_, +2N-2aN_2+...+22a2+2*3, +I)v’

1 1 1 2N -ly
aN-1 +-aN-2 +7 aN-3 + =+ 5 5] + AN=720

Mot tir 5 bit (N = 5) thoa mén phuong trinh:

Vg = (16&4 + 833 + 4&2 + 2aj +aQ)v
Néu chon V = 1. Khi do, néu a0 = 1 va tét ca cac a khac bang khong,
thi ta sé& thu dugc V(, = 1. Néu a, = 1 va tit ca cac a khac bang 0, th
V0= 2. Néu af)=a, = 1con tit ca cac a khac bang khéng thi V(=2 + 1=3
... R® rang Vi, la thé twong tuv ti 1& véi 16i vao so.
Néu tat ca 5 bit la 1, thi 16i ra sé la:

1 1 1 R’ R’
vn = 1+—H----L—-1—--- — VR =(18 +8+4+2+1)-~-VR
2 4 8 16 R R v 16R K
Poéng nhat véi phurong trinh chudn @ trén néu chon V = — —VR . biéu

do6 chirng té rang thé twong ty V Oti 1& véi 16 vao sé.

9.44. bay la bd chuyén déi D/A dang bac thang, thé 16i ra c6 dang:
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Chuwong 10
MANG MOT CONG VA HAI C6NG

DE BAI
10.1. Tim ma tran dd dan ctia mang mot céng cho trong hinh B 10.1.

Ri R3

10.2. Tim uwé& khang dong va tré khang truyén va tr dé tinh dong dién chay
trong cac dién tré cia mang mét cdng cho trong hinh B 10.2.

R;
4fi T 12n
~ 6
O
Hinh B 10.2.

10.3. Tim tr& khang dan va trd khang truyén ciia mang mot céng cho trong
hinh B 10.3. v



10.4. Tun dong dién Ix linva cac do dan doéng va do dan truyén ctia mang dién
1c6ng gdbm 4 méat mang doc 1ap cho ircn hinh B 10.4.

101 5
n 30 3il o 70

12V = 6n z, lhon ~n 8n 21

50
Hinh B 10.4.

10.5. Mot tram dién thoai gdbm modt may phat, dwong day va mot may thu cé cau
tao nhw tron so dé hinh B 10.5.
1) Tinh tré khang Zucta may thu dc cong suat thu dat gia tri cwc dai.

2) Xac dinh cong suat cwc dai cia may thu dé.

Ap dung bing s6 r = 2140Q; RO=600Q; X L= 100Q va X C = 16100Q.

° 7 L r L
s ——J_rm _
U) 0
May phéat buong truyén May thu
Hinh B 10.5.

10.6. Tim ma tran tré khang Z clla mang dién dang mang hai cong cho trén

hinh B 10.6.
| R? 1?
Mo
21Q
V, R, | 420 10,50 ;| Rr3 v2
Hinh 6 10.6.
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10.7. Tun ma iran tré khang ctia mang hai cong hinh cht* T nhw trén hinh B 10.7.

-H-—-- (VAP 1---4—0

Hinh B 10.7.

10.8. Thiét 1ap phuwong trinh mang hai c6ng cho mdt mang mat céo trén hinh

B 10.8.

109. Tim ma tran tr& khang z va hé s6 khuéch dai thé ciia mang dién dang

mang hai c8ng khi méc véi tai co dién tré 4kQ nhuw cho trén hinh B 10.9.

601,'0"
1 500Q
1 Cz3- -4-0-
20kn
v, 150Q v* 114kn vO
Hinh B 10.9.

10.10. Tim ma tran do dan ctia mang hai céng chit 7Ltrén hinh B 10.10.



10.11. M@t mach dién c6 ma tréan tré khang sau day:

_ 6-2] 4-6j
[z]=

4—6j 1+2)
Vé so do dién t&, thuc thi mang dién do.
10.12. Tim ma tran dé dan ctia mang dién cho trén hinh B 10.12.

i Ci h
R —

or

Hinh B 10.12.

10.13. Xac dinh ma tran lai ctia mach dién cho trén hinh B 10.13.

ai,
h
4 o
R!
[ R,
o) — I -
Hinh B 10.13.
10.14. Tim ma tran lai cia mang dién c6 so do cho trén hinh B 10.14.
l, R' R2 12
IS S S Y Ve — o)
-V, o+
| Ro
" © v R> v
Av,
Hinh B 10.14.

10.15. Tim ma tran lai cia mang dién 2 cong c6 so do cho trong hinh B 10.15.

I, R’ h
+p» 1=3- 4

(1)

Hinh B 10.15.
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10.16. Tim ma tran khuéch dai G clia mang dién dang mang hai cong cho trén
hinh B 10.16.

li r2 h

- r

V, R, 42Ci 10,5n Rj V,

Hinh B 10.16.

10.17. Tim ma tran truyén ctia mang dién 2 c6ng c6 so do cho trong hinh B 10.17.

| R1 R3 Ri R* h
- » - e r -C 3- mC=kec
20. ! 40 Zn 4an
6fi 6n
Vv,
d)
Hinh B 10.17.

10.18. X4ac dinh ma tréan truyén ctia mang dién cho trén hinh B 10.18.

Hinh B 10.18.

10.19. Tun ma tran truyén ctia mang hai céng cho trén hinh B 10.109.

1H
nnm_ 4
L

V, 1F V,

Hinh B 10.19.

10.20. Tim thé 18i ra trong so dd dién ti cho trén hinh B 10.20. Biét rang mang

) . [3 2
hai cong c6 ma tran tré khang: z =
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10.21. Xac dinh thé 16i ra VOcua mach dién trong so dé cho trén hinh B 10.21

. '3 2
Biét rdng ma tran trir khang Z c6 gia tri la: [Z] = ) 3
12730°V
2z60°A © -j2n IH VO
Hinh B 10.21.

10,22. Hinh B 10.22 Ia mach dién twong duong clia mot transito méc theo so do

_ ) 1200 21074 o
emitte chung va h = la ma tran lai.

50 50.10~6

Tinh hé s6 khuéch dai thé va dong cla transito dé néu ngudn thé 16i vao
V, = coscot V c6 dién tréd ndi 800Q va trd tai 16i ra cé dién tré 5kQ.

, MO)

5kfi

10.23. Tim ma tran truyén ctia mang 2 cuc c6 so do cho trén hinh B 10.23.

X

i
Hinh B 10.23.
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10.24. Tim ma tran truyén ctia mang 2 cuc cd so do cho trén hinh B 10.24.

il Ci
— If

Hinh B 10.24.
10.25. Tun ma tran truyén clia mang 2 cwc ¢6 so do cho trén hinh B 10.25.

‘v ryvv 12

Hinh B10.25.

10.26. Tim ma tran truyén clia mang 2 cuc c¢6 so do cho trén hinh B 10.26.

| L 7
_____ [ —
v ¢, 2¢C IR
C,=
Hinh B 10.26.
10.27. Tim ma tran ctia cau chi* T trén so dé hinh B 10.27.
______ ~~ !_______
Hinh B 10.27.

10.28. Tim ma tran truyén ctia mang 2 cuc cé.so do cho trén hinh B 10.28.
2R 4R 8R 16R 12

2R 8R

Hinh B 10.28.
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10.29. a) Tim ma tran tr& khang ctia mang 2 cong c6 so do cho irong hinh B 10.29
v6i gia thiét khuéch dai thuat toan ly twéng.
b) Néu néi mang 2 céng nay véi ngudn thé 16i vao cé dién tro ndi R, = 50fi
va l6i ra ndi voi tai RL IkQ. Tinh hé s6 khuéch dai thé ctia mang dién nay
va dung MATLAB vé dap trng bién do cua no.

Hinh B 10.29.
10.30. Tun dap (ng tan sb clia mang dién c6 so d6 cho trén hinh B 10.30.

r2

Hinh B 10.30.

10.31. 11171 dién trw 16i vao cla mang dién dwgc tao thanh tlr mang hai cGng
ch* T ¢6 so db cho trong hinh 13 10.31 .

v, C, c? Vo

Hinh B 10.30.

10.32. Tim tré& khang 16i vao va hé s6 khuéch dai clla mang dién dwoc tao thanh
tr mang hai cong chitr T c6 so dd cho irong hinh B 10.32. lai tan s6 goc
0) = lrad/s.
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10.33.
a) 'Inn tré khang 16i vao va ra
b) Bap (ng tan s6 clia mang dién dwoc tao thanh tir mang hai cong chir T
c6 so do cho trong hinh B 10.33.

c) Dung MATLA13, vé& su thay dGi cla tré khang 16i vao va dap (rng tan so
cla mang dién theo tan so.

3 30 h

TRA LOI VA HUONG DAN GiAl

[0.1. Phwong trinh Kirchhoff cho hai mat mang:

10i, - 6i2=24

—6il+ 18i»=0
Trong mang nay V, = 24V; V2=0, cac dong dién: i, =y M, ;i2=y2NVt

. c 1
do d6 d6 dan dong tim duwgc: yn = — = con dé dan truyén:

A 8
1
V, = 51:-‘):-:— . Do d6 dong dién i, = 3A va u = 1A.
A 24 -
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10.2. Tr so d6, ta thu duoc:

10.3.

196

Ap dung dinh luat Kirchhoff cho hai
méat mang nhu trong hinh BG 10.2,

ta thu dwoc hé phwong trinh: 24v
101, = 612=24

-61, + 1812=0

Giai ra ta tim duoc: I| = 3A; 12= 1A Hinh BG 10.2.
va tr d6 tim duoc do dan dong:

'-IL- 3 i
y" V. 24 8
. 10 -6
Do dan truyén: y2l=——  Vv6i A= =180-36 =144
A -6 18

CI21a phan bl cta A: CI2=6.
|
/D\o Vay: y2l = c 2 =_(|5_ =—1|—
A 144 24
Ta cling c6 thé tim dwogc dd dan déng theo cach nay: y]! =

Cu 18 1

Biét y!i va y 12, ta tinh dwoc ngay cac dong dién:

h =ynvi=1*24 =3

h =y2ivi=" x24 =1

Dong dién chay qua dién tré R21a: I, =1i - 12=2A

Phuwong trinh Kirchhoff tai cac nat Vv,,, V! va V2cho ta:
10v, + 2(v, - v2) + I(v,-y 0 =,
2(v2-V, )+ 1(v2- V) + Iv2=0
1(v3-v, )+ (v, - v+ 1lv,=0
May: 13v, - 2v2- V, =,
-2vi + 4v2- v, =0

-v, - v2+3v,=0



HrhBG 12

Irgy: yn=£li

=CiJ H
"4 =44

Tt d6 tim duoc:

_ . =C2l 7
Z11 72 A 23
13 -2 -1
A= -2 4 -1 =123
1 -1 3
-1 ‘-2 - f
= oQ = T
3 13
n 21
123 % 123 2B~
1
Vi=zIIM +2z12i2 + z13i3 - 123
S 7
v2 =Z2IM + z22*2 +z23I3 -
6

v3=2z3IM +2z32i2 +z33i3 -

nhuv trén hinh BG 10.4.

Hinh BG 10.4.

91, —612= 12
—61, + 2412- 101, =0
-101,+ 141, = —oix
-41,+ 1914=0

M

M

Ap dung dinh luat Kirchhoff cho cac mét mang doéc lap:

ZL

10.4. Ky hiéu cac dong dién trong cac mat mang doc lap clia mang dién da cho
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Viét lai hé cac phuong trinh trén du6¢i dang:
91| —612 +013+0l4 =12
—611+ 241) —1013+014=0
—1011—201T+ 1413+ 014 =0
01, -012-413+1914 =0
Dung M ATLAB gidi hé phuong trinh trén ta duoc:
D=[9-6 00:-6 24 -100-10-20 140;0 0 -4 19];

dei(D) = 2280

v=[ 12 ;0 ;0 ;0];

I=inv(D)*V

| =

13.6000

18.4000

36.0000

7.5789

Nhu vay ta tim dugc: |, = 13,6A; 12= 18,4A; |, = 36A va 14= 7,6A;

T doé tim duoc:
]=1,-12=13,6- 18,4 =-4,8A
lin=1,= 13,6 A

Bay gi¢ tinh cac do dan déng va do dan truyén, ta phai tinh dwgc cac ma tran
gj la cac phan bu ctia ma trdn A = D. Tir day ta tim dwoc cac dons dién:
p. GC,V,
A A
9 -6 0 0
-6 24 -10

0
Vé&i: A= = 2280
-10 -20 14 0

0 0 -4 19

24  -10 O°
-20 14 0 =2584
0 -4 19
VvV, =12
ell 2584
Vay: yl= A 2980 =114

Cac do dan khéc cling tinh toan tuong tw...



