Electric Energy Storage Devices
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Charging of Capacitors

(a) Neutral capacitor

Dielectric

(b) When connected to a
voltage source, electrons
flow from plate A to pate
B as the capacitor
charges.
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(c) After the
capacitor charge to
V;, no electrons flow.
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(d) Ideally, the capacitor
retains charge when
disconnected from the

' | voltage source.

Illustration of a
capacitor storing charge.
Floyd 3 375% & 9.2
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Capacitance
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Displacement Current and Capacitor Current
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Capacitor Current

o2 I &9 22 FolElh.
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Lecture 7-5
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Stored Energy
StCt.

dv

- Capacitor= M52 EEHZ U XIS MESHIIE ot HESIIIE
p=v-i=v-C—
dt

W :le2
2

dW = Cvdv
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0ll 4 XI € Capacitor2%

Capacitor EJJ} v, 0l 2H 210l v.2| A2t B30 2501 M2t YEol HHE2

p=v.i=v,(-i;) : negative
e

P =v.i_: positive
0l 4 XI & Capacitor0il X &
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Capacitances in Series and Parallel

y Vo v v=vitvty, AZ0ISZ2 dRE 25 8.
+ g—+ 2— +V3
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i Cc C, G dt dt dt
. d d 1 1 1.
U %jl‘ ﬂio'llkl IICeq VC :Ceqwzceq(i-‘_i‘Fi)l
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+
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Relative Permittivity and Dielectric Strength

-0 B= S &3 A012 FHE - Dielectric strength.
- &2 A0l SRFXY RS0 &= - REAE=E JIIHQ SN HL 5 U=
3. BHHIOI AS.
A A - It MeYol2tnE &,
C=c—=¢5,6, — o o
d r d -1 mil =1/1000 in = 0.0254 mm

Relative permittivity (dielectric constant) of Table 10.2 Dielectric strength of some dielectric materials

various dielectrics. Boylestad # 382% H 10.2
Boylestad 2 381% X 10.1

Dielectric Strength

Dielectric € (Average Values) -

— (Average Value), in
Vacuum 1.0 Dielectric Volts/Mil (&)
Air 1.0006
Teflon 20 Air 75 (1.0006)
Paper, paraffined 2.5 Barium-strontiun
Rubber 3.0 fitanite (ceramic) 75 (7500)
Transformer oil 40 Porcelain 200 6.0)
Mica 5.0 Transformer oil 400 (4.0)
Porcelain 6.0 Bakelite 400 (7.0)
Bakelite 7.0 Rubber 700 (3.0)
Glass 1.5 Paper, paraffined 1300 (2.5)
Distilled water 80.0 Teflon 1500 (2.0
Barium-strontium Glass 3000 (7.5)

titanite (ceramic) 7500.0 Mica 5000 (5.0)
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Leakage Current

- It Mekoll CHOHE TR Xt Xt S5 el JHE stCt.
-dHZ2E KA U S=S0IL REX LIS &2 21510 T A0 012] &l
& As dX= EME

- &= 20 M0l el AR MXsE SEL

- OINE & HRE 0PI I
o4

-0l &4 R& 01F HOLH UiEE2
SEU M= SAIECH L AN——
- iS22 D213 201 100 MO o g @ Ruentage
S Yy s LU Bt i(

o |
- Electrolytic type capacitor & &<, T /[
S 8= 30
SHENMAED S S22 . Wy
HFO0| BOXSH A= A AR S5

Z oo == S LB

Demonstrating the effect of the leakage current
Boylestad 2 383% 1& 10.9
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Fixed Capacitors — Mica

- Mica, ceramic, electrolytic, tantalum and polyester film capacitors

-Mica : @& Bt AS A 25D, D WY S0 HE.
S BBE O RO (R £ 2 1000 MQ).

- Mica capacitors = i 4= pF Ol A 200 pF JDtX| A0|1, M2

-Temperature coefficient :
-Dielectric constant : 5.

