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First-Order Circuits

Tim v(t) khi t0. =0
30 10

WA ] AAN—

i
20V () 90 2 » == 20mF
o > -
Gisi \ 1
9
veln) = (20) = 15V, r<<0
9+3

Ve(0) =TV =15V
Rg=1+9=100
T=ReqC =10X20X107°=02s

b(1) = ve(0)e ™7 = 15¢7/°2V

First-Order Circuits

| Wl - i
v(0) = ¥, w(0) =-CVq Cl - l i

C == v R

ic+ig=0 5
dv v dv

v

C—+ —= 0 ‘ — + — = 0 Source-Free RC Circuit
dt R di  RC

dv 1

a = *E"ﬁ nv = —é +In A4

o =———  p() =Ade /R p0)=4 =TV,
4 RC = S

) v(1) = Ve /RC T=RC v =V

First-Order Circuits

Vidu
Tim ve, v, io khi t0. Biét ve(0)=45V

L sq

—

’—"A l'."\’4'\ /\..
L + . +
3F Yc

nes 6Q % u

T 1

Ds: 4570y 150702y —3.75¢702 A

First-Order Circuits
Cho v.(0)=15V. Tim v, vx va ix cho t>0

Gidi VYV
= 20 >< 5 = 4Q ‘7 + “”“,{.-G
!

R. — =
eq o
20+5 5QT 0F=r ROy

Req =Rthevenin nhin tlr 2 cyc cia C \ B

T = ReqC = 4(0.1) = 045

v=uv0e " =15¢"""*V, ve=uv=15¢ 2V
2
= il T —25t% g, 25y
Uy = T g? = 060157 = 97V
U B
ih=—=075% >A
12

First-Order Circuits

Vidu
Tim v khi t>0
6Q £
AN p, i_
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First-Order Circuits

Vi dy: cong tic duwgc déng trong mot thoi gian dai,

)
i
&)
b
~
w’\aﬂ\/\vk
[}
o]
—MW—
| & =

. 12 A r<0 6A, t<0
= " - 5 iz = 3 : =
12277 A, =0 —4e T A, t>0

1 i tai t=0 cng tic dwoc md ra. Tinh i(t) khi t>0
i0) = I w(0) = T_L Ip — Gisi
] | P— 2 £k =
vy + vy 0 L:,;; R_:: jj;:s“ "\'ﬁy /\
di | di R, e* e r O]
L—+Ri=0 mp —+—i=0 . 40 L 5
dt dt L =5 7=8A ($)4ov  Zpa Ziso 3
[Pd - [R4 . E | LT
= = | =6E rce-fr i) =——j, = ) <
Lo X i A source-free RL circuit. i(f) T 411 GA <0
0
W R Rt i(0)=i07)=64A
In i =-7 = 1ur[r)—h1]0=—f+€) Rg=(12+4)[16=80
7, 0
. _ —Rt/L L 2
n D _ Ry i) = Le oL oL 2 1,
Iy L R Req 8 4
X . i —4¢
. - i(f) = i(0)e /" = 6e ¥ A
=) () = Ie /7 ® (0)
e Vi du: Cho mach nhu hinh v&. Tim i, vo va i cho toan mién thoi gi
A .
Gia thiét ring i(0)=10A, tinh i(t) wx\ T du: Cho machn li’ inh V&. Tim o, vo va i cho toan mien t i gian,
aisi gia thiét rang cong tac da dugc md trong mat thoi gian dai.
0.5H S ? 26 D 3; Gii 20 3a
iy 10 1 - A IR TR Y
=~ - Forz>0.  Rp=3|6=20 . |. [ b
‘ 1ov (F =0 S6m =2H
N 2N r=tots i) =i T =2 A £30 | | |
5=1V{]1 kn kr: | _ 3 Ry
| . U (1) = —vr = B —2(—2 ) =4e'V. >0
| o & 2(—2 :
v 2
’ W)=—S=-Z¢fA  1>0
1 6 3
Nipg=lah+1=0 = hy =1y =
] - l h—-3A ——h—3A Thus, for all time.
6iy — 2i; — 3i;, =0 = iy =—i . lr,’t <9 6V _—
e _ 1 L %3 RO ety e T ey, e
Rq=Fm=72=30 Tzazzzis 3
2A <0
’ r) =
) () = 0T = 10PNy r>0 ! e A r=0
v Vi du: Cho mach nhu hinh v&. Tim s, vo va i cho toan mién tho gi
Tim i v8 vx & trong mach Gia thiét ring i(0)=5A i dy: Cho mach nhu hinh vé&. Tim is, vo va i cho toan mién thoi gian
Giai iQ
iai .
ot AN —
.l* ‘ g - =0 ;
2H = ]n 40 ; ,-; r::}-gﬁ
- ‘ lfo




9/8/2018

Viduy: timi(t), t>0
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Step Response of an RC Circuit

Né&u ban dau tu chua dugc nap thi cé thé viét lai

o r<0
i) = i S
u l—e ). >0

Khi cé dién &p roi thi ta tim duwgc dong dién qua tu
dv  C rly
)= ==Wp"", T=RC, ! (1}
at ; [T
K e
Hr) = e ulr)

R

Doi khi nguoi ta cé thé viét dudi dang
v(®) = v(®) + [0(0) — v(=)]e™"”
. The initial capacitor voltage v(0).