10-5.

10.6.

10.7.

4830 +256Q.

Codng suét cuc dai Pm= 51i.iW.

Vv
7zl =R - Ri //(R2+R3)=18Q
==
_y2 =R3//(R2 +R,) =90Q
8
v2 5
= e e R3) =6Q
||2:_@ R1+R2+R3( )
z21
Pinh luat Kirchhoff viét cho hai mang:
V, —Z| #1330 +12) - (] + Z), 4" 7as

V, =Z222+Z,(1] +12) = Z1| + (z22+ z’)i2
Do d6 ma tran tré khang cia tic cuc chlr T nay la:

z > « 3 z3
73 22 +23

Ap dung dinh ly nghich dao cho mang hai ¢céng, bang cach cho V2= 0,
sau d6 cho V, = E va tinh dong 12 ta dugc:
e=zm,+z142

0 =z21,+722242 (D
Loai li tr hé phuong trinh (1), ta thu dwoc:
Z21E
= 2)

~ ZpZol—z||z72
Neil cho V, =0 va V2=1i va tinh dong 1|, ta duoc:

~ 7 H (3)
l.pz>1—] 1220
Theo nguyén ly nghich dao thi hai dong dién 1| va 12 phai hand nhau. Vi
mau s6 clia hai donii nay bany, nhau, nén tir (2) va (3) suy ra:

i = fi2

Nhu vay, trong mot mang hai cns tuyén tinh hai tre khanii Z 12 va z2
hans nhau.
Nduoi la cling c6 thé bi€u thi cac donii dién vao 1, va don" ra |, theo céc
thé 16i vao V, varaVv2
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10.8.

200

That vay, theo nguyén ly déi ngau, ta c6 thé dung phwong phap nat mang
dé viét phwong trinh mang hai céng. Khi dé, ta cé cac biéu thic tuyén
tinh m&i biéu thi cAc dong vao va ra theo cac thé I16i vao va ra.

Il =Ynv, +Yi2v2

i2=y2v,+y2N2
Hay duwéi dang ma tran:

_

V v y, 2"V

h a2 Vo v

Trong do:
YII=TT Y12 =
v2=0 v1=0
v21= v =12
Vi v2=0 VE
Ma tran: Y = vy
Y21 Y22.

la ma tran dd dun clia mang hai céng.
Ap dung nguyén ly nghich déo:
V&i V2=0; V, =E, tacd: 12=Y 2IE.
VGi V, =0; V2=E, tacé: 1| =Y, 2.
Vil,=I12nényY 12=Y2
Vay, trong mdét mang hai c6ng tuyén tinh hai dé dan dién Y 2va Y2
bang nhau.
Ta c6 thé phan mang trén thanh 3 mat mang doc lap la: A,B2B, c6 dong
dién I, chay qua (chiéu nhu trén hinh v&). Mat mang A2B,B2cé dong 12
chay qua nhuw trén hinh v& va mét mang thir ba: ANA/BIA, c6 dong dién
I, chay nhw trén hinh v&. T&r d6 ta thiét 1ap dwoc ba phwong trinh cho
mang hai c0112, I1a:
=I\JI] 2272

Vs ZUI T+ ZHD + )~ -

0= + 2,22+ 2,1, (1)
Trong dé tada dat z, | =Z,+ z4; z2=22+ 2y, z,, =Zi +z2+z +z4-

ZP=722=~z2



Z,= 12, =22+ 74
Z20=712=~722—zv
TU phuong trinh 3 ctia hé (1), ta tim duwoc:

! Z8h T 7232
[
B Add
Thay 12vao hai phwong trinh dau cta (1), ta duoc:

V,=Z*mi7+ z*12i2

v2=z'2i,+zyi
Trong do:
ZIL =2|| 2z13z3//213»"2 —z2 BRI
Z|2 = "N21 = Z12 ~
10.9. I -v' =550Q
ifi2o
V:
N = 20,05kQ
11=0
I -v> =50Q
2 -
v A - 12.10«Q
21 = if ,,_, i

Khi mang hai con® néi v&i ngudn thé 16i vao va véi tai 4kQ, ta thu duoc
hé phuong trinh:

Vi = 5501, + 5012

v0=—21061]+20,05.10312

rir day tim dwoc hé s6 khuéch dai thé:

Vo _ 655

10.10. Viét phuong trinh Kirchhoff cho hai nit mang 1va 2, ta dwoc:
I, =Y,v, +(V,- V2)Y, = (Y, + Y,)V, - Y,V2
P=voar2+ (v2-V,)Y, =-Y.,v, + (Y2+ Y ,)V2

Vay ma trdn dé dan ctia mang hai cong chi' Tnéi trén tim duwoc la:

201



,+vy3 -y3
Y = y y y
L -y3 y2+y3
10.11. So do cho trén hinh BG 10.11.

V6i:Z]=2 +4j, z22=4-6] va z3=3+§

Hinh BG 10.11.
10.12. =jco(C, +C2)
v2=0
Y11 =h... -~ +joO(C3+c2)
V] =0

Pé tinh Y 2 la ding so d6 13010.12.

lo
Y21 :7 g-j(rc2
" v2=0

v,2= ~ = -J0)C?2
Vi =0

10.13. Cho I| =0, ta tim dwoc:

\Y ju)CR 2
h12 —v ] )
n
11=0 1+Jot)CR_
111 — = JO)CR
o 11=0 1+ jwCK 2
19 +all
Cho v, =0, ta tim duwgc: — +(l+I1R=>=0
jo)C
I lay 1ex + JWwCR,) + (I + j(0CR2) =0
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a) +jolrCR2
1+ jcoCR

T désuy ra: > =—
n v20
Ta c6: V, =(R,+R2I,+ R2A2 2)
Thay i1 theo I, thu dwoc tir (1) vao phuwong trinh (2) ta dwoc:
R| +(1 —ec)R> + jo)CR|R">
- 1+ jcoCR9

N Vi R| + (@1 —cX)R.2 + jcoCR IR >
T do tim dwoc: hll =—L
I 1+ jcoCR
1220
10.14. Pau licn, tacho V2= 0 (tirc la néi I&t I16i ra cha mang 2 c6ng), ta s& duwoc

so do nhw trén hinh BG 10.14a.

Hinh BG 10.14a.

Tl st d6 hinh BG 10.14a, ta thu duoc:

r,r2
V, =<Ri + i
R| +R2)I
R \% RIR®
T dé tim duwoc: H1l =— =R; +m
l, V'):O R, +R2

Ap dung dinh luat Kirchhoff d6i véi dong dién, ta clins tim duwoc:

R1
I, =-A —
R|] +R?2 RO
Tl d6 tim duoc: H->|:£ = A-"Nj- +— —1
Vt=o ~0 R] + Rt
Bay ui®o, dé lim cac thanh phan con lai ciia ma tran lai. ta phai cho li =0

(Ikrc 1a imat mach 18i vao), ta s& dugc sw do inki nhw trén hinh BG 10.14b.
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Hinh BG 10.14b.
Twr hinh BG 10.14b, ta tim dwoc:

| 2 RI+RJ)+RO
2 (Ri+R2)Ro (R,+R2)Ro
RI1+R2+ RO
Tr d6 tim duoc:
Ri+R: +Ro
H22 =—
I=zo (R,+R2)Ro
R.
V, =
R| + R2

] Rl
V2,|:0 R| +R?2

10.15. Trwéce ticn cho V2= 0, ta c6 so do nhu trén hinh BG 10.15a.

Trdésuyra: Hp =

, © »,

Hinh BG 10.15a.
T hinh BG 10.15a, ta tim dwoc:

v R R2R3
1 = + - I,
r2+r )
Tuw doé tim duoc:
V!
Hll= ,
v,=0 R2+R3
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Mat khac, ta cling tim dwoc:

r2 |
R2+R3
lién suy ra: 11-,.= — =- R-)
I, R2+R3
DE lim céac thanh phan con lai clia ma tran lai, ta phai cho I| =0, nhu trén
hinh BG 10.15b.
I, :O Rl
-4---0-
’ ©

Hinh BG 10.15b.

Tl hinh BG 10.15b, ta tim dwoc:
v2=(R2+r3)l2

Vay:
V2!,=() R2+R3
. Ro
va: V,=
R-) +R3
e 2 R-
'Pdésuy ra: Hp =—L = 2

1,=0 R2+RS3

10.16. Dau ticn ta cé 12= 0 (I6i ra hd mach) nhw trén so dé hinh BG 10.16a.

17=0

80

V, .
0 R, 0] 16Q Ri

Hinh BG 10.16a.
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Tir hinh BG 10.164a, ta tim duoc:

Y _ Ri(R2+ |
Ri+R>+R3

_R|+R2+R3 26 13

" if 122, R,(R2+R,) 48“ 24
Vy
v2= mR;
r2+r3
I rdoé tim duwoc:
v2 R: 16 2

G 2] -
vT R2+R3 24 3

Bay gi¢ dé tim hai thanh phan con lai clla ma tran khuéch dai, ta cho v,= 0;
ng

v,=0

Hinh BG 10.16b.

Tt hinh BG 10.16b, ta tim dwoc:

V. .R-R" I
R2 +R3
R 2R 3 8x16 4
G—n—V2 _ 8x -
12 =0 k2+R3 8+16 3
R
l. =
r2+r3
I R 3 16 2
0,2 =
2 M~ R 2+ 1*3 24 3
Vay ma trén khuéch dai cia mang 2 céng nay la:
13 2
G= 24 3
2 4
3 3
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10.17. Ta thady mang hai c6ng nay dwoc tao thanh tlr hai mang hai céng chiv |
ndi ti€p nhau, (Jo d6 ma tran truyén bang tich cac ma tran truyén cda hai
mang Ihanh phan, vi vay ta tim duoc:

"8 44
Tl = -
1 10
1'8 44 1 8 44 1 '108 792"
T =T|XT2= x =
1 10 6 1 10 - je 18 144
10.18. V] - (Rj+R )1 +R>lY

VO =(X+R")I| +.(Rt +R3)10

| rd6 suy ra:

Ri+R2
A = 5
Vv Lt =0 X+ RI
N 1
c =L
v? >=0 &*+R2
R2 + R3
d - |
11 a + Ro

V-> =0

Po tinh Ii, cho V, =0, ta tim dwoc

R2+r3
I = -
I a + R>
va V,= R ,-R" +R’ (Rl +R2) b =
a+R2

R|(Rt + R3)+ R")R3 —cxR.3

a + 1<2

V, R,(R2+R3)+R2R3-aR 3
Do do: B =
A v2=0 a+R2
10.19. Cho 12= 0, ta tim dwoc:
v2 _ 1jecoc _ 1
~ R+ 1/Jci)C ~ 1+ jcoCR
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va VI = L

I j<0
Vi vay: A= 2 =1+jcoCR =1+ jco
Vei2-0
va c=It = jco
V2
12=0
Cho V2=0, ta tim duwoc:
y jerL//1/jcoC 1
- . . <TN> — 2 .
V, R + (jecoL //1/jcoC)'jcoC ¢ + jco
X iL 1/jcoC |
va
i7 jcoL + 1/jcoC 1-G)2
LA h .
Vi vay B=- =1-0 +joo
v2=0
va D - Ii =1-0"
Il v2=0
10.20. Tlr so do ta co:
v, =V.-2J1l,;
v2=-(1Q)I, =-i2
V,, =V2=-12

TUr phwong trinh ma tran ta duoc:

Vv, “3 2y
V, 2 3 12
it '3 2
Hay 2jl] V
-h 2 3 1

Giai phuwong trinh nay theo ||, 12ta dwoc:
Vi-2jl,= 31, +212
-12= 21, +31,

Hay: (3+j2)I, +212=V,
I, +212=0
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Tw do tim duoc:

Vi _ 26,2Z- 158u . TT 26,27-158
12= =5Su<; = _
—4—j4 ~ —4—j4 4+ j4
vay: v0 =26,2f 158° =4,642203° (V)
m 567245

10.21. Ta tim duwoc thé Thevenin va dién trd noi Zu, la:

Zh=-2j//j1=j2(Q)
V Ih= 1;2150" -122300}. 32/231: 26,27-158°
Khi dé ta cé so d6 mai cho trén hinh BG 10.21.

i2n I, 12

Tl so do trén ta thu duwoc:
VI=VIh-j21,vav0=(-)I2=-12 m=m
Mat khac: Vi = 31,4212 = V- j21,
va V2 = 21,4312 =-12
nén tir do suy ra:
Vih= (3+j2)I1+ 312
va lj =212
Mat khéac ta laico:
[(3-j2)(-2) + 2]12=V h

Do vay VO=-12= -~ - =4,64Z157°V.
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10.22. Tlr so d6 tim dwoc hé phwong trinh:

(800 + 1200)1, +2.10“4Vv2 =10"'3
501, +50.10-6v2=h =-—"™
5000
Dung MATLA-DB, gidi hé phuwong trinh trén tim duoc:
I, =51.10* Avav2=-1,02V.
Mat khéc, ta c6 phwong trinh ma tran:
V| =h||lj +h|2v2
12=h2|l] + h2V?2
Thay cac gia tri chia I, va ctia V 2vao, ta tim dugc:
V, =0,592.10"V va 12=20,4.10" A.