-20 ppm/°C ~ +100 ppm/°C

Foil
 Mica
Foil e
Mica
Foil
Mica
Foal

(a) Stacked layer arrangement (b) La

wyers are pressed together

and encapsulated.
Construction of a typical radial-lead mica capacitor

Floyd & 381% 12 9.8
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100V #@&O0ICH

N,
4

L
- N
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=y
Mica capacitors

(Courtesy of Custom Electronics Inc.)
Boylestad # 384% 1& 10.11
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Fixed Capacitors — Ceramic Capacitors (1)

- okgel =M 20l = IHKI HENDF UL
- S8 RS OFF BT Ry = 2 1000 MQ), HE2 DE 320 AR
- CHOH % pF Ol 2,000 pF JHXI 0|1, M+ 5,000 V B E0ICH

Dipped Lead wire

phenolic coating soldered to

A ceramic disc capacitors clectrode pickup
Q D and its construction /
_ Floyd 24 382% 1& 9.9

Lead wire soldered
to silver electrode

~ Electrode
/ \
/ et
Ceramic Metal pickug
dielectric electrodes
!
o (Alternately deposited laye

3 cerami: : e
Dipped phenolic coating et 2des fired into a

Ceramic i R block
diclectric Silver electrodes deposited on e B o e
top and botom of ceramiie disk— Multilayer, radial-lead ceramic capacitor
(b) Boylestad & 385% 1@ 10.13
Circuit Theory | Lecture 7-11

Fixed Capacitors — Ceramic Capacitors (11)

Solder
Ceramic
dielectric

Electrode

| Lead wire

-
Molded case

Solder

(a) Typical capacitors (b) Construction view

Examples of ceramic capacitors
Floyd 2 382% & 9.10
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Fixed Capacitors — Ceramic Capacitors (11)

— Monolithic (single-structure) chip capacitors as shown in Fig. (a).
- Microstrip (strip-line) circuitry as shown in Fig. (b)

Copper (barrier layer)

\ Ceramic
dielectric
Electrode \

Monolithic

chips

Construction view of a typical ceramic chip used

for surface mounting on printed circuit boards. o . . i
Floyd ™ 382% 18 9.11 MOnO|IthIC_ChIp capacitors (Courtesy of Vitramon, Inc.)
Boylestad # 385% & 10.14
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Fixed Capacitors — Electrolytic Capacitors (I)

-2 mF OlAd =& mF XIS SE0 Jt& &0l AHEE L
-gtEtsto 2= FOMOIXILHCIE o2 = EHAl.
-T2 EHF S0 AEED, B2 A2 LNTE SIS0 AEE
Ct.

- DC working voltage : ZAl2t O & Xl &0 QI0tE %
Us AF de

- Surge voltage : 2 Al2H0ll 21018 £ /= =0 &
- S ERE OB 3D (R = & 1 MQ),

TUFE L. |+
- O 2= puF Ol =& uF DEXI A0122, S&

&2 500 vV X O0ICH |
= Electrolytic capacitors:

ﬁ (a) Radial lead with extended endurance rating of 2000 h at 85 C.
~3 Capacitance range: 0.1-15,000 pF with a voltage range of 6.3 to
ﬁ 250 WV dc (Courtesy of Illinois Capacitor, Inc.)
b H ‘ ‘ (b) Solid aluminum electrolytic capacitors available on axial, resin-
a . ‘ . dipped, and surface-mount configurations to withstand harsh

environmental conditions (Courtesy of Philips Components, Inc.)
Boylestad # 386% & 10.15
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Fixed Capacitors — Electrolytic Capacitors (11)

| il

Aluminum

plate (b) Typical radial-lead electrolytics
+_|F
() Construction view of an axial-lead electrolytic capacitor (c) Symbol for an electrolytic
capacitor
Examples of electrolytic capacitors
Floyd  384%, & 9.14
Circuit Theory | Lecture 7-15

Fixed Capacitors — Tantalum Capacitors

- & JIXl H : solid 2 wet-slug.

