Response of First-Order RL and RC Circuits

-RL £=RC 3|20HS &,

- 24, 218 M0l ele g2, = =I|IEAH0 2diH MR, 0| 2
= 329 S¢E : natural response.

-0E, 3% d0ILt AFIH 20| Ot E el SE : step response.

- OtXI2t2 =, natural response, step responseE 6= & PH& 01 HHH

% HH‘S‘EI’- Compiete Responss

3 T T T T

vell) = A cos (1000 + u) =]
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RL Circuit-Natural Response

t=0
=>f= t=00llA

+ switch open i V]
TR TR I [ B S

Yyy
vy

t<02 Mol Lﬂ:o olez t>0 & Mol i (07 =1

dt HEBE 920|122 i(0) = i(0%)
inductor LGl 10l S 8.
t>0 < mol= KVLOI oA

LY Ri—0, zoza i0)-=1,
dt

—+=i=0, (eMi)y=0, i=Ke " >it)=le =1,
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Time Constant
i) =le ™ =1e"

i)
7= L/R (time constant, A|& %) :
LIEHUH = Al2H

| R
0 //Ioe t
e EMNS
r \‘_’ ===
S t arekt= 7 0| el (37 %)
T t=57 0|™ e5HH (1 % Ol5t).

Ur 2 t=00lA2 HEES 20|

I &CH: MJOF e #Hal
)t 30 IJ{IL AT B35

Lecture 8-3
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Resistor0ll Al & 2 &l = Power
p=vi=Ri’=RI2 ¥ for t>0"

W = pdx=RIZ[ e "dx= ngg[l—e”%]

Energy
1
== LI2(1-e ) w7=L/R

W=1/2 LI2 Ol YAl
1 2F0 & C

t— 00 O™

NEUHA LA20t= HIUR= ILE O A&t
HER= XS0 =1,01AX2A 5 F 0= H Hol &Lt
- MetM, =8 E2 switching=

ge

H2 A2 EXH5HD, B&S

i=lge t?
oo o
switching® &3l 2! Al2t0| Xl

i= [0— “0.‘"7‘!
= EX e

Lecture 8-4

0
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A — A —N —]
N2 =X off &
vori - X285 A2ZHEC
1.0 /_/— Z % JHXl 8z "3t
. | A1 EEE siC.
-t
08 1—e v - Al2+0l L0t SRl &%
07 T 2 mol= A8 #st
T o e o e B B e g =0l
U - J2iLt Al2+0l &S0
BT /BB N M2t $310F A0S &
03T A ct.
0.2 11 e T
. - &25 Al2t0| 520
' L2 HY BSGHRI &
0 7 27 37 47 57 =
R4g4ol €K 2
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Y AN SEL JlsA - AE
v e= 2.71828
v (final voltage) i 95% TR {qgr;f
,,,,,, '?186%{},,{5,,_1. . e’ =0.3679
i Hib
sE o e?=0.1353
| N B
EaSs ez neasinee e =0.0498
- -
' i SSEEES ‘ e =0.0183
0 2 5
(a) Charging curve with percentages of the final volta = 00067
- X+=E0AH AIZHE SE2
V; (initial voltage) |- 100 |H*§ Js&tCt.
- AlE= 220l AlI2H0l SE2H
2| & 2tat2l XtJt 37%0I Ct.
= ~ NE42 5 8 U A
= DSl TH= 1% OILKOICH
S ) — Mk, AZ42l 5B XILt
0 Ir  2r 3t 47 57 o 23S 20l = B3Ot el
(b) Discharging gur\e with percentages of the initial voltage 1 2ch
N=84=2 AlZHE B0l the 301
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RC Circuit-Natural Response
Capacitor0il= v, Jt Z2ICt (- &7 = 0).

v(0") =V,, iC=—|—C%

KVL: -v+Ri=0 = —v—RC%:O
ﬂ_{_iv 0 (eRcV) _
dt RC

v=Ke™ ,v(07)=V,=K
v(t):Voe’VRC for t>0

_Ve’V 07l 7=RC
p=vi=v(- c—) (Voe )(C - Ce%c)