T d6 tim dwoc:

* Hé sO khuéch dai thé: Gy =—-= =-172,3
Vi 0,592.10

* Hé s6 khuéch dai dong: GT =— =1-~-=40
Vj 051

10.23. Ta phéan tich mang nay thanh hai mang moét tré khang néi ti€p nhau nhw
trén hinh BG 10.23.

mV-cb- -CZ3-

Vv,

-

T,
Hinh BG 10.2:
Mang hai céng Tj c6 ma tran truyén:

Mang hai céng T2cé ma tran truyén:
" I OII
T2=
Yy 1
Do vay mang hai c6ng T ¢c6 ma tran truyén:
iz 'l 0 1+zy oz
T=T|xT2=
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10,24. Ta phéan tich mang nay thanh hai mang mot tro khang néi ti€p nhau nhw
trén hinh BG 10.24.

L, ¢ , @
----- Ih Hh
V1 V,
T T,
Hinh BG 10.24.
Mang hai c6ng T| ¢6 ma tran truyén:
1
1
T, = jcoC,
0 1
Mang hai cong T2cd ma tran truyén:
1 o"
T2= j®c: 1
LC 2jcD+ |

Do vay mang hai cong T cé ma tran truyén:

1 1 o"
T:T,XT2: jCOCj X j“C2 l
0 1 LC2j(0H1
c2/c, 1
1+
LC2j(0+1 jo)C]|
jtrC2 1
L C 2jitv +1

10.25. Ta phan tich mang nay thanh hai mang mét tré khang ndi ti€p nhau nhw

trén hinh BG 10.25.
Hh I

V, Rl V)

T, T2
Hinh BG 10.25.
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Mang hai cong Ti ¢é ma tran truyén:

1 Ljco
T,= jecoLC +1
0 1
Mang hai cong T2cd ma tran truyén:
1 0
T2 = ' 1
Le«l

Do vay mang hai c6ng T c6 ma tran truyén:

J Lj® 1 0
T=TixT2= jeoLc+1 X 1

0 1 M |

1 .
L+ jcoL
R jeoLC +1
1
Ri

10.26. Ta phan tich mang nay thanh bén mang mét tré khang néi ti€p nhau nhw
trén hinh BG 10.26.

c, r-rrr\
I, L,
4h ->— 1 Il— L —
°2 L,
V, R1 V
T, t2 t3 T4
Hinh BG 10.26.

. Mang hai c6ng T, c6 ma tran truyén:

1
1
T,= jcoCj
0 1

Mang hai céng T2cé ma tran truyén:
1 L ij°)
T2— jeoL|C2 +1
0 1
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Mang hai céng T, c6 ma tran truyén:

T = jcoC:
L C 2joD+1
Mang hai cong T4cé ma tran truyén:
1 0
Td= 1
R
Do vay mang hai c6ng T ¢é ma tran truyén:

T=T|xT2xT3xT4

;! 1 kiig Y
jcoCi jecoL|C2 +1 x 1 1
0o 1 0 1 L C 2jco +1 Lr1
{ LiC|C 3jco L.c,
+
RL(L|C|C2jco+C])(L2C3ja)+1) jcwLICjC2 +Ci
C 3jco -

RL("273jco+ 1)

10.27. Ta c6 thé coi cau chir T dwgc tao thanh tir hai mang hai cong ghép 16i vao
song song 18i ra song song nhuw trén hinh BG 10.27. Do d6 ma tran do dan
chia nd bang:

v 1=[y .1+ [y 2]

“HAT

<

IAY

7

-0 O0—¢ —O0
a)

Hinh BG 10.27.
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J +2z2+12z3

_ Az 24 Az
v 2]= 1,5 1z, +2z-
. 24 Az H )

|
10.28. Ta thdy mang dién gébm 4 mang 2 cong ghép ndi ti€p nhau.

Ap dung két qua cla bai 10.23, ta tim dwoc ma tran truyén ctia mang T|

i3 2R i+ « 4R
2R
1 1
_ R 2R
r 16R
| 1 3 8R 1+—— 16R
£3= l4R T 4= 18R
1 1
_ 4R 8R
vay: T=TXTXTXT4=

Ta str dung MATLAB dé tinh tich ma tran nay véi 1énh:
syms R T;

TI=[3 2*R 1/R 1];

T2=[3 4*R 1/(2*R) 1J;

T3=[3 8*R 1/(4*R) 1];

T4=[3 16*R 1/(8*R) 1];

T12=T1*T2
T34=T3*T4
T=T12*T34
449
630R
Két qua: T =
315
221
. 8R
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10.29. Ta Vvé lai so do trén ITnh vuc tan s6, nhw trén hinh BG 10.29a.

Tl hinh BG 10.29a, ta thiét lap dugc cac phuong trinh:

V,=1XR1-jXc) (D
V2=RA2+ (B2 Ru) b )
Nhung bd khuéch dai thuat toan ly twéng nén dong dién khéng chay qua
noé. Vi thé:
R2, =Vv_
va: |,(-jXC) =Vv+
V =v
nén: RA3=1|(-jXc) =13= ~ iX¢cli (3)
r2
Thay (3) vao (2), ta duoc:
v2=R42+ (R2+R,) ~I1Xcl (@)
Rl
T (1) va (4) ta tim dugec:
zuz="  =RLl-jXc
L1220
z12 - =0
1,=0
A I 0
120 K%
v?2
J— = R
>1=0
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b) Khi néi mang hai c6ng vé&i ngudn thé 16i vao va vd khang 16i ra, ta sé
thu dwgc so do nhw trén hinh BG 10.29b.

Hinh BG 10.29b.

bay chinh la mang clau cubi nén:

M(ct) =~ e
Vi (zIl +Rj)(z22+R1)~2z12z21

Thay gié tri vao ta tim duogc:

l+~)RI

H(jco) =
(R4+RI1)A+jcoC(R| +Rj)

Dung MATLAB vé dap &rng tan sb voi Iénh:

R1=10A3; R2=2*10A3; R3=10*10A3; R4=2*10A3; Ri=50; RL=10A3;
C=0.1e-6;

w=logspace(0,6)

H=(1+R3/R2)*RL./((R4+RL)*(1+j*W*C*(R 1+Ri)»;
semilogx(w,abs(H));grid

title('Dap ung tan so cua mang dien 2 cong hinh B10.29°)

xlabel(*Tan so, rad/s’)

ylabel(*Gia tri*)

K&t qua cho trén hinh BG 10.29c.
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Hinh BG 10.29c.
10.30. Gia str I16i vao ndi voi ngudn thé cé thé Vi, dién trd ndi bang khong, thi so do
trén twong duong nhv mang hai c6ng mét tré khang, gom dién tré Ri ghép
song song Vv&i tu dién C; 16i ra ndi véi tai cod tré khang Z1 gom cudn cam L
ndi ti€ép vGi dién tré R2 Nhuw vay, ta c6 thé coi day la mang dau cudi cé ma
tran wuyén la

Z
T =
1
V&i: Z:RIHXC)' XC =
R,-jXc coC
Tr& tai clla mang dién la:
ZL=R2+jcoL

T d6 tim duoc dap (ng tan so:
Vn
H =
Vv, (H11+H21Zi)(ZL +HI12+H 22Z i)

Trong d6 Z, = 0. Vay:
oo Vo ZL
V1 Hn(ZL +H12
Thay ZLva Hn, H,2vao biéu thic trén ta tim dwoc biéu thirc tvong minh

cla dap rng tan sob:
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H(jffl) = (R ?.+jtoL)(jcoCR,+I)
(R2 +jcoLXjcoCRI + 1) + RI

. . [R2 , 1

eorz * CJCO[L L RiC 1+ RFleC

Geoy2 + Gy R P RirR2
L RiC R,LC

Péap ng tan s6 dwoc vé trén hinh BG 10.30 nho chuong trinh MATLAB:
R1-10;R2=10A2;
C=30e-6;
L=2;
w=logspace(0,10)
f=w/(2*pi)
H=((*w).A2+j*w*(R2/L+1/(RI*C)+R2/(RI*L*C)))./((j*W).A2+j*w*(R2/
L+ 1/(R 1*C)+ (R 1+R2)/(R 1*L*C)));
semilogx(w,abs(H));grid
title("Dap ung tan so cua mang dien 2 cong hinh B10.30")
xlabel(‘Tan so, rad/s")
ylabel(*Gia tri’)

Dap ung tan so cua rnang dien 2 cong hinh B10 30

Hinh BG 10.30.



10.31. Ta c6 thé coi mang dién duwgc tao thanh tlr mot mang 2 cong chir T véi
16i ra méac voi trd tai la tu dién Q. DO6i véi cau chir T, ta c6 ma tran trd
khang la:

7 = Z1+123 z3
z3 z2+23

Trong truong hop nay:

z, =R; z2=jcoL va., = -
jcoC

72127 21

22 +7Z1L

T d6 ta tim dwoc tré khang 16i vao: Zi,, = Z|, -

frong doi z,| —z, & Zi. —2 —Zi' Z.. —22°1" Zl —
jwC:

T dO tim dwoc Zin
R(jco) + (jto) +
cl LCIC?2 LC!C?2

LC|C2

10.32. Trwéc tién, ta dung phép chuyén d6i mang tam giac thanh mang hinh sao
nhém ba dién tré 3Q, ta sé duwoc so dé hinh BG 10.32.

Ta c6 thé coi mang dién duoc tao thanh tir mot mang 2 c6ng ch¥ T vGi 16i
ra méc voi tré' tai 1a dién trd 6Q.
Zj +z3
22+ 73

D6i v6i cau chu T, tacé ma tran trd khang la: Z =

Trong treong hop nay: z, = I-j; z2= 1va zy = |+j
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Tl d6 ta tim duoc tré khang 16i vaor

z12z21
ZIn- zll
w2 + 2,
Trong dé:  zji =27 +z3=2;
M2="2A=78= 1+
z22=22+23=2+j; ZL=6
Tl d6 tim duoc Zin
z =2_Q_tM +j) =16+2j-j2-2j-1 =)J6_=2Z _7120¢q
2+j+6 8+]j NN
b) Tim hé s6 khuéch dai:
v 2 z21Z L
Vj (Zii +Zj)(z22+2ZL)-Z2j2Z
Trong trwdng hop nay, Zi=0.
Thay gié tri vao, ta tim dugc:
V2= 0 +j)6 =3Q+J) =0532450
V- 22 +j+6)- @+ +)) 8 ’
10.33. Trwdc tién, ta dung phép chuyén déi mang tam giac thanh mang hinh sao
nhém ba dién tréd 3Q, ta sé dugc so do hinh BG 10.33a.

Hinh BG 10.33a.
Ta c6 thé coi mang dién dugc tao thanh tr mét mang 2 cdng chir T voi 16i
ra mac voi trd tai 1a dién tré 6Q.
Bo6i voi cau chr T, ta cé ma tran tré khang la:
Zi +z3 z3

Z =
22 + Zj

1
Trong trwong hop nay: z, = 1+ — ;zj=1va = I+j0
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Tl d6 ta tim duoc tro khang 16i vao: Zin=z,1 —— Ei2"2j_

722+ 7L
Trong d6: Z,,=2 +z,=2+jco+— ;
42=72 = z.1=
I2=72+72z,=2+jco; ZL=6
Tt d6é tim duoc Zin
z 2+im+=x - {1IlM Ix M =
jco 2+ jco+ 6
(2 + jco+ — )(8 + jco) - (1 + jco)2 2
j(@© _ 8(jco) +16(jco) + 8
8 +j@© _ (jco)2 + 8(ji0)

b) Bay gid tim hé so' khuéch dai:

Yj z21AL

Vj  (zn +Zj)(Z22+ ZL)-Z|2Z21
Trong trudng hop nay, Zj= 0.
Thay gia tri vao, ta tim dwoc:

V2 0+ 6(jcu) + 6

Vi (2+jco+—)(2 +jtlr+ 6) - (1 + jco)2(jco)2 + 8(jco) + 16
jto

c) V& do dan I6i vao va dap (ng tan sé dung M ATLAB véi chwong trinh:
b=[8 16 8];

a=[l 80];

b1=[0 6 6];

al=[I 8 16];

w=logspace(0,4)

f=w/(2*pi)

h=freqs(b,a,f);

hl=freqs(bl,al,f);

subplot(211)

semilogx(f,abs(h));grid

title('Tro khang loi vao Zin cua mang dien 2 congitinh B10.33)

xlabel("Tan so, Hz")
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ylabelOGia tri, Ohm")

subplot(212)

semilogx(f,abs(hl));grid

title('Dap ung tan so cua mang dien 2 cong hinh B10.33")
xlabel(*Tan so, Hz")

ylabel(*Bien do")

K&t qua cho trén hinh BG 10.33b.