- 1l =& tantalum powderE A28 = 3SE2Z AN &=L

- &322 lead wireE A2 20 &=L

-TPXES I AHNA 12 AZ(L20M Z= N) SI6A G248 (2EH)22 SHELL
-OE40 &8 20g EHA0 H&CH

-4 S0 €0 gF2 45HA2ZH(MNO,) 20l T34 22 20 40

-solid tantalum capacitor & SSJ| 9I5t0 &H5t22E otk S= ALOI0 MoiE2 2 D0A =SS Al2ICHL

-4 8% (wet acid)2 €2 wet-slug tantalum -, ., Mn(), coat :
capacitor Jt &l Ct. Tantalum pentoxide Q{( Carbon
Sintered tantalum i Viees ~ ; Solder

pellet (anode)

Tanwlum
Dipped epoxy coating e

Lead wir
Nickel lead ol ‘ =
(positive) Nickel lead = %
(negative Anode ( +)
tC:r:]tZIILurgt:acl):c\:ri\thcijtf: i;ygflzcitacl)r tear drop” shaped Tantalum capacitor (Courtesy of Union Carbide Corp.)
ytic cap Boylestad ® 386% & 10.16

Floyd # 383% 18 9.12
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Fixed Capacitors — Polyester-film Capacitors

-5 35 90| BHS(0E Y9, Mylar®)E 22l5 0 UCH

-3t 38 FEBE0IL SFH MY2 20l dataE QI M StHCY.

- Jedl, 3J19t #2H color coding £ StCH.

- 22 O(band)Jt HIZ & 3 240l HZE lead I B0 AME O UL

-0l TIOll JINH2 lead It L2 M0l HZE 010k SHC

- WRE OFF B (R, = 2 1000 MQ), HF 2t nE 3|20 AHZSHCH

- Axial lead variety & 0.1 uF Ol Al 18 pF DXl ALE& 1D, SZ 22 630 V DXl OICH.
- Radial lead variety = 0.01 pF OlAl 10 pFIIXl AFEEI D, S M 22 1,000 V HHXI

Lead connected Lead connected
to outer foil

Inner foil ___

Plastic film __ ==
Outer foil ——
Basic construction of axial-lead tubular Polyester-film capacitors: (.a) .axial Iea.d; (b) radial
plastic-film dielectric capacitors lead (Courtes;i of IIIQOls:apa(:ltor, Inc.)
Floyd & 383% 12 9.12 Boylestad & 387% 1@ 10.18
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Examples - Plastic-film Capacitors

(a) Typical capacitors

S Outer wrap of

polyvester film

/ Capacitor section
’ (alternate strips of
| i film dielectric and
A i A
| : It foil electrodes rolled
LAER ol ]
o Ill I mto cvlimdrical shape)
L ol sgchion s
ic-fi ; Solder-coated end assures that all turns
Examples of plastic-film capacitors : .
Floyd 2 383% 12 9.13 of electrode are positively contacted
= Z 89
(b)) Construction view

Circuit Theory | Lecture 7-18




Color Coding of Molded Tubular Capacitors (pF)

Color coding of molded tubular capacitors (picofarads)
Boylestad & 1206% Appendix D

Significant Decimal Tolerance
Color Figure Multiplier +%
Black 0 1 20
Brown 1 10 —
Red 2 100 o — 15t | Capacitance
Orange 3 1000 30 ang, | [ FE in pF
gure
Yellow 4 10,000 40 =
Green 5 10° 5 [ Multipler
Blue 6 10° —
Violet 7 - — — —
Gray 8 — —
White 9 = 10 Tolerance j J T
r \
Note: Voltage rating is identified by a single-digit number Voltage 1st ‘
for ratings up to 900V and a two-digit number above ‘]E-;I“"‘"*_”" 2nd —
900V. Two zeros follow the voltage figure. s : :
(If required)
Boylestad # 1206% Appendix D Fig. D.1
Circuit Theory | Lecture 7-19

Variable Capacitors
- BHE0l Z710ICH CHIH 300 pF 0I5t
-J8 ()= 0= E= &= A g geldt= "E0ICH
-8 (b)= 0 2= &= 2 H2IE €eldh= EEH0IC

I Variable air capacitors Trimmer capacitors
Boylestad # 387% 118 10.19 Floyd # 385% 18 9.17
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Measurement and Testing

- Capacitance meter & 34 & 12d6tH SJF &L

- ST 23l H A=K (58], BOIL electrolytic capacitors)S| M E&
MNEH=Z SFSHC

-SEMIITHAULRACH BHHO! LA A AEHOI ZHOHRICE

- 2EO| UHES A2 = NEHS HIHAIEHS 2ol CHOHA SAEHCE.