Vo

Ve %
R

t . 1 E
-, W :L pdt :ECVOZ(l—e Ve

0
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RC 3 &
- HIHAIE = 2Ero] FHFEH)O0| AR R H5H6HO0F MBIt S2CH.
- M2tA, LS| Jeto| 20| HIHAIE s BEIF 82X Y=L}
- BHEHO| MQH0| AIRFROZ HigH= N2 M0| 22IH M)t & S2C
R — FHIHAIEIO M0l Z2IB HIHAIE
MV . UCHO| MU =AXNOR UM MY
. yc v, 2 B S0l ®E0 BECH
VG”) Ve 2=C - R HMAIEHZ 224 SO0IIH &
Na - SHOF 401 SHIHAIEISl ®etol 22+t
H S0t
- =28 AI2I0] B2 HMAIE M2t
= 0] M At 2 901 G Ol&F FHIH
RC 3|2 A ANEZ B8JI € SOIIX Z=CH
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RC 3|29 43X g

AN i t<0 oA v, (07)=v.(0") =V,
v SGD \z ==¢CC t>0 Ol A
T ; ker: Ye=Vs o
R dt
puw - TEE Lty -
dt RC ° RC

Ve f----mmoommmme- -t
/ Vc (t) = Vch +ch Vch (t) = Ke ”
g V() =V, = 7=RC

v (t) = Ke” +V,
=(V,-V,)e” +V, fort>0

A D)
V4R ;
\\ If V, =0, Vv, ()=V,(l-e%)
>t L0 =C2% v, /R)e”
dt
Circuit Theory | Lecture 8-9
AN B2 H At
R
MY V. (V)
15 kO J_
v1
IS:H\:C_%D —"(():.(mse,u]r 25 = = ‘
l . 0 0.5 1.0 han
Ve (V) = RC r= RC
3 f% ~
1-e = (15x10%) x (5.6x10°)

: AN ~84x10°°
=84 s

rims)
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Sequential Switching (I)

3 Z 0| M switchingS S H 0|4 5t= &< - sequential switching
Inductor & 3 2} capacitor 820 30|22 0| =2 S 0| &8tCh

Example B (<02 W 82 (b))%t 2T
t=0 ’}'{"" m2kA, i(09) = 10 A = i(0%)
T3 0 <t<lms &€ M 3lZ2&= (c)2 2L
10 A ;-(‘1_: 20 20 2><10_3ﬂ+2i:0, i(0+)=10
0 dt
' ) ) di 1000 =0
(@) A circuit with sequential switching a + =

|(t) — K eflOOOt
=J|gtofl 8o K=10
0<t<1ms Ol CHoH Al
i(t) =10
i(lms)=10e™* =3.68 A

2Q

10A{i%

(b)t<o0 (c) 0<t<lms

Circuit Theory | Lecture 8-11

Sequential Switching (II)

t=1ms

Ims<t O 3l=2= (d)et 2L
10A H 4] 2Q 20 t=1ms & M 8F/E AK022

2><10’3%+1i =0, i(Lms)=3.68

(d)ims<t
di .
—+500i=0
10 e -1000t dt
: : 500t
y : 3.68 e -500(t-1/1000) i(t)=Ke
i) I ZJI1gt i(lms)=3.68=K e
N
I K =3.68 e%°
I | | | . _
1 2 3 4 i(t) = 3.68 e 2001+0>
t(ms) — 368 e—SOO(t—l/lOOO)

Current waveform for t> 0.
The exponential has a different time constant for0 <t <t,
and fort> t; where t; =1 ms.
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Comparator

v Comparator

V'| v? e RLg ‘,U(I}

-E MR A,
k=1 a

: Op amp0il comparatorztil &.

Circuit Theory | Lecture 8-13

Comparator of Capacitor Voltage (I)

Comparator
NA—¢ A comparator is
R l + . used to compare the
e capacitor voltage
Va CD C = veld vy() V(t), toa threshold
- voltage, V.
. L
V() )
3
WiF=——— === V, > V>V, (0) 2kl JHS.
Vit > V(1) v (0)22EH V,2 HXIHA VM AEO0 oLt
O : V=V, 2RH V, 2 HHE L
T >t Ol I Z22l= AlZtE 7ol EXA
111
Vopo
Vg ———— .
N vV, if v () >V
Vi 1 Vo (t) = .
tl >t Ve it v (t) <V;
1
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Comparator of Capacitor Voltage (II)