1
2. The final capacitor voltage v().
3. The time constant 7.

Step Response of an RC Circuit
When the de source of an RC circuit is suddenly applied. the voltage
or current source can be modeled as a step function. and the response
is known as a step response.
The step response of a circuit is its behavior when the excitation is the
step function, which may be a voltage or a current source.

=8 R

(a} (k)

v(07) =v(0") =T,

Step Response of an RC Circuit

Bai 1: Xac dinh v(t) for t>0

3IKQ 4 _p 4Kk
r=0\(""' VY
~ > + L
uv(E) s v==05mF (T)30V
il 5 A = xr
v = el = sy v(0) =v(07) =v(0T) =15V
Ry = 4K0, T=RpC=4X10°X05%x103=2s
v(=) =30V () = v() + [v(0) — v(=)]e "
=30 + (15 — 30)e”" = (30 — 157"V

Step Response of an RC Circuit

Ap dung K1; dong qua C béng dong qua R

L v — Vol fan L ¥

e =N + = —u(1)

dr dt ' RC RC
Forz > 0.

dv vV, dv v =V dt d

dt  RC RC dr RC t F, RC

Ir V. ™ = B In o=V !

Ww=F) ="z To— V.  RC

A o

&= _

= gl T =RC

IO - Ix

Ir T r<0
) = Vo= Vo— Ty VT - L

v= V= (Vo — Foe o {J',+ (Vo— V™, >0
vy =V, + (I, AT t 0

Step Response of an RC Circuit
Bai 2: Cong tic dugc déng trong mét thai gian dai va dugc mé ra tai t=0.
Tim | va v cho toan mién thai gian

100 -~y
| L=l L Lo, : 0. <0
TR i 06z Wirg o [ (A 30edr) 20, >0
A X v - | L ——
200} = b0} = 1DV =10V .=—m= -1A ”xl_lu—l {30) = 20V
10 %20 20 e AL S
Rp=10]20=—"==0 F=Rpnt=—"rT=7s
% : 30 3 3£ 3
v(r) = v(=) + [L(0) — v{om)]e™ T
=20 + (10 = 20)e” ¥ = (20 - 10e™°%) V
v c de
T dr
=1— 0.5 "% + 025—060—1e "¥ = (1 + ") A

_ v
=20 — 1005y v

) J_={—m

(L+e A

r<g
t=0
<D
P20




9/8/2018

Step Response of an RL Circuit

5 ;
el b
¥,
P=d by 4= A i i =
R R
, V,
i=de T+ =
0 =i0) =L atr=0 -4+ d-n- L
0 o=+ R
) Vs Ve _un 1. The initial inductor curment i{0) at + = 0.
i =—s+lg—}e 2. The fimal inductor current ()
R R 3. The time constant T
. . : 5 v di_ L .
i(t) = i(>) + [i(0) — i()]e """ > v =Ly =Voge "

SECOND-ORDER CIRCUITS

A second-order clrcult & characterized by 4 secand-order differen-
tial equation. it consists of resistors and the equivaient of two energy
storage elemerts.

R L

AN "\'—'WT
CJT

Bl CT () R3S E
Ry Ry

VWY '\"\f‘\.",—r VWA v—‘
i (F I c c I JA 2
lS AN ) 1 2 UJ \7/‘ Ll (’ LZ (V

Sy

Step Response of an RL Circuit

Tim i(t) for t>0. Gia thiét cong tic dwgc déng trong mot thoi gian dai

Gidi
10
07 ="F=5A  i0)=i07)=#0)=5A
=0
Whenr > 0 :
10
i(w) = =2A
243 20 30
AN A
Rpy=2+3=5Q }i
7 () =
R 10v (&) g 5H

T=—= Er

Ry 5 15
i(6) = i() + [i(0) — i(=)]e "

=2+ (55— =2+3" A >0

SECOND-ORDER CIRCUITS

Finding Initial and Final Values

The switch in Fig. 8.2 las been closed for a long time. It is open at
t= 0. Find: {a) 1007}, 0(0™), (03 di0™)/dr, do(0* 1dr, (€) i{=), o{=)}

= =24 vl ) =20} =4V A07) = f07) = 2A, w0y = pid7)
4+2

— o0t » y ;
At1=0" j (0" =i0")=2A Since Cdv/fde = i, dvfde = i/ C, and
do(0") _ lel0Y) 2 ) . )
SR _ W D 2 _spwis —12 4+ 4i0™) + o0y +ot0*) = 0

df L 01
aifoty o0t 0 .