- 240l A= HIMAEHS 2L, 2S4S DNHGIH S S

-EHO0l IUEACIH 0 QUIA = QN T2l Has B 2A0ICH

Digital reading capacitance meter.
(Courtesy of BK PRECISION,
Maxtec International Corp.)

Floyd # 385% & 9.18

SEE

O+
Ol

Checking the dielectric of an %

electrolytic capacitor.
Boylestad # 388% & 10.21
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Standard Values and Marking Schemes
-BE U2 NEL 22 3tS AISEtCL
- 0.1 uF, 0.15 pF, 0.22 pF, 0.22 pF, 0.47 pF, 0.68 uF S E= 3t S AR SHCE

Marking Schemes
-ENEE YN GIE X, ER60H 20 SFH A
&S DBt
-IHIHAIE S 30101 & E& gtS 2| 0I8tL.
- &2 A2 pF HRA0(1, 2 NS pF SDAE £L.
-2 A@EFEHs 2SS 2 BHoll JE2x) =
SHEAT 20| OIS
-2 NS pF EHAZ D10l =0 U, EE2Z S
E2XE HAIECL
-M:+20,K:+£10,J:+£5,F:+1%.
- 20 K : 20 pF £ 10 %, 200 nJ : 200 nF + 5 %.
- 2ol = X2l =Xh= 3IIE, MEM X2le =Xtes
109 HZ42 20I8CHS8 : 0.01, 9: 0.1 2 2l0l).
-223F:22x103pF£1%,339M:33x0.1

p|: + 20 %6. Various marking schemes for small capacitors.
Boylestad # 389% 1& 10.23

=

(c) (d)

Circuit Theory | Lecture 7-22
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Summary of Capacitive Elements (1)

Tipe: Miniature Axial Electrolytic
Typical Values: 0.1 pF 1o 15,000 uF
Typical Voltage Range: 5V 10 450V
Capacitor tolerance: +20%
Applications: Polarized, used in DC
power supplies, bypass filters, DC
blocking.

Type: Miniature Radial Electrolyte
Typical Values: (0.1 pF 1o 15,000 uF
Tipical Voltage Range: 5V w0 450V
Capacitor tolerance: +20%
Applications: Polarized, used in DC
power supplies, bypass filters, DC
blocking.

Type: Ceramic Disc

Typical Values: 10 pF 1o 0.047 uF
Iypical Voltage Range: 100V 106 kV
Capacitor tolerance: +3%, £10%
Applications: Non-polarized, NPO
type, stable for a wide range of
lemperatures. Used in oscillators, noise
filters, circuit coupling, tank circuits.

Circuit Theory |

Type: Silver Mica
Typical Value: 10 pF 1o 0.001 uF
Typical Voltage Range: 50V to 500V

Capacitor tolerance: +5%

Applications: Non-polarized, used in

oscillators, in circuits that require a
stable component over a range of
temperatures and voltages,

Type: Mylar Paper

Typical Value: 0.001 pF to 0.68 uF
Typical Voltage Range: 50V 10 600V
Capacitor tolerance: +22%
Applications: Non-polarized, used in
all types of circuits, moisture resistant

Type: AC/DC Motor Run

Typical Valwe: 0.25 uF 1o 1200 uF
Typical Voltage Range: 240V 10 660 V
Capacitor tolerance: £10%
Applications: Non-polarized, used in
motor run-start, high-intensity lighting
supplies, AC noise filtering.

Boylestad & 389% & 10.22

Lecture 7-23

Summary of Capacitive Elements (I1)

Type: Dipped Tantalum (solid and wet)
Typical Values: 0.047 uF 10 470 uF
Typical Voltage Range: 6.3V 1050V
Capacitor tolerance: +10%, £20%
Applications: Polarized, low le
current, used in power supplies, hig
frequency noise filters, bypass filter.