Tro khang loi vao Zin cua mang dien 2 cong hinh B10 33

Tan so, Hz

Tan so, Hz

Hinh BG 10.33b.



Chuong 11
CAC LOAI MACH LOC THU bONG

DE BAI
11.1. Xac dinh loai mach loc va ham truyén thé cia mach dién cho trong hinh

B 11.1.

>
R

LIY Y I
v,(t) L \olt)

Hinh B 11.1.

11.2. Xac dinh loai mach loc va ham truyén thé ciia mach dién cho trong hinh

B 11.2. R,
1 = }_

vi() Vo)

Hinh B 11.2.

11.3. Xac dinh loai mach loc va ham truyén thé cla mach dién cho trong hinh
B 11.3.

R;

Hinh B 11.3.

11.4; Cho mach loc théng thdp trong hinh B 11.4. Xac dinh hé sé khuéch dai
ctia mach loc néu tan so clia nguodn la 8Hz.
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2kil
V() :iOnF
\e®

Hinh B 11.4.

11.5. Cho mach loc théng dai trong hinh B 11.5. Xac dinh L va R dé tan sb
cdng huwéeng cod= 1000r/s va do rong dai théng Bw= 100r/s.

Vi(tj

Vo(t)

Hinh B 11.5.

11.6. Tinh mach lgc théng thap dung dé nudi mét dién tré R = 500Q vGi tan 5
cét @c = 2000rad/s.

11.7. a). Mach loc Butterworth thong thdp c6 dap (ng tan s6 tai tan s cat
coc = lrad/s 1a:

(jco)2 +1,414(jco) + |
H&y bién mach loc néi trén thanh mach loc théng thdp khac, c6 tan s6 cat
fc = 100Hz.

b) Dung MATLAB vé dap irng tan s¢' ctia mach loc théng thdp méi va
mach loc da cho.

11.8. Mach loc Butterworth thong thdp c6 dap (ng tan s6 tai tan s& cét
occ = lrad/s la:

H(jco) = ——- - !
(jco) + 1,414(jca) + 1

a) Hay bién mach loc néi trén thanh mach loc thdong cao, véi cung tan so
cat nhu mach loc théng thap da cho.

b) V& dap tng tan s6 clia hai mach loc.
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11.9. Mach loc Butterworth théng thap c6 dap (ng tan so tai tan sd cat Oc =
Irad/s la:

H(jco) =

(jco) + 1,414(j<o) + 1
a) Hay bién mach loc néi trén thanh mach loc théng dai, véi B = lrad/s
cung tan so cét.
b) V& dap &ng tan sb cla hai mach loc.

11.10. Mach loc Buttervvorth théng thdp c6 dap (rng tan so tai tan sé cat (Oc =
Irad/s la:

H(jco) = i
(jco) +1,414(jco) +1

a) Hay bién mach loc néi trén thanh mach loc chan dai, véi B = lrad/s
cung tan so cét.
b) V& dap &ng tan sb cua hai mach loc.

11.11. Mach loc Butterworth théng thdp bac 3 c6 ham truyén tai tan so' cat

Coc = lrad/s la:

Hj(x) = \
(x +D[(x)2 +(x) +1]

a) Hay bién mach loc néitrén thanh mach loc thong thip khac, véi tan sb
cit coc = 100 rad/s vavéi hésd khuéch dai tinh bing 5.
b) V& dap &ng tan so6 cda hai mach loc.

11.12. Nguoi ta ghép ndi ti€p mdt mach loc Butterworth thdéng thap cé dap ting
tan so la:

Hx (jco) = - i
(jco)2 + 1,414(jco) + 1

va mot mach loc thdng cao cé dap rng tan so:

HN )= — T «*1 . e
(jco) +1,414(jo>) +

nhu trén so d6 hinh B 11.12.

X(t) y(t)
------- > HO)

Hinh B 11.12.
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a) Cho biét mach loc méi duoc tao thanh la mach loc loai gi ?
b) Viét chvong trinh MATLAB vé dap (rng tan s6 clia ca 3 mach loc.
11.13. Nguoi ta ghép ndi ti€p mdt mach loc Butterworth théng thdp cé dap ing
tan so la
8.10
Hr (x) =
X2 +2828X + 4.106

va moét mach loc thdng cao c6 ng tan so:

2\
He(x) =
x2 +141,4x + 104
nhwv trén so d6 hinh B 11.13.
X(t) Y

Ht(x) He(x)

Hinh B 11.13.

a) Cho biét mach loc méi duogc tao thanh la mach loc loai gi ?
b) Viét chwong trinh MATLAB vé dap &ng tan s6 clia ca 3 mach loc.

11.14. Nguoi ta ghép mach loc Butterworth théng thap cé dap (ng tan so la:
8.10
HT| (x) =
x2 +2828X +4.106
va mot mach loc théng thap khac c6 (ng tan soé:
2.10
Hn(x) =
x2 +141,4x + 104
nhu trén so do hinh B 11.14.

Hinh B 11.14.
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a) Tim tan s6 cat cla cac mach loc HT|(x) va BnCx).

b) Cho biét mach loc méi dwoc tao thanh la mach loc loai gi?

*c) Vi€t chwvong trinh MATLAB vé dap (rng tan s6 clia cad 3 mach loc.
11.15. MOt mang dién c6 dap (ng tan so:

. 1
H(jco) =

LC(jco)2 +~(jco) + 1

a) Cho biét dé la bod loc loai gi?
b) Tinh tan sd cit, dai théng va dd pham chéat ctia mach loc do.
c) Vé dap wng tan s6 do' véi C =1(Q.F, L = 2,5H va véi 3 gia tri khac nhau
cla R =500Q; IkQ va 5kQ.

11.16. Tim dap &ng tan s6 cla mach dién cho trong hinh B 11.16.
Dung MATLAB vé dap &ng tan sé voi C = 7.96e-7 |iF; L = 12.73e-4 H
va ba gia tri khac nhau ctia R la: 10Q; 50Q va 300Q.

c

Y Yy
L

V() O

Hinh B 11.16.

11.17. Inn dap &ng tan s6 cla mach dién cho trén hinh B 11.17. V& dap ng
bién do va dap ¢ng pha véi R = 10Q; 100Q va 1000Q; C = 7.96e - 7|aF :
L = 12.73H,;

Hinh B 11.17.

11.18. Tim dap ng tan s6 cla mach dién cho trén hinh B 11.18. V& dap ng
bién d6 va dap trng pha v6i C =0,1]iF; L = 12ir»H va 3 gia tri khac nhau
cia R = 10Q; 100 va 1000Q.
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JYYYX.

Hinh B 11.18.

11.19. Mach dién hinh B 11.19 la mdt mach loc théong dai. Tim tan s6' trung tam
0)],, d6 phdm chat Q, thé 16i ra v|,(t) va cac cac hiéu thé trén cudén cam L va
trén tu C, khi ngudn thé 16i vao vj(t) = 120sinfo(t. Biét rang tai tan sé cong
huwdng cudn cdm L c6 tré khang la X L= 100Q.

J c 0,2mH
S I iYyy\

vy O 01.20 va)

Hinh B 11.19.

11.20. Tim dap Gng tan s6 cta mach dién cho trong hinh B 11.20 . Cho biét d6

la bo loc loai gi? vé dap ng tan sb clda bd loc d6 véi R = 10 Q; c= l|aF
valL =0,002H.

v(t)

Hinh B 11.20.
11.21. Cho mach dién nhu trén hinh B 11.21.
a) Tim téng tr& Z cha toan bd mach.

b) Goi V,,(t) 1a hiéu dién thé gitra hai diém A va B, tim hiéu dién thé phic
V ()dé néu thé 16i vao Vi(t) da cho.

c) Tim dap ng tan s6 clla mach dién dé. Vé dap ing bién do véi sy thay
ddi cua tu dién C.

11.22. Xac dinh va vé dap &ng bién dd cla dap (ng tan s6' clla mach dién cho
trong hinh B 11.22 va cho biét dé la bd loc loai gi:
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0-/'YYYY
10H

A Vo(t)
vi(®) 0 100Q

Hinh B 11.22.
11.23. Qio mach dién cé so dd nhu trong r- 1 i
hinh B 11.23. Ngudn thé 16i vao L R
v, (t) = 36cos(coct + 45°) V. Dong Vs(t) e
dién | c6 bién dd 12A.
a) Néu (Oc = 1000rad/s, R = 200Q -4-
va L = IOmH, tinhc, Q, B*. Hinh B 11.23.
b) Tinh thé 16i ra v,,(t) tai tan s6
cdng huwéng to0.
11.24. Tim dap ng tan s6 va cho biét day la bd loc loai gi dbi véi mach dién cé
so do cho trén hinh B 11.24.

] R v0
c2:

Hinh B 11.24.

11.25. Tim dap &ng tan s6 va cho biét day la bd loc loai gi d6i v&i mach dién co
so do cho trén hinh B 11.25.

Hinh B 11.25.

11.26. Tim cidp &ng tan s6 va cho biét day la bd loc loai gi d6i véi mach dién cé
so db cho iron hinh B 11.26.
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-IYyvyy

1
Hinh B 11.26.

11.27. Tim dap ng tan s6 ctia mang dién c6 so do cho trén hinh B 11.27.

I, R

Hinh B11.27.
11.28. Tim dién tré 16i vao va thé 16i ra v,, theo thé I6i vao V, clla mang dién c6

so do cho trong hinh B 11.28.

Yyl
L

Hinh B 11.28.

11.29. Tim tr& khang 16i vao va hé s6 khuéch dai ciia mang dién dwgc tao thanh
tr mang hai cong ch* T ¢é so dd cho trong hinh B 11.29.
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11.30. a) Tim tré khang 16i vao va
b) Pap Ung tan s6 clia mang dién duwgc tao thanh tlr mang hai cong chtr T
c6 so do cho trong hinh B 11.30.
c) Dung MATLAB, vé sy thay déi ctia tré khang 16i vao va dap trng tan s6
cla mang dién theo tan so.

3n

30 3n
60

1H

Hinh B 11.30.
11.31. Tim dap ng tan s6 cla mang dién c6 so dd cho trong hinh B 11.31.
Dung MATLAB vé dap trng bién dé va cho biét dé la bd loc loai gi?

! h

Hinh B 11.31.

11.32. Mang dién c6 so do cho trong hinh B 11.32 la mot mach loc théng cao.
Néu R = IOkQ, hay tim gia tri cla tu C dé thé I6i ra giam 6dB so véi tin
hiéu vao tai tan s6 1000Hz. Dung M ATLAB vé dap ng bién dd cula
mach loc dé.

Hinh B 11.32.
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11.33. Mang dién c6 so do cho trong hinh B 11.33 la mét mach loc théng thap.
Néu R = I0kQ, hady tim gia tri clia dién tr& R' dé thé 16i ra giam 100 lan
so v@i thé 16i vao tai tin s6 100Hz. Dung M ATLAB vé dap ing bién do
ctia mach loc dé.

R L R
1> b IYYY\
4000 20H
8iiF
Q >
Hinh B 11.33.

11.34. Tim dién tré 16i vao va dap ng tan s6 clla mang dién c6é so dd cho
trong hinh B 11.34. Dung MATLAB vé dap tng bién dd va cho do la bd
loc loai gi?

-/IYYTV YYYYY

Hinh B 11.34.

11.35. Tim tan sd cat va hé sé suy gidm cla dai chan ctia mach loc théng thap
c6 so do cho trong hinh B 11.35. Dung MATLAB vé dap (rng bién do cla

b0 loc nay.
1, h
i 4

vO

Hinh B 11.35.

11.36. Tim tan sb trung tdm, hé sé suy giam cla dai chan, dai théns va dé phaw
chat cda mach loc théng thap cé so do6 cho trong hinh B 11.36. Duni
MATLAB vé dap ing bién do ctia bd loc nay.
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1H 1H
h

1YYV JTYV 4 p 4
01nF 0.1nF
1000
2H
Q >
Hinh B 11.36.

