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1.1.

1.2,

1.3.

1.4.

1.5.

Chuong 1
CAC TIN HIEU CO SO

BE BAI
Tinh gid tri clia céc biéu thifc sau day:
o0
a) 3t*8(t-1) b) [t8(t-3) c) 25(1-2)
-
Tim tin hiéu 16i ra y(t) trong so dé hinh B 1.2:

X(t) = e”'cos(t) y(t)

11
2 d(t-3n)
n=0

Hinh B 1.2.

Tinh gi4 tri cdc ham sau:
a) sintd(t—— ): b) cos2t8(t—— )
6 : 4
A 400
) coszt8(t—5 ): d) jtze“a(l —2)dt
—0

Hay bi€u thi séng vuéng géc nhu trén hinh B 1.4 dudi dang khai trién cta
céc xung nhay bac don vi.

A f)
e

1
| ;

0 TN oT
N THLOF

T

|
S
-y

Khai trién mot séng

tam gidc d6i xing ®/ X‘D

nhu trén hinh B 1.5

thanh cic xung nhay wh 12 t
bac don vi.

Hinh B 1.5,



1.6. Khai trién dang séng cho trén hinh B 1.6 thanh céc tin hi¢u nhay bac don vj,

1 BT

1.8.

1.1.

A (1)

s -

a) Khai trién tin hiéu
s(t) biéu dién trén hinh
B 1.7 thanh day nhay
bac don vi.

b) Tinh dao ham bac

~ nhat tin hiéu s(t) tir day

khai trién va vé dé thi
dao ham bac nhat dé.
Mot tin hiéu thé v(t)
thay déi theo thoi gian t
trong khoang tir O dén
7s c6 dang nhu trén hinh
B 1.8.

a) Hay phan tich tin hiéu
thé d6 thanh téng céc
xung nhay bac don vi.

b) Lay dao ham bac nhat

~biéu thic v(t) va vé tin
‘hiéu dao ham bac nhat dé.
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Hinh B 1.8.

TRA LOI VA HUONG DAN GIAI

a) Tinh chét 18y mAu cho ta : f(t)§(t—a) = f(a)d(t-a)
Trong vi du nay, f(t) = 3t*, cona =1, nén :

3t'8(t-1) = 3t*|t = 15(t —1) = 35(t = 1)
b) Tinh chét dich chuyén cho ta:



1.2.

1:3.

1.4.

o0
[f(03(t - a)dt = f(a)
—00
Trong vi du nay, f(t) =t, con a = 3, nén:

0
jt&(t —~3)dt = t|t=3 =3
- Q0
¢) Biéu thifc c6 chira doublet, nén tinh chat 1y mdu d6i véi doublet cho ta:
f(1)8'(t—a) = f(a)d'(t—a) — f'(a)d(t-a)
P6i v6i vi du nay thi f(t) = %, a = 2, nén:

t28'(t-2) = t2| 8'(1—2)—112 o(t—2)
=2 dt tm?
=48'(t—2)—456(t-2)
Tin hiéu 16i ra tinh dugc:
11
y(t)= > e cos(t)5(t —3n)
n=0
I, khi t=3
Ham 8(t=3n) = e
0,khi t#3n

nén tin hiéu 16i ra bay gio la:
11
y(n) = Ze—3" cos(3n)
n=0

Theo tinh chat 14y mau ctia ham &(t):
f(t)8(t—a) = f(a)d(t—a)

Ve

a) cost8(t—%) = cos(m/6)d(t—m/6) = o o(t — %)

nén ta co:

T

2= T n s T T
— — ) — 2 _— — —
)O(t 4) e cos(2)6(t 4) 0

b) e cos2td(t— g-) =e 4 cos(2z

Tt T T T T T
— — ) —_— —— ) = — —— ) 6 —_——
c) tan2td(t 6) tan(2 6)8(t 6) tan 3 O(t 6) \/5 (t 6)

+00 +00
d)Tactichphan [f(t)3(t —a) = f(a) , nén tich phan [Pet8(t-2) = 4e

— 00

Ta chia séng vuong géc f(t) thanh nhimg doan nhu trén hinh B 1.4.

Trong doan 1 duogc biéu dién bing:
f,(t) = Afu(t) — u(t-T)]

2



1.5.

1.6.