Type: Surface Mount Type (SMT)
Typical Values: 10 pF to 10uF

Typical Voltage Range: 6.3V 10 16V
Capacitor tolerance: £10%
Applications: Polarized and non-
polarized, used in all types of circuits,
requires & minimum amount of PC
board real estate

Circuit Theory |

Type: Trimmer Variable

Typical Valwe: 1.5 pF to 600 pF
Typical Voltage Range: 5V 1o 100V
Capacitor tolerance: £10%
Applications: Non-polarized, used in
oscillators, tuning circuits, AC filters

Type: Tuning variable

Typical Value: 10 pF 1o 600 pF
pical Voltage Range: SV 10 100V
Capacitor tolerance: +10%
Applications: Non-polarized, used in
oscillators, radio tuning circuit,

Boylestad & 389% & 10.22

Lecture 7-24
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Inductance._ HF2 Mw

J

777717797777

MetA, i B 220 4= & Hu 52
Hu IE2 dFA AR B2 &

deve | _di_oAdi

—_——_——t—
dt o ot oOx ot

U= 'OIEJI"*OE

L(x)— ix

Circuit Theory |

di dLO)dX  (gose s @e, 52 OIZHAE ).

nductance
Ao AAHE HllF= A

}'i

i, (Oln} j2lol HFE %)
nJiel 2Ol /1, 2 LU EF It EE
Ch L= 8l 220l 8% iJt SE M i

M2 SRl 4= I}”‘(:tHj £)0l 4
Ol04, Ol 2HE LIEHH 2 ACH

Y L ormn.
j=1
=2(i,x) JtECh

&=
+ A0IA
i oAox  JrED

180I2t2 A =L(X)i OIOIA

dt

Lecture 7-25

- AN P& L2 Ind
o E0 M0l T

(a) Toriodal inductor
slug th:

Circuit Theory |

— Inductor? 2Z= SHE &

— Faraday?] &%t & g3 - -
Y VxE=-——

—Co)
=
. i’

(b) Coil with an iron-oxide

in or out to adjust the
inductance

Inductor Voltage (1)

£ 20t =1 1 JI20I0l &4 =22 €0l =2 7 0ICh

=
uctor0l 22l= (4J1=) ML0ICH 028, HET = =X

ohe OIRE PRI

TTL— T A

ot .
LS LYAIIIE AS 20IBICH liL
R0I2te v, 2 FOICH L
Vi
mF FR0I24P v, 2 HO| OfLICH,

(c) Inductor with a laminated

at can be screwed iron core

Lecture 7-26
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Inductor Voltage (11)

- DYUO| AHH LMGHE U2 YEINO 2 T IHO| &2 §oZ FOHLH.
VL3, L0 dx
dt dx dt
- Ml 282 20| SROA 2 DL A0 H2lJt AIZHE o2 BIGHAHLE 2ol g4t
0l Hot)| M0 LA4dt= &0ICH &I JHUHAM= 0l 20| HO&ICH
- 3|2 0|20 A CtRE Inductore 20| DHENH JASSZ H 282 &4 HOICH

di
vL:Ld—tL L: &% (H)
- Inductor0fl 2= 88 i= Inductor ¥ Zels Yo 2N S22 SEC

: . 1 . 1t :
v l i “di, = vadt , 'L(t):EJ.tUVLdH'(tO)

i(ty)e =21 (t=t,) 0l Inductor0il 32& HFO0ICH.
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Stored Energy
- Inductore A52 EEIZ U AIE MESHIIE 6td YE6HII T 8

p=Vvi= Lﬂi
dt 1
dw =Lidi, W =5Li2
-0l 58
Inductor ®H0| i, S| £SOl ZAHOI i, Al BSES RS0 Dt e
Ol HFAS2 UKt AX2 SOIPIIE 6t LIS BHCH,

¥
Vi T i|_
p=v,i, :positive p=v,i=v,(-i) : negative
HUEXIE Inductortll H& LI XIE Inductor22H Y&
Circuit Theory | Lecture 7-28
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Inductances in Series and Parallel
V -