Ci

O e —
~t,=RC |n(VA_VC(O)J v,

A T

V(1) =V, + (v, (0) -V, )e ™

omparator
- Noninverting & Xt0il A KCL. '\/;3/\; }
—VC _VA + C % = 0 V(‘ Ct) T I‘E(I} "\-;{-f)
R dt - .

rRede 1y —v, _ L

My _ Vc(t)
a, vV, :t_tl WA V(L) =V, a}aj N S
dt RC RC Ve =Va+ (v (0)-Va)e ™ v .
v, =V, +Ke® :_tlzln( V, -V, ] w0 3 g
=212t v (0) =V, +K C RC T Va-v(0)) v f 1t

|
K=v(0)-V, ! |

I

I

|
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Stability of First-Order Circuits

- Inductor, capacitor, resistor, independent source 9t2 JI&l 3|2

= stabledtCt.

- 2Lt 3|2 SE0| AlZIEeZ 24 6HX &1 XI5 o2
E s

%= AC. Dependent source

Ol

g

- InductorlL} capacitorfiAl 2 Ry,7t S0/Y unbounded responsedt
L+EtLIA unstabledtCt.
-RC3 29 &<

dv, 1
dt R;C

_t
v.=0 — v, =Ve™

- 2 E U2 A4 SH0l Te Mstech

i
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Example of Stability of First Order Circuits
t=00Il A AQIXIOHEBICH Ol T V,(0) =10V OICH  V,(t)="?

KCLOII Al
. + * 5x 1oﬁd Yo _7i,+—2o_—0
= dt 10000 20000
10V — 5uF Vo 10 k¥ A 20 k2 v
- HIIM I = o olez
- 20000
. 5%10°¢ dv,
- dt 10000
+ 5%10°¢ dv v, -
vr 10k Tia r';{ 20 kit dt _5X10
) Ry, =-5x10°Q
. dv,
= ©—40v, =0
A at
N =0 v, =V, =10e*" (v (0)=10V)
WY S 5pF v —5 ki
) V,=150V & M Z O,
_ 150=10e* = t=(In15)/40 sec
Circuit Theory | Lecture 8-17

Step Response of RL Circuit (I)

S|IZ20 2K LF ALt ERE IR E M2 S : step response.

R

. )
) t>0m V, = R|+Lﬂ

it) dt

- T - I:Ih+lp

For i, R|+L%:0 i, =Ke”
Ve

Lt

For i R|+Lﬂ=V i =
P dt " R

)=

V,
0632 £
A

i(t) = Ke” +

i(0)=1, aste I,= K+VES
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Step Response of RL Circuit (II)

Vs

0.367V,

v=Ve

—(R/LN

: Vo, vV,
i©)= (1, -2)e’ + =

Bt 1, =0, i(t)=VES(1—e'%)
V, 1

»

t=0 01I/v|3|§7}-§:ﬂ = :\%

dt, R 7

t=00ARUAS BAASt= F0I2Z
V= 25 inductor(f| Z&.

0 27 31

Circuit Theory |
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Step Response of RC Circuit

X =0
1 J' .
s R CT ve
N Vc(t) )
Rl ?--
> t
A i)
I k
> t

Circuit Theory |

t<00A v, (07)=Vv,(07) =V,

t>00lA
Vv dv

KCL: —IS+E°+C—°=O
dv, 1 I
Vv, ==
dt RC C
Ve (t) =V, +ch Ven (t) = Ke%
Ve, (1) =RI;

v,(t) = Ke”* +RI,
=(v,—RI,)e” +RI, fort>0

If V, =0,
v, () =RI (1-€e”)
. dv y
i ()=C—<=]e”
o(t) praialle

Lecture 8-20
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General Solution of Constant Source
- RL,RC 3|2= Ot29l Ul 3122 el

XX K Koaas
d =
X=X, +X

x(t) =Ce” + K

Circuit Theory |

(]

t=t, &

2]
hY

PAl
<
F

{d}

212t x(t)

X(t,)=Ce” +K = C={x(t,)-K ¥

X(t) = {x(t,

)—zK}e7@+zK

capacitor0il Al 0| A5,
X(ty) = x(ty)
=10 () =i(t) v (ty) =V, (t)

|
I
I
|
I
|
|
: - Inductorfil A & &,
I
I
|
I
|
|
|

+ —- | '
= Yoo RT"'EE E:’_

v

Lecture 8-21

General Solution of Nonconstant Source

Steady-State Response to a Forcing Function

Forcing Function
y(®)