G0 =12 -8 —4 =0 Al
0 )=12-3—4=10 r I 025 ) A
Fort >0

(=) =0A, m) =12V

4V

Step Response of an RL Circuit
Bai 3: Tim i(t) for t>0

Forr<0  #(07)=i0) = i0") =0 ! :
For 0<t<4 ll
fl;r.,=1_ur‘=4_x. Ra=4+6=100 . a2 G .
L s |
T Rm 10 2° H
i) = (=) + [if0) — =)l "
=44 (0= =41 —a A
Fort=4 i(l=id 1=41—e =44 N-o W-o v 0 o 180
4 2 3 11
+ 30 . 4%2 22 L _5_15
o) =g =TT =27274 Ry =42 +6 e teeEN ToRomETgys
i) = i) + [i(4) — i(=)]e T rEd
. 5
W) = 2727 + (4 — 272T)e VI r= 1—:

1737 4 1273 LT,

SECOND-ORDER CIRCUITS

The Source-Free Series RLC Circuit
Mach duoc kich thich b&i ndng ligng ban dau trong L va C

i(0) = I,
Applying KVL & + - ri' | ide=10
ai + Rdi +-L -0 pé gidi pt nay ching ta dung 2 diéu kién ban dau
dt Ld LC
. di(0) di(0) 1 st
Ri(0) + L a + V=0 Suyra TZ,E(R[()Jr Vo) — s i=4e
. PTOT ;2+§;+ L_p
5 a+ Vo' W, 52 a = Vo
R 1
o gy =
u SRRVIT:
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SECOND-ORDER CIRCUITS

The Source-Free Series RLC Circuit

b As) coswgl + (4 — 42) sinwgat]

R L
TH1: 0>mo ANNA—TTT
ity =A™ + 46 .
TH2: o=mo -
o R
51 =5 = —a= *5
M =dp ™+ ™ =duw™ A3=4,+4,
TH3: a<wo
5 it V= (i v o+ fue,
o W= (g o o wh,
— =A™ Ao~ )
=g (A e!™ {46
ift) = e "4 (coswyt + jsitwgr) + A3{coswyr — f sinwgr)]

SECOND-ORDER CIRCUITS

The Source-Free Parallel RLC Circuit

TH1: a>wo
@ > wy when L > 4R°C

v(f) = 4,65 + 4,6

TH2: 0=00 — > [ =4RC
v(f) = (4; + At)e
TH3:0<w0 = [ < 48%C.
512 = —a L Jwg wa= Vs — o

v(f) = e (4, coswmgt + 4, sinwyf)

Céc hé s6 A1 va A2 dugc xac dinh dya theo diéu kién ban dau

SECOND-ORDER CIRCUITS

The Source-Free Series RLC Circuit
Vd: Tim i(t) trong mach, gia thiét mach d4 & xac |ap tai t=0-

Giai e
w
4146 |
EN SosH
Khi >0 ;

| 002
il = 1 A, m0) = 6&il0) =6V v (T

1 |
—_—= _.=JU
Vice wvixg

g =

x

spa=—a = Vo' —wi=—9= V8l — 100 s12 = 79 £ j4359
¢4, 054359 + A, 5in 4.3597)

_ fi 1
=4 'rT’[ = — 7[R0 + o) = ~205(1) ~ 6] = ~6 45
=0

Xéc dinh A1 va A2 theo diéu kién ban dau

974, cos 4359 + A5 sin4.3590)
i
+ e M4 3590 —4, sin 4,359t + 4> cos4.3591)
Tai t=0 —6=—9(4; +0) +4359(—0 + 4,) — A4, =0.6882

) (1 = ¢ *{cos 43597 + 0.6882 sm4.3597 A

SECOND-ORDER CIRCUITS
The Source-Free Parallel RLC Circuit

300 04H i
Vd: tim v(t) khi t>0

r~ 11 ) ——
Gigi 40\:%) rﬂ\% 00 S zu,m::f

Khi t<0
50 5
)(0) = —————(@0) = = — 25
9(0) = @O =g x40 =25V
10 ; . i 5 5
() - — — osa @ _ _v0) +Ri0) _ _ 25-50%05
30 + 50 dt RC 50 % 20 X 107°
Khi t>0
N - S A
“Tmre T 2xsox20x10° R
1 1 = —500 = \/250.000 — 124897.6 = —500 = 334
G =——=——— =354
VIC V04x20x10°
n=-84 sm=-146 — u(f) = Aje TH 4 4o ¥

SECOND-ORDER CIRCUITS
The Source-Free Parallel RLC Circuit
Ap dung K1 tai nit trén .