1.7,

Poan thit 2 dugc biéu thi dudi dang:
\ £,(t) = —A[u(t=T) — u(t-21))
Poan thit 3 dugc biéu thi duéi dang:
' £,(1) = A[u(t=2T) — u(t-3T)]
Poan thit 4 dugc biéu thi duéi dang:
£,(t) = —~A[u(t=3T) — u(t—-4T)] ’
Nhu vay séng vuong géc f(t) 1a téng céc khai trién:
f(t) = £,(t) + £,(1) + f3(t) + (1) +....
= Afu(t) — 2u(t-T) + 2u(t-2T) — 2u(t-3T) + 2u(t-4T) -....]
Ta phan séng tam giac nay thanh hai doan nhu trén hinh B 1.5.
Trong doan 1, séng duoc biéu dién dudi dang:

2 T
ff==t+]1|u(t+—)—u(t
B

Trong doan 2, séng dugc biéu dién duéi dang:

f,(t) = (—%t + l)l:u(t) —u(t+ %):I

Do d6 séng tam gidc d6i xiing f(t) dugc khai trién thanh dang:
2 T 2 T
f(t) = £,(t) + £5(t) =(¥t + 1)[u(t + 5) - u(t)J + (—;t + IIu(l) —u(t +5)}

Bay gio chiing ta khai trién mot tin hiéu phiic tap hon thanh cic Xung
nhay bac don vi.

Chia tin hiéu f(t) thanh ba doan nhu trén hinh BG 1.6.
Trong viing 1, tin hiéu duoc biéu thj

du6i dang: 410
f,() = 2t+1)[u(t) — u(t-1)] 3 YL
Trong viing 2, tin hiéu dugc biéu thi 241
dudi dang:

£(t) = 3[u(t-1) — u(t-2)]
Trong ving 3, tin hiéu duoc biéu thi 0
dudi dang:

f,(t) = (—t+3)[u(t-2) — u(t-3)]

Do d6 dang séng f(t) duoc biéu thi dusi dang:

f(t) = £,(t) + £,(t) + f5(1)

= (2t + D[u(t) — u(t-1)] + 3[u(t-1) — u(t-2)] + (—t+3)[u(t=2) — u(t-3)]
= (2t + Du(t) — 2(t-1)u(t-1) — tu(t-2) + (t-3)u(t-3)

a) khai tri€n ham s(t) thanh day xung nhay bac don vi u(t):
S(t) = €[ u(t) — u(t-2)] +10u(t-2) — 30u(t-2) — 10tu(t-3) + 30u(t-3) — 10u(t-3)
.+ S0u(t-3) + 10u(t-5) — S0u(t-5) + 10tu(t=5) — 70u(t-5) —10u(t—7) + 70u(t=7)
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Hinh BG 1.6.



=eu(t) + (™ + 10t — 30)u(t-2) + (20t + 80)u(t-3) + (20t — 120)u(t=5)
+ (=10t + 70)u(t-7).

b) L4y dao ham biéu thic khai trién ta duoc:

ds(t)

= 2eu(t) + e®8(t) + 2 + 10)u(t-2) + (e + 10t — 30)(1-2)

— 20u(t=3) + (=20t + 80)5(t-3) + 20u(t-5) + (20t — 120)d(t-5) — 10u(t-7) +
(=10t + 70)d(t=7).

Nhung: °

(e +10t — 30)8(t-2) = (—e~* +40 — 30)5(1-2) ~ —108(1-2)

(=20t + 80)6(1—3) = (—60 + 80)d(t—2) = 205(t-3)

(20t — 120)8(t—5) = ( 100 — 120)8(t-2) = —208(t-5)

va dao ham chi cé cdc diém nhay tai cdc vi tri: t=2,t=3 vat =5 nén 8(1)
vad(t—7)=0. .

Thay céc gi4 tri nay vao biéu thic trén ta dugc:

dz(:) = —2e2[u(t) — ut-2)] — 108(t-2) + 10[u(t-2) — u(t-3)] + 208(t-3)
— 10[u(t=3) —u(t=5)] — 206(t-5) + [u(t=5) — u(t-7)].

D6 thi ciia dao ham ds(t)/dt cho trén hinh BG 1.7.

Do thi cua dao ham ds/dt

: : 205(t-3) : !
—205(t-5)
i | 1 i | I
0 1 2 3 4 5 6
X
Hinh BG 1.7.
Ta ciing c6 thé tinh nhd MATLAB véi cédc Iénh sau:

syms t s;
s=exp(—2*t)*heaviside( t)+H(—exp(-2*t)+10*t-30)*heaviside(t-2)+
(—20*t+80)*heaviside(t—5)+(—-10*t+70)*heaviside(t—7);




>> s1=diff(s)
ans =
—2*exp(—2*t)*heav
+10*heaviside(t—2)—dirac(1-2)*exp(-4)-1
(1-5)-20*dirac(t-5)-10*heaviside(t-7).
1.8. a) Trude hét ta phan tin hiéu v(t) thanh 5 doan
v,(t) = 2t[u(t+1) = u(t=1)]
V,(t) = 2[u(t=11) - u(t=2)]
Vy(t) = (—t+5)[u(t-21) - u(t—4)]
v,(t) = [u(t-4) —u(t-5)]
V(1) = (t+6)[u(t=5) — u(t-7)]

iside(t)+dirac(t)+2*heavisidc(t—Z)"‘cxp(—Z*t). :
0*dirac(t—2)-20*heaviside

nhu trén hinh vé. Khi do ta duoc:

Do dé:
v(t) = 2t[u(t+1) — u(t—1)] + 2[u(t=11) — u(t-2)] + (~t+5)[u(t-21) -

—u(t—4)] + [u(t—4) — u(t=-5)] + (-t+6)[u(t-5) — u(t=7)]
= 2tu(t+1) + (=2t+2)u(t=1) + (—t+3)u(t-2) + (t—4)u(t—4)
+ (=t+5)u(t=5) + (t-6)u(t-7)
b) L4y dao ham bac nhat v(t), ta dugc:
dv(t) /dt = 2*heaviside(t+1)+2*t*dirac(t+1)-2*heaviside(t—1) +
+ (—2*t+2)*dirac(t—1)-heaviside(t-2)+(-t+3)*dirac(t-2) +
+ heaviside(t—4)+(t—4)*dirac(t—4)-heaviside(t-5) +
+ (—t+5)*dirac(t—5)+heaviside(t—7)+(t—6)*dirac(t-7).
P6i véi tin hiéu da cho, ta thdy su nhay bac chi xdy ra tai cic thoi diém
t=—1:t=2vat=7; dodé6 d(t—1) =0; &(t—4) = 0; 6(t-5) = 0.
Do d6 4p dung tinh chat 14y mau ctia ham den ta ta dugc:
2t0(t+1) = -28(t+1)
(—=t4+3)8(t-2) = 6(t-2)
(t=6)8(t=7) = &(t-7)
Do d6 dao ham bac nhdt cta v(t) bay gio dugc viét dudi dang:

d
v(t) _ 2u(t+1) — 28(t+1) — 2u(t—1) — u(t—2) +8(1-2) +

: + u(t—4) — u(t=5) + u(t-7) + 8(t-7)
P6 thi cua tin hiéu dao ham bac nhit cta v(t) cho trén hinh BG 1.8.
! *dV(t)
dt

5(t-2) 8(t-7)

1 4 T

-25+1) |
Hinh BG 1.8.



2.1.

2.2.

2.3.

24.

2.5.

2.6.

2.7.

2.8.

Chuong 2
BIEN POI LAPLACE

DE BA|
Tim bién d6i Laplace cua tin hiéu sau:

e 0, khit<0
T le®™ khit>0

ot .
b) X,(t) = e akhit<0
0, khit>0

Trong d6 o 1a m6t s6 thuc.
Bi€t anh Laplace clia mot hing s6 A 1a A/p. Tim anh Laplace clia ham
f(t) = at.
Bi€t bién d6i laplace clia cdc ham sinot va coswt. Hay tim bién déi
Laplac cta cdc ham s6: e *'sinot va e “cosot '

!

Biét bién déi laplace cia cdc ham f,(t) = t"u(t) 1a F,(p) = % . Tim bién
P

d6i Laplace ctia ham s6 f(t) = t"e ™ u(t).

Dung méi lién hé giira bién déi Fourier va laplace, tim bién déi Fourier

e', khit<0

e ', khit>0

Tinh bién d6i Laplace clia cdc ham s6 sau day:

a) f(t) = cos(mwt) '

b) f(t) = ™ + sint

Tinh bién d6i Laplace clia cdc ham s6 sau day:

a) f(t) = 2u(t) +3e*u(t)

b) f(t) = sin(t-2)u(t-2)

e) i) =ite™

Tinh bién d6i Laplace cta cac ham s6 sau day:

a) f(t) =3(1-e™"

b) f(t) = Scos(3t+ m/4)

cua ham s6 sau: f(t) = {
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2.10. Tim bién ddi Laplace ctia mot xung vuong cho trén hinh B 2.10.

4 ) (1)

--------------

Hinh B 2.10.

2.11. Tim bién déi Laplace clia séng vuong géc cho trén hinh B 2.11.

A fO
—_ ———ee-----

Hinh B 2.11.

2.12. Tinh dao ham cho cdc ham clia ham s6 ¢6 d6 thi nhu trong hinh B 2.12.

f(t) 4 f(t)
4 |

3 { B3A
TR

E 2 :
2r=, - 10 =:2t2

i
Wbl "
DR 2 o tt
v -0
Hinh B 2.12
2.13. Tim bién déi Laplace nghich déao cta cac ham sau day:
| p+2
a) F(p) = : b) F(p) =
P 3+ (p+1(p+3)
p+l | p+2
c) F(p) = : d) F(p) =
I EP) p>+4p+16 JP) p(p+ )(p* +9)

2.14. Tim bién d6i Laplace nghich dio clia ham s6 sau day:
| c+jd crjd
F(p) = — 41—+ ——
p+o—jo Pp+o+jo

11
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