Steady-State Response

Xq(t)

1. Constant

yt) =M X;= N, a constant
2. Exponential
y) =Me® X;=NePt
3. Sinusoid

y(t) =M sin(et + 8)

X;=Asinet+ B cos ot

Circuit Theory |
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Appligatiops of Perm?nent Magnets

\ s o, lis,______.zf

o

My

Operation of a magnetic switch
Floyd 2 284%, 12 7.6

[ o

" ,‘_‘\

Window | |

(u) Comact is closed when magnet Magnet

L&u

Connection of a typical perimeter 9! Magnet \ 0@

alarm system. - ,,gr [:
Floyd ® 284%, 12 7.7 £ F

Circuit Theory | Lecture 8-23

Ampere’s Law and Electromagnetism

- Ampere?| £g| 8=
HFJ0l 2ot O Sclloll XrAHDE M20TH= YA
VxH =17, p H-dl =] J.ds

/|

Circuit Theory | Lecture 8-24
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Solenoids

- MRE ECH NAI MH E-INE 20
- HJII UK AZ0 2o ERM= el AXZ SH s

(a) Solenoid

Stationary core

|
TP,

Spring

(b) Basic construction {c) Cutaway view

Basic solenoid structure. Floyd 2 290%, 1 7.14

(a) Unenergized (no voltage or current)- plunger extended (b) Energized - plunger retracted

Circuit Theory |

Basic solenoid operation. Floyd 2 291%, 1 & 7.15

Lecture 8-25

Solenoid -

Butterfly valve -

Circuit Theory |

Solenoids — Butterfly Valve

- 887} S =M Butterfly
valve Jt 3| &EdH Al 10|
I E JNEIStCE

A basic solenoid valve structure.
Floyd & 291%, 1& 7.16

Lecture 8-26
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Relays

L

NO contact
v

E2|H pole 0] 29| RIXIMA 32 AXI= 0l=.

Armature

to terminal 2

Floyd & 291%, 18 7.17

Circuit Theory |

[ —
apring

2 .__;*’"*_”‘:" EE

—

—

S = _| —
(b) Energized: continuity from terminal |

to terminal 3

Coil = :
(a) Unenergized: continuity from terminal |
Basic structure of a single-pole-double-throw armature relay.
Lecture 8-27

Armature and Reed Relays
- Armaturerelay 2| 2= 2 3|2&

Typical armature relay.
Floyd & 292%, 18 7.18

Contact points

Spring

Connecting

wire

(a) Typical relay structure

Terminals

Armature

tn

Electromagnetic

coil

(b} Unenergized

Lecture 8-28

Basic structure of a reed relay.
Floyd % 292%, 18 7.19

Circuit Theory |
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(a} Basic speaker construction

Speakers

Permanent r, Fixed rim
¥

{b) Coil curremt producing movement f¢) Conl current producing movement

of cone 1o the right of cone to the left

Basic speaker operation with movement exaggerated to illustrate the principle.
Floyd & 293%, O& 7.20

Lecture 8-29

Circuit Theory |

Coaxial High-fidelity Loudspeaker

Magnetized Lead terminal

ferromagnetic

material \—

- FRRA L XHE otoll OIS 2L S FAXIAIZICH
-JIS3YN NRE EHA ZHX ECRZ IISRYUS
-SSR0 ZE 20l SE0 SS U0l AcIE S

From Boylestad, 459 %

Circuit Theory | Lecture 8-30
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d’Arsonval Meter Movement

- Analog HIEJ|28 #HaQA,

- BN ER=M2IF AL IHS
2510 ZUX B2 BMAIH His
= 3| & AI2ICH

- 0l DIES NES HE2 50
=SNG MAMZ AIRE 2 UCH

- Ol DI NEs Yz A5

scale

T T

| When the electromagnetic field interacts with the
= i permanent magnetic field, forces are exerted
St on the rotating coil assembly, causing it to

move clockwise and thus deflecting the pointer.