11.37. a). Tim thé 16i ra clla mach dién trén hinh B 11.37.
b) Tinh cong suit téa ra trén tré tai RL. Cong sudt doé cé phai la cong suat
cwc dai hay khdng? Vi sao?

I,  600n 21400 ilCon jioon  2140Q 12
—————— u/YYYI Y Y YN[ H—
R L L R
2
O —j161000 4830+j265Q  Rj
v
Hinh B 11.37.

11.38. So dd6 mach dién cho trong hinh B 11.38 la m6t mach loc.

b) Tinh tré khang gitra hai diém A va B trong so do theo:
‘ 0
0),= TI=— vax=
v LC w

b) Xac dinh cac gia tri cla tan s6' géc o dé cwong dd dong dién 16i vao |,
cuwc dai va bang khong. Giai thich y nghia vat ly cac két qua do.

c) V& dac irwng bién do 11i | = f(x) va dap tuyén pha O = g(x) va cho nhan
xét vé cac duong dac tuyén do.

Ap dung bang s6 V, = 100V; R = 1000Q; L = 1Hvac = 1JJF.

Ih — I-TYYY IYYY
R L L
Vv,
B
Hinh B 11.38.
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TRA LOI VA HUONG DAN giai

11*1. z = R|(j(oL)/(Ri+jo)L)

H(jco)= vO(jm) = R2 = lciLRi +RiR2
Vi(to) R2+Z jo)L(R! +R2)+RiR?2

(icoL+RiIR2 1% jiD+R] /L
ja)L(R| +R2)RiRo R| +R2 ico + RIR2 /1
RI+R
bay la bd loc thong thap.
11.2. Ham truyén ctia mach loc nay c6 dang:
H(jco) - — -------- — - = R2<jMRIC + 1>

R2 +RI /(1 +jcoR|C) jooR]JR2+RI+R?2
- j“+,/IR'C);V6iRP= R'R*
jco+ 1/R pC
Pay la bd loc thdng cao.

11.3. So do duwoc vé lai nhw trong hinh BG 11.3.

R2
v = VIR Vi ViR 2 Vi(jgq)R2C)
R, +R, 2 R2+2Zc  1+jcoR~AC
1 jcoR2C 11- jcoRNC
vn =V, -V,=V, —V;
2 1+ jcoR"C 2 1+jcor 2C
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1- jcoR2C

Vay He0)=7 1+jcoR7cC

day la bo loc truyén qua (all pass)

11.4. f=8Hz co,j=167ir/s
! j 2000Q
= = _J ;
¢~ joooc
) Vo = zc  _ - j2000 _ yfT
l(jo» = -1- =
vs “ zc+R “ -j2000 + 2000 “ 2
11.5.

°n VLC mqC

R N
Bw= — =100r/s =R =100L =10Q
L

11.6. T biéu thérc clia tan s6 cdt ax = 2/VLC

ip

pat a = -—— = -— va xac dinh dién tré dac trung:
wceC fc
Ri=p2-a2 = -i—-(—
C202 2 Cco
L L?co2
~C 4~
Hay Rc =

Dién tré nay thay déi tr RO =y — khia =0 (®=0tdi 0 khi a = 1(co = @c).

C6 nghia la dién tré dac trung c6 gia tri cuc dai tai a =0, co = 0) va co gia
tri R,,.

Chon Rc * RO =~

va két hop v&i tan s6 cdt coc = 2/V1 C
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Ta tim duwoc:

wce RowC
Thay s6 vao, ta tim dugc:
L =2x50/2000 = 0,05 H;
¢ =2/50x2000 - 1.10'5= 20 |"F
11.7. D€ bién d6i mach loc thdng thap nay thanh mach loc thdng thip khac, ta
dung phép bién doéi dai tan:
0=
auc

& day: QX = 2icfc = 271X100 = 628rad/s

Vay mach loc théng thdp méi cé dap ng tan soé:

(j7-)2+1,414(] = )+ |
628 628

b) Bap ng tan s6 cda hai mach loc cho trén hinh BG 11.7 nhd chuong
trinh MATLAB:

b=[0 0 17;

a=[l 1.414 1j;

b 1=[0 0 628A2];

al=[1628*1.414 628A2];

subplot(211)

w=0:0.01:10;

h=frcqs(b,a,w)

plot(w,abs(h));grid

title("Dap ung tan so cua mach loc thong thap da cho")
xlabelCTan so goc,rad/s")

subplol(212)

\v=logspace(0,2);

hi=frcqs(bl ,al,w);

plot(w,abs(hl));grid

titlc("Dap ung tan so cua mach loc thong thap thiet ke")

xlabcl("Tan so eoc,rad/s")
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Dap ung tan so cua mach loc thong thap da cho

Tan so goc,rad/s
Dap ung tan so cua mach loc thong thap thiet ke

Hinh BG 11.7.
11.8. P& bién d6i mach loc thdong thap nay thanh mach loc théng cao clng tan

s6 cat, ta dung phép bién d6i dai tan: jco => —
jco

Vay mach loc théng cao c¢6 dap trng tan so:

Hc(jco) = - — (17)2
(ji0)2 +1,414(jco) + |

b) BDap &ng tan s6 cla hai mach loc cho trén hinh BG 11.8 nh& chuong
trinh MATLAB:
b=[0 0 1];
a=[l 1.414 1];
bl=[l 00];
al=[l 1.414 1],
w=0:0.01:10;
h=i'reqs(b,a,w)
hl=freqs(bl,al.w);
plot(w,abs(h),'p-',w,abs(hl),'o-");grid
axis([0 2.5 0 1.1])
title("Dap ung tan so cua mach loc thong thap da cho va moi*)
xlabel(Tan so goc,rad/s")
text(0.5,1.01 /Thong thap")
text(2, 1.01,'Thong cao’)
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Dap ung lan so cua mach loc thong thap da cho va moi

Tan so goc.rad/s
Hinh BG 11.8.
11.9. € bién d6i mach loc théng thdp nay thanh mach loc théng dai cing tan

sO' cat, ta dung phép bién déi dai tan: jco => — (jco H----)
JcD
Vay mach loc thdng dai méi cé dap &ng tan so:

HU®)- N2
) (D)4 + 3(j|'o)3(+ g(jco)Z + 3(jitr) +1
b) Bap &ng tan s6 cla hai mach loc cho trén hinh BG 11.9.

Dap ung tan so cua mach loc thong thap da cho va moi

Hinh BG 11.9.
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11.10. D€ bién ddi mach loc thong thiap nay thanh mach loc théng dai cung tan

>

s6 cat, ta dung phép bién déi dai tan: jco => ------- j------

B jco
Vay mach loc chan dai méi c6 dap (ng tan so:
” : (jco)d + 2(jco)2 +1
T(jco) = — 77— T7 71— ———7
(jco) + 3(jo)) + 3(jco) + 3(jco) +1

b) Bap ng tan sb clia hai mach loc cho trén hinh BG 11.10.

Dap ung tan so cua rnach loc thong thap da cho va moi

Hinh BG 11.10.

11.11. D€ bién d6i mach loc thong thdp nay thanh mach loc théng thap voi tan
s6 cat ooc, ta ding phép bién déi dai tan:
X

X = —
Ccoc

Vay mach loc théong thap méi cé dap tng tan so:

H’,(X) = === e = -4 - :
(JL + +JL +n (X+ 100)(X2 + 100x + 104)
100 100 100
b) Déap ng tan s6 cla hai mach loc cho trén hinh BG 11.11.
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Hinh BG 11.11.

11.12. Hai mach loc ghép ndGi tiép nhau thi dap trng tan sé clia hé théng tong thé

240

s& bang tich cac dap ¢ng clia cac hé théng thanh phan. Vi vay, hé théng
m&i c6é dap rng tan so:

H(“ >" 1 tE £ = HT(jco).Hc (jco)

X(jco)
= | (jto)2
(jco)2 +1,414(j(0) + 1 (jco)2 +1,414(jco) + |
(Ifr>)2 (jco)”

[(j0)2+1414jc>) +1f  (J»)4+2.825(j0>)3 + (2 + 1,4142)(I» ) 2 + 2,825(jQ)+1

b) Bap Gng tan s6 clia mach loc théng thap FMJco), thdng cao Hc(jco) va
mach loc théng dai tao thanh dugc vé trén hinh BG 11.12 nh& chwong trinh
MATLAB:

a=[l 1.414 1j;

bI1=[0 0 100j;

al—1 2.828 2+1.414A2 2.828 1];%[1 200 2*10A4 10A6];
b2=[I 00];

a2=[l 1.414 1j;

h=freqs(b,a,w);

hl=freqs(bl,al,W'j;

h2=fregs(b2,a2,w);



plot(w,abs(h),'p-',w,abs(h 1),"'mo-\w,abs(h2)/*r-");grid

axis([0 2.5 0 1.1])

title("Mach loc thong dai tao thanh do thong thap thong cao noi tiep®)
xlabcl(Tan so goc,rad/s’)

text(0.1,1.03,Thong thap")

text(1.6,1.03,"Thong cao")

tcxt(0.85, 0.55,Thong dai')
Mach loc thong dai tao thanh do thong thap thong cao noi tiep

Hinh BG 11.12.

11.13. Hai mach loc ghép néi ti€p nhau thi dap (rng tan s6 clia hé théng téng thé
s& bang tich cac dap tng cla cac hé théng thanh phan. Vi vay, hé théng
ma&i c6 dap ng tan so6:

H(X) =—~" =Ht (x).He (x)
X(x) L
,8.106 2% 2
X2+2828X +4.106 X2+141,4x + 104
16.106x 2
X4+ 2969,4x3 +(4.09% + 6)x2 +59388.104x+ 4.1010

b) Bap ng tan s6 ctia mach loc thdong thap HT(jco), théng cao Hc(j(&) va
mach loc thdng dai tao thanh dwoc vé trén hinh BG 11.13 nhd MATLAB:
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Thiet ke mach loc thong dai cho bai toan 11.13

Thong 6ao
0-0-00-0 0 0 <

_i i i i i T N S ——
500 1000 15002000 25003000 350040004500 6000
Tan so goc.rad/s

11.14. a) Tan sO cat cia HTY(x) la coC| = -V4J06 = 2000rad/s.

Twong tw, tan s6 cét cha H-r™x) 1a 0(2 = y[\0* = 100rad /s .

b) Dé tim dép tng tan s clia mach loc mai, ta vé lai so d6 dwdi dang tan
sO nhw trén hinh BG 11.14a.

HTZx)

Hinh BG 11.14a.
Trong dé X(x) la bién déi Fourier cha tin hiéu 16i vao x(t); con Y(x) la
bién ddi Fourier cta tin hiéu 16i ra y(t).

T so do6 hinh B 11.14b, ta tim dwoc:

Y(x) = HTI(x)X(x) + H|Ax)X(x) = [Ht,(x) + HTAX)]X(x) = H(x)X(x)
Trong doé: H(x) = [HTLx) + H™X)]

la dap ng tan s6 cla mach loc méi. Bap ng nay c6 dang:

Moo —fHTihd + 1y )] — —  8-106 . 2,104  _
X2 +2828X +4.106 X +141,4x + 10
_ 2x4+282,8x3+4.104x2 +5656.104x + 8.1010

(x2 + 2828x + 4.106][x2 +141,4x + 104)
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Pay chinh la mach loc chan dai.

c) V& dap rng tan s6 dwa vao chwong trinh MATLAB:
b1=[0 0 2*10M];

al=[l 141.4 10M];

b2=[2 282.8 4*10A4 56560000 8*10A10];

a2=[l 2969.4 4.099e+6 593880000 4*10A10];

b=[0 0 8*10A6];

a=[| 2828 4*10A6];
w=logspace(0,4,200);%0:0.1:3000;

h=freqs(b,a,w);

hl=freqgs(bl,al,w);

h2=fregs(b2,a2,w);

%subplot(221)
plot(w,abs(h),’mp-',w,abs(hl),'bo-,w,abs(h2),r*-');grid
axis([0 5000 0 2.5])

text(3000,2.03,"Chan dai")

text(1300, 0.23, Thong thap HT2")

text(1000, 2.03,'Thong thap HT1")

tille("'Thiet ke mach loc thong dai cho bai toan 11.14")
xlabel(*Tan so goc,rad/s")

Két qua cho trén hinh BG 11.14b.

Thiet ke mach loc thong dai cho bai toan 11.14
2 1 1 m 1 1 1

Tbong.tbap-tiT.1 s e JChandi .........