+
T I V=V, +V,+V; =mzoozdzs 25 2s.
——MM—Tr—r— -
; SIS Z20A di di di
! Ly L Ly Vi=h—, V,=L,—, V=L,
U ; dt dt dt
di di
. v V:Lqu:(Ll-’_LZ-’_LB)E
i
i Leq Leq =L +L,+L,
e L T 1 i=i +i,+i, w=oo=zagyo s,
LAt i, i
v L, L, Ls Cotdt Zdt ot
[-S= ﬂzﬂ_‘_d#_'_%:(l_}_l_‘_i)
i + dt dt dt dt L, L, L
| l v St S 20 A
_L di di_ v 1 1 1 1
S e i T BT T
° eq eq 2 3
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Practical Equivalent
- AN oEE = N MHAIEHE JIX D Y= 22 DS
- JziL, X S0 JAHMH= HIHAIEHE S AIS SOIREE ALSEHLH (O’ 12.8).
-JE0M MER2 SEH 3Z S0 ANHM S2st A& S St
-UHR22 SSUHAMMNHAIE= Ol4HOI2tD IR0 E M LS 82 & =~ UL
- JefLt, Ie e M8 nefolloF 6t1, S5l & ; 3
A0 Qate =C) Resistance t_)fl_hc Ifl(}uctamcc of
SR2AQUMN A QT 01D, AES SHI turns of wire coil
JHED 29, X8 U0l HALH ° W=l ==
S|, BAS 0LR AIBSIIIE 51, QISE 240l :
DEEN A= AW #Hatotes 20| UACH JI(

C  Stray capacitance
Complete equivalent model for an inductor.
” i Boylestad ¥ 476% & 12.7
I

. - L R L
Air-core Iron-core  Variable :
(permeability-tuned) Practical equivalent model for an inductor.
Inductor symbols. Boylestad & 476% & 12.9 Boylestad ¥ 476% & 12.8
Circuit Theory | Lecture 7-30
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Various Types of Inductors

fa)

) toroidal power inductor

= (c) molded inductors
-4 pH to 5.6 mH) b

‘surface-mount inductors
(0.1 pH to 10 pH)

on reels (0.1 pH through
1000 pH on 500-piece reels in

() (LY

. " e) toroid filter inductors () air-core inductors
(d) high-current filter (
inductors (24 pH at 60 A to (40pHto SH) (1 to 32 turns) for
500 pH at 15 A) high-frequency
applications

Boylestad # 477% 1& 12.10

46 values) g

Circuit Theory | Lecture 7-31

Typical Areas of Application for Inductive
Elements (1)

Tvpe: RF Chokes
Typical Values: 10 uH to 50 uH
Applications: Used in radio,

Type: Open Core Coil
Typical Values: 3 mH 1o 40 mH

Applications: Used in low-pass

filter circuits. Found in speaker television, and communication

crossover networks circuits. Found in AM, FM, and
UHF circuits

ol Con

Type:

Typical Values: | mH to 30 mH

Applications: Used as ac in A( . )
Fh{{:\'l lines circuits to filter transient :;“"."_' ;:‘."lc‘,“_ ".'I‘ o ; |
and reduce EMI interference. This Jpred alues: 0.1 gH to 100 uH |
ik Applications: | in a wide varicty

coil is found in many electronic of circuit such as oscillaicrs, filters:

appliances pat and filters, and others. }

. lestad # 478% & 12.1
Testing Boy! B 478% 18

-DFAM 202 short o WESHAF, W, 2E L300 2B openOl UL

-Open 2 A MEH=Z EFE 4 YL

- Short 2 g ArZ| S8 4= QICH 2 202 short 012t M &S 30 ZD| I &0IC.
- 2o Mg et £H gtS HI w6l ok StCt.

- A& DOLRSl short 0|2+ E 2t N&E SHSHC

- OIHE &2 LCR meter 2 £&ICL.