The basic d'Arson\i:ailhgter movement. Floyd ® 294%, & 7.23
Floyd & 294%, 1& 7.22

Circuit Theory | Lecture 8-31

Magnetic Disk and Tape Read/Write Hea

— Ampere?2| 3 = 0j 2|3} - Faraday2 ®XtR< 0 26l
RHE LAAIH Ol XA KHEOI AIIE o2 ot B
Z NH4=ES XIEAIA LTl M0l LABICEH
Il AI2ICH - 5.dS
§ E.di :_M

Moving magnetic surface Magnetized spot

head follows the low {b) When read heac

ther elic surface Vo

Read/write function on a magnetic surface. Floyd & 295%, )&l 7.24

Circuit Theory | Lecture 8-32
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Computer Hard Disks
-6t=CIA3(HDD, hard disk drives)= EFE S 22X J|A&XI0| Lt
-d2E T 20| 2 S= |t (platters) ZH0 XIESEE Yl FEE IS8
- |ete] M2 Hl A4 2& (nonferromagnetic)?! 220|s0(LF S2/0(CH E8t 0] 0]
oosleZ st=ClA3etn E.lCh
- HDDE HX| S0l F2Ude2 L2850 UL, Atxl(crash) EM AGILI ES = A2H,
M H2SZ wHloloF BtCh
-SIECIAT9 AHE2 1 QX — 5% 00X AJIJF Y2011, QIAIE PCHIAE 312 XD}
B0l 40|11, 3E PCOIM= 2Y2 21X| HDDDJ} 0] MQICE,
- HSl @E HDD = Winchester drives £ AIE8tC}. Winchester = 30-30 Winchester
rifle 2 26 |SAUAULHL
-1960E L IBM ADF HIZEH D& XIJF 30 MBE= 11& Ol0IE 0|1 30 MB= accessible
data 0|01 Al 30-30 Ol2t= 010t ASEACH

niR

=]

Circuit Theory | Lecture 8-33

- A 3.5-in. hard disk drive with a
capacity of 17.2 GB and an
average search time of 9 ms.

. | vﬂ'fif‘_’" Ferromagnetic
. Read/Writ [ Shaft
head ' “Control

- Disk drive with voice coil
and ferromagnetic arm.

From Boylestad, 460 -464 =

Circuit Theory | Lecture 8-34
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Writing

- Hard disk storage using a
U-shaped electromagnet
write head.

— E— ,
,/ . d |;

Track width Ferromagnetic surface
[ ——"
- SIN—SI

0

Disk motion

- track £= cylinder ct= 38 A0 JI=.
-0ICI10{ = ferrommagnetic {0110 0] 218 &4 nm 8] 0|2 3SJ EO0IHA |2,
-Areal denity : 1950 CH 2 kbits/in2 , & X{ 4 Gbits/in2-
JIEQ A= MRE EHM IHES UE0A 0l &2 0ICIN0 JISot= A 0ICH
From Boylestad, 460 -464 =

Circuit Theory | Lecture 8-35

T Reading !

- Reading the information off a hard disk using a U-shaped electromagnet.
-Reading? & 2|= Faraday’s law O|Cl.
- &2 HEoL o ®™ Meto] LAYSHCE Bigtote RHES| ghakol Tt Mo 28It 2 H.
-1970=CHO| S 28 A IBM AlD} 6l £ thin film inductive head 2 X X.
-3J1E 2.5 mm x 0.5 mm 2 £0{ Al seek time £ 100 ms 0lAl 6 —8 ms 2 =L
-@E PC2HDD 3|& £T = 3,600 rpm0l, CIA3 9 =0/l= 127 nm, 2t E&9|
Hd=T= 60 km/h OICL &= CIAE EF6HAl &=L
-Z| 20l = GMR(giant megnetoresistive) head £ AlI=.
-MEel Hatoll mek e B3, 300 VLK 24, J1&ES 2 -3 e om Boylestad, 460 -464 =

Circuit Theory | Lecture 8-36
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Magneto-Optical Disks

Basic concept of the

magneto-optical disk. (b)71=: DEA HOINE RA2E
EPEL W N e
A AR X YES HHRCH

Floyd & 296%, O& 7.25

Magneti

28000000000¢

o =

Spot is heated by

(d) A7: W70l D= ¥
domz gsn @zl |
"""" gae voz Nk el |
Larpower RIIF SEE B2, V]
laser beam S
A NN S ‘
000000000
N (c) HS: M= HI0IXIS K01 Ol £
B BrAIGHE B2l BRSO #5601 0l -«