Thong thafj HT2

BQ888eefee00qlooo”~t000<i)0O0-€ 0 0 c10—0—-b o0 <

Tan so goc rad/s

Hinh BG 11.14b.

243



11.15. Trudc hét viét dap ng tan so dwdi dang chuén:

H(co) = 1/LC

(jco)7 + —l ({ouy)) H--—l
RC LC

Pay la mach loc thong thép voi tan s6 cat: @c = ==

VLC
Hé s6 khuéch dai tai 0o=0 la: K =1;
PO 1 p
B0 suy gidm cua dai chan: 2a = —C—: —— Q=c0cxRC = RA—
R
A A C A coc 1
b6 rong dai théng: Bw= --- = — 1—
ZhrQ ZNRC

c) Dap ng tan s6 cla mach loc nay véi 3 gia tri khac nhau ciia R nhuw
trén hinh BG 11.15.

Dap ung tan so cua bai toan 11.15

Hinh BG 11.15.
11.16. Pap tng tan s duoc xac dinh bang biéu thirc:
R

Vo(j«>)
V (o) /. \2 R/. \ 1
G> +1~ +LC

H(jio) =
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R6 rang day la dap ing tan s6 cla mdt mach loc théng dai. Dap ng nay
c6 do thi cho trén hinh BG 11.16 véi ba gia tri khac nhau cta R la: 10Q'

50Q va 300Q; con C=7.96e-7~F ; L =\2.13t-AW.

Chuwong trinh MATLAB sau day dung dé vé dap (ng bién do va pha cua

mach dién nay.

R=[10 50 300];

C=7.96e-7 ;L = 12.73e-4;
w=logspace(3,6,200);

f=w./2*pi;
H1=R(1)./(R(1)+j*(L*w—1,/(C*W)));
H2=R(2)./(R(2)+j*(L*w—t./(C*W))); m
H3=R(3)./(R(3)+j*(L*w-1./(C*w)));
semilogx(f,abs(H 1),-0",f,abs(H2),-p’,f,abs(H3),"-*");grid
legend( R=10","R=50","R=300")

title("Dap ung tan so cua mach hinh Bl 1.16")
xlabel(*Tan so Hz")

ylabel(*Gia tri")

Dap ung tan so cua mach hinh B11.16

Ga tri

Hinh BG 11.16.
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11.17. Ta vé& so d6 mach didén trén Iinh vic tan sé nhu trong hinh BG 11.17a.
t R HXc

Hinh BG 11.17a.
T So dé hinh BG 11.17a, ta tim duwoc thé 10i ra:
VO = ------ — - (JXL)
R+jXL-jXc

Trong d6: XL=colL; Xc = ——
coC

Tl d6, ta tim dugc dap (ng tan so ctia mach dién:

oC

H9") =Y ifj) = w+j(ioL_J
t

Hay: H(jco) = -

)2+ I:O “)+ Tc

bay la dap &ng tan s6 ctia mach loc théng cao.

b) V& dap &ng bién dd6 nho M ATLAB v&i chwong trinh:
R=[10 100 1000];

C=7.96e-7 ;L=12.73e-4;

w=logspace(0,8,100);

f=w./2*pi;

Hi=j*L.*w./(R(1)+j*(L*w-1./(C*w)»;
H2=j*L.*w./(R(2)+j*(L*w-1./(C*w)));
H3=j*L.*w./(R(3)+j*(L*w-1./(C*w)));
semilogx(f,abs(H 1),"-o",f,abs(H2),"-p",f,abs(H3),

grid

legend("R= 10',"R=100","R= 1000");

title("Dap ung tan so cua mach loc thong cao hinh Bl 1.17")
xlabel(Tan so Hz'")

ylabel('Gia tri")

K&t qua cho trén hinh BG 11.17hb.
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Dap ung tan so cua mach loc thong cao hinh B11.17

Tan so Hz

Hinh BG 11.17b.

11.18. Ta vé so d6 mach dién trén Iinh vyc tan s6 nhu trong hinh BG 11.18a.

Hinh BG 11.18a.

T Sodd hinh BG 11.18a, ta tim duwoc thé 10i ra:
'
Vn = H X C)
R+jXL-jXc

Trong d6: XL=colL; XC=
(oC
T d6, ta tim dugc dap &ng tan s6 cla mach dién:

1
i J
Vo(jco) = coC

vig“) R+j(OL--i-)
(uc
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1

Hay: H(jco) = --------=-mmmmmmme —

(jeco)2 + — (jco) + —
L LC

bay la dap ng tan s6 ctia mach loc théng thap.

b) V& dap &ng bién dé nhd M ATLAB v&i chwong trinh:
R=[10 100 1000];

C=le-7 ;L = 12.73e-";

w=logspace(0,8,100);

f=w./2*pi;

H1=(-j./(C*w))./(R(1)+j*(L*w-1./(C*wW)));

H2=(-j./(C*w))./(R(2)+i*(L*w-1./(C *w)));

H3=(-j./(C*w))./(R(3)+j*(L*w-1./(C*W)));

semilogx(f,abs(HI),"-o",f,abs(H2),"-p",f,abs(H3),

grid

legend(*R=10",'R=100"','R=1000");

title("Dap ung tan so cua mach loc thong thap hinh B1 1.18")

xlabel(*Tan so Hz")

ylabel('Gia tri")

K&t qua cho trén hinh BG 11.18b.
Dap ung tan so cua mach loc thong thap hinh B11.13

Hinh BG 11.18b.
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11.19. Bap tng tan s6 clia mach loc théng dai nay tim duoc:

H(co) = v O(jco) R
vijw) R+j«»L--i-)
coC
Hay: H(jco) = (jeo)RC
(jco)2 + R (jc-oi(H —l
L LC

Tai tan s6 trung tam, ta co:
jXL=JcogL =—Xc=J10i1
Tir d6 tim dwoc tan sé od la:

= = r = 50000rad/s
L 0,2xicr3

va =t = - =2.10-6F =2ur
WgxIO  5.104 X10

Bién do thé trén R:

120
Vg= Rl,= Rx— =120v
R
Bién do thé trén tu C:
Vco="10= ——-T1-—--- r x"pr =looov
co0C 510 x2.10— 2
Bién do thé trén cudn cam L:
VLO =coOL10 =5.10 X2.10 x— -= 1000V

12

o N WL 5.1(Tx2.1(r4 100
bd pham chat: Q -—"— = = — -=28,333
R 1,2 12

11.20. Ta vé hinh trén Iinh vuc tan s6 nhw trén hinh BG 11,20a.
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T hinh BG 11.20a, ta tim dwoc thé 16i ra:

v = E H X ¢)(XL) EX, x ¢
p | (-iXc)(jXL)* jXL-jXc XLXc-jR(XL-Xc)
iXL-jXc

Tl d6 tim dugc dap ng tan so:

XLXC

H(jco) =
XLXc-jR(XL-Xc)
Thay XL = (&L; Xc = —— vao ta thu duoc:
G)C
H(jco) =
cd — +jR(U)L— ~) ~ +jR(coL-— )
coC coC c coC
- - — — (jco)
Hay: =

— . . T ] o |
c_+ R(jcoL +ch) (jco)2 _RE(JH>)+T(_2
Pay la mach loc théng dai.

Hinh BG 11.20b du6i day cho thdy dap &ng bién dd va dap (ng pha cla
mach nay vé6i R = 10 Q; ¢c= 1(JF va L = 0,002 H, nho chwong trinh
MATLAB:

R=[10 100 1000];

C=le-6 ;L =0.002;

w=logspace(0,8,100);

f=w./2*pi;
HI=(-(G*w)/(R(1)*C))./((*w)-A2-(j*w)./(R(1)*C)+1/(C*L));
H2=(-(j*w)/(R(2)*C))./((j*w).A2-(j*W)./(R(2) }:C)+I/(C*L));
H3=(-(j*w)/(R(3)*C))./((j*wW).A2-(j*wW)./(R(3)*C)+I/(C*L));
semilogx(f,abs(HI),'-0',f,abs(H2),"-p",f,abs(H3),

grid

Tegend('‘R=10",'R=100","R=1000");

titleCDap ung tan so cua mach loc thong dai hinh Bl 1.20")
xlabeK'Tan so Hz")

ylabel(*Gia tri”)
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Ga tri

Tan so Hz
Hinh BG 11.20b.
11.21. Truéc hét, ta biéu dién mach dién trén Iinh vuc tan s& nhu trén hinh BG

I1-21a
-jXc

Hinh BG 11.21a.

Tlr s do6 hinh BG 11.2la, ta tim duoc:

a) Tong tr& z = Ro +jcolL +— j-
jo)R|C

b) Hiéu dién thé phirc gitra A va B:

Vo=Y(R2+j“L)
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c) Bap tng tan s6 ctia mach dién nay:

"r2 . 1
(c0)2 + i Rz
i L L R|C )
HGco) = VO0G) - |
Vi(j R o ) i
i(jco) me + R2 1 LR +—R]JA
i L RIC RiLC

Ta dung MATLAB vé dap &ng bién dé clia mach dién nay v&i cac gia tri
khac nhau ctia tu C la: 1J0F; 0,1j.Fva 0,01|iF; L =0,1H; R, =10kQ; R2=10Q,
nho chwong trinh MATLAB sau day:

C=[10e-6 10e-7 10e-8];;L=.1;

R1 =10000; R2=10;%[300 500 10A3];

w=logspace(2,5,500);

f=w./2*pi;,

bl=[l (R2/L+ 1/(R1*C(1))) R2/(R1*L*C(1))];

al=[I (R2/L)+1/(R1*C(1)) (R1+R2)/(R1*L*C(1))];

b2=[l (R2/L+ 1/(R1*C(2))) R2/(R1*L*C(2))];

a2=[l (R2/L)+ 1/(R1*C(2)) (R1+R2)/(R1*L*C(2))];

b3=[l (R2/L+1/(R1*C(3))) R2/(R1*L*C(3))];

a3=[l (R2/L)+ 1/(R1*C(3)) (R1+R2)/(RI*L*C(3))];

hl=freqs(bl,al,f);

h2=freqs(b2,a2,f);

h3=freqs(b3,a3,f);

%axis([10 9*10A4 0 17])
semilogx(f,abs(hl),"-o",f,abs(h2),'-p",f,abs(h3),"-*");grid

title("Dap ung bien do cua mach dien hinh 11.21 voi C thay doi")
xlabel(*Tan so, Hz")

ylabei(’Bien do")

legend(’'C= 10e-6','C=10e-7’, 'C=10e-8");

K&t qua cho trén hinh BG 11.21b. T hinh vé ta thdy tu dién C khong
nhirng lam thay d6i tan s6 cdng hwdng cla mach dién ma con lam thay
dGi ca dai théng ctia mach dién do nira.



Hinh BG 11.21b.

11.22. Mach dién nay c6 tré khang tai ZL gbm tu C mac song song véi dién ti&
R, nén ta tinh dugc:

100(-1000/(¢) _ 103

®
Ham truyén bang thé 138i ra chia cho thé 16i vao:
p|(Jrc'O) _vo(*)_ ZL _ T 193
V, (jco) ZL+jt6 10 +jl0co(10 + co)
100 100
I-1(jco)=--------— ————- y= —

100 + jl0co-(D (jcof+10jo) + 100

Pay la dap (rng tan s6 ctia mach loc théng thap cé tan sé cat Oc = 10rad/s.
Dung chuwong trinh MATLAB sau day dé vé dap tng bién do:
w=logspace(0,3,200);

H=100./((j.*w).A2+10*j*w+100);

semilogx(w,20*logl0(abs(H)));grid

title("Dap ung bien do cua mach loc hinh 11.22 %)

ylabel(’Bicn do, dB’)

xlabel(\omega(rad/s)")

Két qua cho trén hinh BG 11.22b.
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Hinh BG 11.22b.

11.23. Bap &ng tan s6 cta mach dién nay tim dwoc:

H(jco) = LC

Gco) + R ey H 2
L LC

Pay la dap tng tan sé ctia mach loc théng thap, vGi tan s cat:

cor = 7=1— =;L = =12mH
c Vic (U’lC
tr d6 tinh duoc:
= 500]aF
106 X2.10"3
1
Bw = 10rad/s
RC
Of

Q=— :]00
B.

Tai tan sd' nay, thé 16i ra trén tu bang OV.