1 :
di
+ [ vdt + C'% =0

& dt Rz

|
=

Tai dk ban dau pt trén duoc viét lai:

|4 dv(0)
L+ /—2=0

n dv(0) _ (Fy + REy)
° dr di RC
o ]'th— L =0
RCdt = LC
! =R
2L > s12=— 2= e
Sttt e 0 ! 2re — \\2re/ " Ic
— s VE—R o= L w0, = 1
512 —a ® Va wpy SRCT o —

SECOND-ORDER CIRCUITS
The Source-Free Parallel RLC Circuit
Xac dinh Al va A2

Tait=0: w0)=25=4; + 4, = 4, =25-4
dv . .

Y 8544,6 5 _ 464,01

dt

du(0)

o = 0= S - MG, > 0= 8544, + 1464
—— 4, = —5156. A, =3016

—— u(f) = —5.156e ¥ | 30.16¢ ¥V
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PHAN TiCH MACH TRONG MIEN TAN SO PHAN TiCH MACH TRONG MIEN TAN SO

= i a0 20
F)=ap + 3 A, cos(nwgt + ¢,,) Wiy Oy
n=1 &!a(f)
o x s =
o0 () Z2m  Z20
ap + E_A,rcomiwgr +¢,) = ag + E (A4, cos ¢,) cos nwer ]

n=1 n=1

EA

— (A sin ¢y,) sin nwgr

. I 1 2(-1)" A (G0
e= S s sy = e v
o = A 05 b A s ¢ ¢ A1 +n ftan tn V1 + 07 21 +n?)
— b ,
A, =V ﬂ,_z + bi. by, = ftalfla—” -?‘n;‘ , = a, — jb,
n
[ G Vi
( L 2 i) =— + cos nf A
Céc budc giai: o) =4 E 21 4+ nd)

Biéu di&n ngudn kich thich dudi dang chudi Fourier ndi tiép

Bi€n d6i mach tir mién thai gian sang mién tan s&

Tim dap (*ng cla cac thanh phan DC va AC trong chudi Fourier néi tiép

Giai mach véi cac thanh phan Dc va AC sau d6 xép chong két qua lai véi nhau

HPwNR

PHAN TiCH MACH TRONG MIEN TAN SO PHAN TiCH MACH TRONG MIEN TAN SO

Bai 5: Tim i(t). Biét 20

i 5 | I,-"”
if) =1+ 3 —Scos3ntA T : -~

Céc budc giai: =n _|;1n |_-.h

1. Biéu dién ngudn kich thich dudi dang chudi Fourier ndi tiép

2. Bién d6i mach tir mién thoi gian sang mién tan s6

3. Tim dép ng cla céc thanh phan DC va AC trong chudi Fourier ndi tiép

4. Giai mach v&i cac thanh phan Dc va AC sau d6 xép chdng két qua lai v&i nhau

PHAN TiCH MACH TRONG MIEN TAN SO

Bai 4: Tim iot). Biét ) 40

PHAN TiCH MACH TRONG MIEN TAN SO

20 Bai 6: Tim vo(t). Biét 104

5 % l)n AW MY ) r’\’v'\"‘v
= = =% io(1) hoz+isl ;
v(in=1+ E 1 (cos nt — n sin nr) 5 . v =3+ = "2::1 nsm(;mr) 1p
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! B 2
v() (C 22n 320 v (@) 21

N
ME Iw,m

VWA

wy = 1. w, = nradls.

Jwn8 8+ jw,8

Z=4+jw2||4=4+ - -
4 + jw,l 2 + ju,

- g |

vV 2 +tjo, 4
- -y - ——
Z 8+ jw,8 4 + jwsl 4+ jwd
— N
w,=Hn, — >1,= ———
AV1+njtan " n
. v 1
Thanh phanDC: (@, = Oorn = 0) V=1 = IO:I:Z
Thanh phan hai: ~ y _ 210" 1
) = —=/tan_n
V1+n?
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Bai 7: Tim io(t). Biét 20

AVA—

- r fuo
> (chos nt — %qm m‘) v o (E)  1F Z1a
—1 07 I

a=1 *

1 1
i} =—+ 5
=5

PHAN TiCH MACH TRONG MIEN TAN SO

Bai 8: Tim i(t). Biét
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=1+ 3 iz:us 3ntA
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Wwwj & »
i (h b 210 %‘ 2H
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