8 dAHZ 2XISLCH

Circuit Theory |

Lecture 8-37

Magnetic Field Intensity

Cross-sectional area (A)

Flux (@)
=l -2
= A

Number of Ve
| Ili}l i | H =_m

core material

()

1
Reluctance of | } ‘
|

Parameter that determine the magnetic field °

intensity ( H ) and the flux density ( B ).
Floyd & 297% & 7.26

Circuit Theory |

22 JFJ0 23K A

I X+ (2w #7) O A8kt
JIXE L XAIIME SOl 2ol
AI1ES HIDI(H) o Z2EEICH

5& H-dl = j J-ds
C S
N2 S L= E9 s
U= XJIES HIJIS &H=
HE AE&)ZE E8 S

B=uH

24, 4 22 U 2H =B
— H curve 2 LIEF{EICE

Lecture 8-38
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Magnetic Hysteresis

B B

A 4 Saturation

? = H |.

B A
A

f - i H 0

Retentivity — Be /
(Ex}g) . BSat Saturation Y-8

H

B -2 ENE @Ry,

JlAAT el

-B—H curve 2

B E(2AH28)0] RS2
S6k= L XIE 20l.

A
—
Y

- Ze wns: DR
Sl ol R EEBEEL L
-8 &JI B—H curve g
Y-B BHEQ nJ 7S AlY

Develop of a gnetic hysteresis (B - H ) curve.
Floyd ® 298% & 7.27

Circuit Theory |

Ol Xl =& 20l.
H, (coercity) : EX+3

Lecture 8-39

Delay between Computer and Printer (I)

- Computer? printerAt0|2 ¢S ME
g 2= O8(b)2 20| = £ AUCH

- 45 = RG58 =% JH0IEL Z2 &S
HOo=2 HMLED Ol RCEZZ & #= U

-0ESY R=reL, r=0.54Q/m
C=ceL , c=88pF/m

(a) A printer Connected to a laptop computer

ANV 0

|"<_ . _)1 R L
Circuit 1 Circuit 2 c _— V—b
driver receiver v l
a
L 4 O

(b) Two circuits connected by a cable

Circuit Theory |

L

(c) An equivalent circuits

Lecture 8-40
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Delay between Computer and Printer (II)

-0l 328 CXE 3l22t1 5tH v,= TTL (transistor-transistor logic)3| 20| A = 2.4

V(Vorr 172 0.4 V(V,,, '0")2 0| HHALH

- 010l Wt vy= JRID 20 X4 B4HO2 HIF = v, = 2.0 V(V,,) 014018 ‘1’2, 0.8
V(V,) 0151012 ‘0’22 =Ch v, 7t 0.8 VOIA 2.0 VY TS ‘0'Y 45, '1'Y & UCh

vi1) ;
v valt)

Vi o i i i s

Voltage that occur during a transition
from a logic 0 to a logic 1.

Circuit Theory |

- JRO0IA v= 4, 010 ‘170l 2= v,
ot ASIFB AlZHt, 2SE t, BRI CIXI
€ 3129 XA S BT

At=t, —t,
- 12/ ®, RG58 SE3 0128 MSHH A

NSHAIZLE 2 ns 0IGHZ Gt S 0122
Z 0l 20t= olof st=o1?

Lecture 8-41

Delay between Computer and Printer (III)
-NE8= 7=RC=0.54-/x88x107".¢ =47.52¢*x107"

-8 Vy () =Vou + Vo —Vor Je ™"

-4t NZHOIS2 et v,
—At/
Viu =Vou + Vo —Vou)e ™"

vir)

Ve -

Voltage that occur during a transition
from a logic 0 to a logic 1.

Circuit Theory |

47.520° x107™ =

Vg —Vou )/(VOL —Vou) = e
IN[(Viyy —Vo )/ VoL —Vou)1=—At/z

—At

o In[(le _VOH )/(VOL _VOH )]

-2x10°°

T In[(2.0-2.4)/(0.4-2.4)]

- 1

£=511m

c /v,
V, l
L O

Lecture 8-42
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