11.24. Ta phan tich mang nay nhv mét mang hai cong dau cudi véi tré khang ta
R va ngudn thé 16i vao c6 tré khang z =0.
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Mang hai céng nay cé ma tran truyén:

c2l/c, 1
LC 2jco+1 jcoC]
jcoC2

L C 2jto +1

Ap dung céng thirc di véi mang dau cudi nay, ta tim duoc ty s thé 16i
trén 16i vao:

Vo ZL

Vi (A +Czj)ZL + B + DzZj

¢ day z =0; Z| =R, nén ta tim dugc dap trng tan so:

Vo R
=N =
l+:--2/C|7)R +
( LC%jG)+|I') jcoC|

(jco)2RLCIiC 9 +(jco)RC]|

(jco)2RLC|C2 +(jco)(RC| +RC2)
bav la b loc thdng cao véi dap ing tan s6 cho trén hinh BG 11.24.

Dap ung tan so cua mach dien hinh 11 24

Tan so.Hz

Hinh BG 11.24.
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11.25. Pay la indt mang hai cng dau cudi véi tre khang tdi R va ngudn thé 16i
vao Vj co tréd khang Z|= 0.

Mang hai cdng nay c6 ma tran truyén:
Lj©

jcoLC +1
0 1

T =

Ap dung cong thirc d6i véi mang dau cubi nay, ta tim dwoc ty s6 thé 16i ra
trén 16i vao:

Vo _ ZL

Vi (A +Czj)ZL + B + Dzj

6-day z1=0; ZL=R, nén ta tim dwoc dap (*ng tan ss:

H(ji0)=— =-———-- R , j<aR(LC +1)_
V, R | jecolL jtoL(RC +1) +R
jcoLC +1

B6 loc nay la bd loc thong thap c6é dap tng tan s6 dugc vé trén hinh
BG 11.25.

Dap ung tan so cua mach dien hinh 11.25

Hinh BG 11.25.
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11.26. Bay la mot mang hai c6ng dau cudi véi trd khang tai R va ngudn thé 16
vao Vj co uo khang Zj = 0.
Mang hai c6ng nay c6 ma tran truyén:

1 jeolL

1+

T _jXc2 jt>LC| +1
1 o1
- jnC2
« - _ 1+jcoC2 JOU_L
V&ixXe2 = ,nen: T = j(oLCi +1
coC’ -
jelrC2 1

Ap dung cong thirc d6i voi mang dau cubi nay, ta tim duogc ty so' thé I6i ra
trén 16i vao:

Vo ZL

V, (A+Czj)ZL+ B + DZj

& day z, =0; ZL=R, nén ta tim dwoc dap &ng tan so:

vO R
H(jo>)=7T = - m — - — =
v' (@+jo)LC2)R +T~r~r—~
jcoLC, +1

jcoR(LCI +1)
jcoL +RijcoLCj +1)(jcoLC2 +1)

jcaR(LCi +1)

(jco)2RL2CiC 2 +(jco)L(RCj +RC2 +1) +K

(LCi +T)

Loe,c2
(jco)§+Ej-co)X(RC|+rCZ+l)+' 1

RLC,C2 L2CrG2

Bo loc nay la bd loc théng thip: BDap ng tan sb cho trén hinh BG 11.26,
nhd chuong trinh MATLAB:

syms w H;

Cl=0.1e-6; C2=le-6; L=2e-3; R=100;
A=l+(j*w*C2)i

B=(*w*L)/(j*W *L*C1+1);
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ZL=R;

H=ZL./(A.*ZL+B)

pretty(H)

w=logspace(0,8,100);

f=w./2*pi;

H =100./(100+1./10000*i*w+1./500*i*w./(1./5000000000*i*w+1));
semilogx(f,abs(H));grid

title("Dap ung tan so cua mach dien hinh 11.26%)

xlabel(*Tan so.Hz")

Dap ling tan so cua mach dien hinh 11.26

Hinh BG 11.26.

11.27. Gia st 18i vao néi v&i ngudn thé cé thé Vi, dién tré ndi bang khong, thi
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so do trén twong dwong nhr mang hai cong mét tré khang, gom dién tro
R, ghép song song v&i tu dién C; 16i ra ndi voi tai co6 tré khang ZL gom
cudn cadm L noi ti€p voi dién tré R2 Nhu vay, ta cd thé coi day la mang
dau cubi c6 ma tran truyén la:

Z
T =
1
Véi: ;= Ri(=jXe) o =
R.-jXc coC

Tr& tai cila mang dién la: ZL=R2+j(oL



Tir d6 tim dwoc dap (ng tan so:
. Yo ZL
V| (H1 +H2iZi)(ZL+Hi2 + H22Z]j)
Trong do Z; = 0. Vay:

- N
V, H,(Z1+HI2)
Thay ZL va Hn, H,2 vao biéu thirc trén ta tim dwoc biéu thic twong minh
cla dap &ng tan so:
/X (w)2+Gee) R2 1 1 ro
(R2 + jeoLXjcoCR, +1) 1L 'RiC RILC
(R? +jfDLiYjcoCRI +1) + R| 2 'r2 1 R| +Rt
v 2 A 1 1 (j<0)2 +(jco)
bay la dap &ng tan s6 cla mach loc théng cao.
béap ng tan s6 dugc vé trén hinh BG 11.27 nho chuong trinh MATLAB:

Dap ung tan so cua mang dien 2 cong hinh B11.27

Hinh BG 11.27.
R1=10;R2=10A2;
C=30e-6;
L=2;
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w=logspace(0,10)
f=w/(2*pi)

H=((j*w).A2+j*w*(R2/L+1/(RI*C)+R2/(RI*L*Q)))./ ((j9w).A2+j*w*(R2/

L+ 1/(R1*C)+(R 1+R2)/(R1*L*C)));
semilogx(w,abs(H));grid

title("Dap ung tan so cua mang dien 2 cong hinh B11.27")

xlabel(*Tan so, rad/s")
ylabel(*Gia tri")

11.28. Ta c6 thé coi mang dién dwgc tao thanh tlr mot mang 2 céng chir T véi
I6i ra mac voi tré tai 1a tu dién Q. B&i v&i cau chir T, ta c6 ma tran trd

khang la:
Z] +z3 z3
Z =
z3 Z2+23
Trong trwdng hop nay:
Zi =R; z2=jitrL va z3= - .
jtuCj
Tlr d6 ta tim dugc tré khang 16i vao:
212721

Zin —z, 1
z22 + "L

Trong d6: Z|1=2z, +Z =R + —
jcoCj
v 3- . -
IP-Z0\—273- .
z jtoC, ’

D79+ 23~ jOL + .
227 1B g

: 1
~j(ec2

T détim duoc z in

R(jim)3+W T +g(C~C2)(co)+ " _

Ci LCiC2
Zin =

(im)3
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Bay gid tim thé 16i ra bang cach ap dung cdng thic:

Vo Z21™NL _
Vi (zM+2Z;)(z22 +ZL) -z 12z 2i

-s V = jo)C| jcdC2 . Y
0 1 : 1 1 1

(R jioC,)(jtoL+jcoCj jcoC2) (jcoCj)2

- ——————— —_— V’:

C| (RC|jitr + I)[(jco)2LC |C 2 +jco(C] +C2)]-C 2

Cc
(jco)3RLCfC 2 +(jco)2[R,(CLl+C2)+LC,C2]+jcoCQ +Cc2)]- "

Dap ng tan s6 va dién tré 16i vao chia mach dién nay cho trén hinh
BG 11.28. bay la mach loc thong thap ly twéng. Chwong trinh MATLAB
sau day thuc hién Iénh vé:

Dap ung tan so cua mach dien hinh 11.28

Tan so.Hz

Tan so Hz
Hinh BG 11.28.

w=logspace(0,6,100);
f=w./2*pi;
Zin=i00-10000000*i./w+100000000000000./w.A2./(1./500*1*w -
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11000000*i./w);
H=-10000000000000./w.A2./((100-10000000%*i./w).*(1./500*i*w-
11000000*i./w)+100000000000000./W . A2);

subplot(211)

semilogx(f,abs(H));grid

title("Dap ung tan so cua mach dien hinh 11.28")
xlabeK'Tan so.Hz")

subplot(212)

semilogx(f,abs(Zin));grid

titleCDien tro loi vao cua mach dien hinh 11.28")
xlabel(*Tan so.Hz")

11.29. Trwdc tién, ta dung phép chuyén déi mang tam giac thanh mang hinh sao
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nhom ba dién tré 3Q, ta sé& duoc so d6 hinh BG 11.29a.

Hinh BG 11.29a.
Ta OO thé coi mang dién duoc tao thanh tir mot mang 2 c6ng chi* T véi I6i
ra méc vGi trd tai gdm dién tré 6Q méac song song vGi tu 1F. Ngudn thé
16i vao Vj c6 dién tré ndi Zj = 0.
Bo6i véi cau chr T, ta c6 ma tran tré khang la:
—_ ZI +z3 z3
z2+2z3

z

Trong tredng hop nay:
Zl =1+ — ;z2=1vaz = I+j0
i®
Tr& khang 16i vao ciia mach dién nay dwoc xac dinh theo céno thirc:
Z12z2l

722 +

Z>—21



Trong d6: zit=2z, +z3=2 +jco +—
j®
Z12 = n21 = = 1wWji® i

Z2=27j+z,=2 +jco
6(—)

Z- 6+ t Tej@+1
jll
Tl d6 tim duQc Znp
n 1 @+ je)l + jeo)
zin=2+J®+— A

2+ jco+ —
6jco + |

7 _ [(jco)2 + 2{Q+ 1][(2 + jcu)(Bjcu +1) + 6] - jeu(l + jco)2(14-j6co)
"in jco[(2 + jewr)(6jco +1) + 6]
b) Bay gi¢ tim hé s6 khuéch dai:

Vo z2|Z |
Vj (zn +zj)(z22+ZL)-z,2z21

Trong trevong hgp nay, zj= 0, nén:
Vo zZ2inL
Vi (zIDh(z2+7~1)_z12z22

Thay gia tri vao, ta tim dwgc ham truyén:

6j(0 +1

H(jo» = =

[ 2+ jeu+ - (2 + jco + -)-(l +jco)2
(2+] n))( i 6j(0+1)( jco)

Pap (ng tan s6 va doé dan dién cha mach loc nay duoc biéu thi trén hinh
BG 11.29b, nh¢ chuong trinh MATLAB:

syins w 11;

zZl l=2+j*w+1/(j*w);

z12=1+j*w;

z21=1zI12;

222=2+j*w;
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ZL=6/(6*j*w+1);
Zin=zIl-(z12*z21)./(z22+ZL)
pretty(Zin)

H=z21*ZL./(zl 1*(z22+2ZL)-z12*z21)

pretty(H)

w=logspace(0,2,100);

f=w./2*pi;

Zin =2+W*i-i./w-( 1+W*i).A2./(2+W*i+6./(6*i*w+1));

H =6*(I+W*iE/(6*i*W+1)./((2+W*i-i./w).*(2+W*i+6./(6*i*w+1))-
(I+w*i).A2);

subplot(211)

semilogx(f,abs(H));grid

title("Dap ung tan so cua mach dien hinh 11.29°)
xlabel("Tan so.Hz")

subplot(212)

semilogx(f,abs(zZin));grid

title("Dap ung tan so cua mach dien hinh 11.29%)

xlabel(*Tan so.Hz")

Tan so Hz
Dien tro loi vao cua mach dien hinh 11.29

Hinh BG 11.29b.
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11.30. Trwéc tién, ta dung phép chuyén déi mang tam giac thanh mang hinh sao
nhém ba dién tré 3Q, ta sé dwoc so dd hinh BG 11.30a.

Ta c6 thé coi mang dién duogc tao thanh tir mét mang 2 cong chir T véi 16i
ra mac voi trd tai 1a dién trd 6Q.
D46 voi cau chir T, ta c6 ma tran tré khang la:

z, +2z3 73

Z =
*3 z2+23

Trong trwdng hop nay:
1
z, =1+ — ;Zj=1lvaz, = I+jco
T d6 ta tim duwoc tré khang 16i vao:
7127221

Zin —zI1
122 + Z,

1
Trong d6: Z|l=2z, + =2+jD+— ;
®

Z2 ="l = /8= rmie>
Z2= +123=2+jco; ZL=6
T dOtim dwoc Zin

Zin=24 ](0 41 o+ i )(htjc)
jco 2+jo)+6

(2 + jco+ — )8+ jco)-(l + jco)2 2
jco 8(jco) + 16(jco) + 8
8 + jco (jco) +8(jco)
b)Bay gio tim hé s&' khuéch dai:
Vo Z21™NL
Vj (zn +zi)(z22+2ZL)-z12z2
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Trong trudng hep nay, zj= 0.

Thay gia tri vao, ta tim duwoc:

v( _ (I+ja>)6 6(jco) + 6

Vi (2 +jir+— )2 +jco+6)- (1 +jco)2  (joi)2 + 8(jco) + 16
jco

c) V& dap tng tan s6 dung M ATLAB v6i chuong trinh:

b=[8 16 8];

a=[1 80];

b1—0 6 6];

al=[l 8 16];

w=logspace(0,4)

f=w/(2*pi)

h=freqs(b,a,f);

hl=freqs(bl,al,f);

semilogx(f,abs(h 1));grid

title('Dap ung tan so cua mang dien hinh B1 1.30%)

xlabel('Tan so, Hz")

ylabci(‘Bien do")

K&t qua cho trén hinh BG 11.30b.
Dap ung tan so cua mang dien hinh B11.30

Hinh BG 11.30b.

11.31. Mang dién nay duwoc tao thanh bdi hai mang hai céng chi* L (RC) ghép
ndi ti€p nhau. Nguodn thé 16i vao Vi c6 tré khang ndéi z = 0. LOi ra lay
irén tré tai Z|. Vay mang hai céng noi ti€ép cé ma tran truyén: T =T,xT2
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1+jcoRC R
Trong dé: T, =T2=
jcoC 1

. 1+ jcoRC R 1+jcoRC R
Vay: T = %
jcoC 1 jwC 1

(I +jcoRC) +jcoRC R(l +jcoRC)+R

jo)C(l + jcoRC) + jcoC | + jcoRC
Tl do, ta tim duwoc dap ing tan s6 cla mang dién dau cubi véi trd tai RL:

H -V - [ooe.

Vi (A+CZj)ZL + B+ DZj

Trong bai toan cla ta, Zj =0; ZL=RL, nén:

H=_ = R
Vi AZi1+B

Véi: A = (1 +jcoRC)2+ jcoRC

B = R(1 4jcoRC) +R
Do vay: H(jco) = R1

[(1 +jcoRC)2 +jcORCAL "m +R

bap wng tan s6 dugc vé trén hinh BG 11.31 voi R = 100Q; C = 0,1|iF
va trd tdi R1 = |kQ. RO rang, day la b6 loc thong thidp dwoc tao thanh

tir hai méat loc RC.

Dap ung tan so cua mach dien hinh 11 31

Hinh BG 11.31.
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11.32. T hinh vé ta tim duoc:
Vo R jcoRC
A R + 1 JcoRC +1
jcoC
Tw d6 tinh duoc bién do:

Vn cdR C
Vi
V(coRC)2 +1
Vi
Vay: 20log,, = 20109g,0(coRC) - 10logjo [(toRC)2 + 1]=-6
V:

Thay R = 10000Q; (D= 2TixIOOO va gidi ra theo C, ta tim dwgc C =0,09p.F.
Hinh BG 11.32 vé dap &ng bién ddé ciia mach loc nay.

Dap ung tan so cua mach dien hinh 11.32

Hinh BG 11.32.
11.33. Tw hinh vé ta tim duoc:
1
vo _  jti)C | . 1

Vj - R'+R +jcoL —jtaC(R +R'+jcol) _ (jo>2LC +jcC(R +R")
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Tw d6 tinh duoc bién do:

Vfo~rLc)2 + aC2(R + R'V

Thay R =400Q; co=2nx 100 C = 8.10"F ; L = 20H va giai ra theo R, ta tim
duwoc R = 175,5kQ. Hinh BG 11.33 vé dap trng bién dd clia mach loc nay.

Dap ung tan so cua mach dien hinh 11.33

Bien do

o 102

Tan so,Hz

Hinh BG 11.33.
11.34. Ta c6 thé coi mang dién dwoc tao thanh tr mot mang 2 céng chir T voi
I6i ra m&c voi trd tai R. Ngudn thé I6i vao co tré khang zj = 0.
Do6i voi cau chir T, ta c6 ma tran tré khang la:
Zj+2723 z3

Z3 Z2 + 73

zZ =

Trong truwdng hop nay:

Z =jcolL; Z =jtrLvaz, = ——
jioc

Tr& khang 16i vao clia mach dién nay dugc xac dinh theo céng thic:
z12z 21

22 + 71

Zin —z, |

269



Trong d6: zu = Z] +z, =jtoL+ ------

Z12- ™A - ZI jool >

z22=72+7z, =jcoL + — —
jcoC
Z1=R
Tw d6 tim duwoc Zj,,:

1 (jcoC)2

c R +jiaL+-~-

jfI>c
= jtwl NRN - 1
jcoC  RC (co) +LC () +C(jiu)
(jco)2LC +1 I
jcoC R C 2(jco)2 + L C 2(jco)3 +C(jco)

z = [LC(j(t)2 +I][LC(j(0)2 + RC(jg>) +1] -1
[RC2(jco)2 + L C 2(jco)3 + jcoC]

Tim dap (rng tan sd' bang cach ap dung coéng thikc:

VO _ z21™L

Vi ZIf +Zj)(z22+ZL)-Zi2z2|
V6i Zj =0; ZL=R, nén:

H=— = z21n

Vj (21 1)(z2 +R) - z12z21

Dung MATLAB dé tinh hé thirc nay nho chwrong trinh:

R
HO®° > - — T oo jmC, . T
(jcoL + ——)[(jco)L + — - +R] -
jwC.......... jcoC mJ (jcoC)2
jcoRC

" [(jCO)2LC + I][(j(U’)ZLC +jcoRC +1] -1
Déap ng tan s6 va dién tré 16i vao ciia mach dién nay cho trén hinh BG
11.34b. Pay la mach loc théng thdp. Chuwong trinh MATLAB sau day
thwc hién tinh toan va vé véi L =2mH; C =0,1nFvaR = 1Q:
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Dap ung tan so cua mach dien hinh 11 34

Tan so Hz

Hinh BG 11.34a.

syms w H;

c=0.le-6; L=2e-3;R=1;
zlI=j*w*L+1/(j*w*C);
z12=1/(j*w*C);

z21=1z12;

z22=z11;

ZL=R;

Zin=zl 1-(z12*z21)./(222+ZL)
pretty(Zin)
H=z21*7ZL./(z11*(z22+ZL)-z12*7221)
pretty(H)

w=logspace(0,6,100);

f=w./2*pi;

Zin  =1./500*i*w -10000000%*i./w+100000000000000./w.A2./( 1./500
10000000*i./w+100);

n=-1000000000%i./w./((1/500*i*w-10000000*i./w).a1./500*1*w -
10000000*1./w+100)+100000000000000./W. A2);

subplot(211)



semilogx(f,abs(H));grid

title('Dap ung tan so ttia mach dien hinh 11.34")

xlabel(*Tan so.Hz")

subplot(212)

semilogx(f,abs(zZin));grid

title("Dien tro loi vao cua mach dien hinh 11.34")

xlabel("Tan so.Hz")

Diéu dac biét la dap ng tan s6 cla mang dién nay phu thudc rat nhiéu
vao tré tai. Hinh BG 11.34b cho thay dang ctia dap rng tan sé voéi 3 gia tri
khac nhau clla tré tdi R: 1 100 va 10000Q.

Dap ung tan so phu thuoc tro tai cua mach dien hinh 11.34
1.6
*— R=1
1.4 -e— R=100
+— R=200

12

0.8
0.6
0.4

0.2

Hinh BG 11.34b.

11.35. Mach dién nay c6 dap &ng tan so:
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R2C?2

Pay la mdt mach loc thong thap co tan sé6 cat: (0C =



Hé sb suy gidm: 2a =
RC

Hinh BG 11.35 vé dap &ng tan so nay.

Hinh BG 11.35.

11.36. Pay la mang 2 céng chir T dau cudi, 16i ra mac vai trd tai la dién tré 6Q,
I6i vao la ngudn thé cé dién tréd ndi Z; = 0.
Da6i voi cau chir T, ta c6 ma tran tréd khang la:
Zj +z 3 73
Z =
73 z2+23
Trong trwdng hop nay:
. 1
z, =z2=jco+
jcol O
z, = jco2
Tl do6 ta tim duwgc dap (ng tan so:
vn 221~
Vj (zn +zi)(z2+ZL)-2z1222]

Trong truong hop nay, z| = o.
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H A — z21MN1
Vi (z1)(z22+ Z1)- z12z21

Trong do:

z,, =2z, +23=jco3 + -
jcolO

1
2 =17j + Zj =jco3 +
jeolO
ZL= 100
Thay gia tri vao, ta tim dwoc:
(jo>)200
\-6
(Bjco+— )(Bjco+—  +100) - 4(jco)2
jco jco
Hinh BG 11.36a vé dap (ng tan s6 cua mach loc nay. T do thi ta thdy co
hai dinh cdng huwdng nhon phan biét nhau. Khi tang trd tai thi cac dinh
cong hudng nay nhap vao nhau thanh mot chi con moét duong cong cong
huwéng nhu trén hinh BG 11.36b.

Dap ung tan so cua mach dien hinh 11.36

Hinh BG 11.36a.



Dap ung tan so cua mach dien hinh 11.36 voi tro tai khac nhau

Tan so.Hz
Hinh BG 11.36b.
11.37. Pay la mang 2 ¢éng chi¥ T dau cudi, 16i ra mac voi tré tai la dién trd RL,
16i vao la ngudn thé cé dién tré ndi Z; = 6000Q.

Da6i voi cau chir T, ta c6 ma tran tré khang la:

Trong trwdng hop nay:
z, =z2=R+jXL=2140+jl00Q;
Z, = 4Xc=-16100Q

Tl d6 ta tim dwoc ty sO gilra thé 16i ra va thé 16i vao:

Vi (z|l +Z))(z2+2ZL)-2]2z21
Trong truong hop nay, z;= R, va:
ZM=z, + 2z, = R+ jXL- jXc= 2140 + j100 - j16 100 = 2140-jl16000Q;
Z, =-jXc=-jl6100Q;
72=722+23=R +jXL-jXc=2140—416000Q
z, =4830+j2650Q

275



Thay gié tri vao, dung MATLABIInh ra, ta dugc:

~  =0.4931 -0.0571i =0,52-6,6°
Vi

T d6 tim duoc thé 16i ra:

v, =0,5Z2-6,6°V

Thé 16i ra bang mot nlra thé 16i vao.

b) C6Ag suét tda ra trén tai:

p= J?J/’O\|12 cos(-6.6) =5.1339e-005W =51,34nW
Ir 1|
c) P& cobng suat toa ra trén tai dat gia tri cwc dai thi trd tai phai co gia tri
bang tré khang 18i vao chia mach dién. Vi tré tai c6 gia tri phirc, nén né
phai bang lién hop phtc cha tré khang 16i vao cia mach dién. Tr& 16i vao
cla mach dién Zintinh dwgc nho cong thirc:
zZin=zl1-(z12*z21)./(z22+ZL)

Dung MATLARB tinh ra, ta dugc:

z in= 8.2402e+003 -2.2287e+0031 = 8.536,22-15,13°n

Tl day ta thdy tré khang tai cé gia tri khac xa gia tri cha tré khang tai,
nén day khéng phai la céng suat cuc dai.

11.38. Tw hinh v&, ta tinh ngay dugc tré khang gitra hai diém A va B:

276

I ool + L

jcoC 1 LT 1
— —+j®L +—
jcoC jcoC

z = R-j(GOL +-mmem 227 22

b)Tlr day ta thay ring dé cudong do dong dién |, bang khong thi Z = Mva
dé dong |, cuc dai thi Z = 0 hodc ¢ gia tri nhd nhat.

* Dong dién cyc dai khi: x=Ilvax=V3=>1| = —

* Dong dién cuwc cuc tiéu khi: x =0vax = yfi =>z =Wvay I, =0.



c) bap tuyén bién dd va pha ctia dong dién I, cho trén hinh BG 11.38 nho
chwong trinh MATLAB:

R=1000; V1=100;L=1; C=le-8§;

w=logspace(0,6,10000);

wO=I/sqrt(L*C);

X=w/wO0; -

Z=R-j*L*wO .*(I-x.A2).*(3-x.A2)./(X.*(2-X.A2));

11=V1./Z;

subplot(211); semilogx(x,abs(ll));grid

axisdS+10~1 30 0.11])

title("Bien do cua dong dien loi vao Il cua mach dien hinh 11.38")
xlabel(*Tan so cuan hoa x');ylabel(*Gia tri, A")

subplot(212); semilogx(x,angle(11)*180/pi);grid

axis([5*10*-1 3-100 100])

title("Pha cua dong dien loi vao Il cua mach dien hinh 11.387)

xlabel(*Tan so cuan hoa x'); ylabel(*Goc pha, do")

Bien do cua dong dien loi vao 11 cua mach dien hinh 11.38

Pha cua dong dien loi vao 11 cua mach dien hinh 11.38

Hinh BG 11.38.
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