Circuit Theory | Lecture 7-32
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Typical Areas of Application for Inductive
Elements (11)

\ Type: Surface Mounted Inductors |EI| L'
:_\P" :‘1'!\; ipae . Typical Values: 0.01uH o 100 uH T
ypical Values: 3 pH1 I -afions: Found in many )
Applications: Used in AC supply 4 i ”‘_. " e .”- [

mululayered PCB f.i‘ J__-

Plasti
Type: Delay i - 1 -
f\ﬂn al Valwes: 10 uH 10 50 uH — e -
Applicaio fincolor =] T

I SSS——

Type: Adj + RF (

circuits such a ‘I\

Type: Cc Muode (
f\pnr.l”r.lhn 0.6
1.,!r;mur4ur\ Used i

tching power supplies, battery

Boylestad & 478% 1@ 12.11

Standard Values
- XEHOILE FHIHAIE 2F 201 EZ B(5, 10 %)= AE8HCH.

-0.1 pH, 0.12 pH, 0.15 pH, 0.18 pH, 0.22 pH, 0.27 pH, 0.33 pH, 0.39 pH, 0.47 pH,
0.56 pH, 0.68 pH, 0.82 pH and 1 mH S.

SO o Typical Values: uH t© 100 @
i ' i;J(rlre ations: Vi ductor
e T Dbl LNy
% % sivers

Circuit Theory | Lecture 7-33

Capacitance and Inductance in DC State

dv di
c ’ VL — L L
dt dt
Capacitor &2 Inductor MR AHE O 2 BIGHX =LA
Capacitor &2} Inductor M2 242t 40| & C.

i =0 when Q&g

. =0 when OL=0
dt

[M2tA, Capacitor= W22, Inductor= ©H&toz TS E L.

T dv di
i Ve _ when — =0
N l when ot 0 N it

Circuit Theory | Lecture 7-34
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Electrical Charges and Magnetic Flux

- Capacitor & 8ol =22 £
HEZENOZ HXIHU FOHA =+~ UL
-0IN2 22HOR EJtsotht

- M2tA, BI20IM ARIZS StH2IE
capacitor 2| 8otz A2 BE
Ol E/0{0F BtCH.

q(07)=¢(0")

- AIE Al capacitor 2| 2t0l BIH X &
=CtH capacitor 2+ 20| H%0| = 0f

- Inductor O] MU XI£E2 =2HXOZ

EHENO2 HXIAHLE ZHOHE =~ 2l
-0 E21HCR ot

- M2tA, SI20lM AR S SlH2IE

inductor 8] MLUXIES AIZIECZ &
Z0l| & 010F BtCH.

A(07) = A(0%)

- AIA Al inductor 9| 2t0| BHM X &
=CHH inductor0ll 2= d&JF HA

OF BHCH. 0l 010k BHC}.
q=0Cv A=Li
~v(07) =v(0") ~i(07) =i(0)
Circuit Theory | Lecture 7-35
Initial Values of RLC Circuits (1)
w2 2i=o| 3|20 A C+S 22 Potet.
o 20 . . dv,(0%)  di (07)
2Q Vi 2A /\}\% IL(O )l Vc (O )l dt ’ Ldt
O
=0 Vo JHE: Q@ AIZE SO AR 12 93 YU,
e
T 05F "I A9z 22 ol Zoz eiEEol YTk 21T,
0
1oV ¢= 0 THX ZANENI SRS ACH
" 2#,=00M Capacitor= H22, Inductor
(o ———o S ooz HaEOZ A% 320} =it
- — M2A, 3l2= RS 43 20| S0
2A . _ .
o o a4 0, (07)=0=i (0%) 0,

i Capacitor A0|2] 82 1 Q X& AHO1<
L

v | ®erm 2T

Vo (07)=-2V=v.(07)

Circuit Theory | Lecture 7-36

18



Initial Values of RLC Circuits (I I)

S22 =00l AR Xl 10] &3112, 29
X2 ELZ HALH AR 2]%‘— Ot

1 t:o_l doF2 840 22 820t &t
Z,HJJACZ2 = 3 2IF PEEX RS

Switch2

Switchl

R . VD EE 2004 e X200 oI5
T Ve (07)=—-2V =v,(0") o=z,
2Q W8 0l 12 VIt 2213, 6 A It BEC
i, (0)=0=i (0") o=z,

O+ ﬂ\ 6 A= BF Capacitorﬁ SECh
t= +
‘ i(0)=c @) _g WO)_6 .5\,
d d 12

20 2A 10 o Q. dt V2
S 0-i,(0) o,
Ve Kok - VLlQHS’Oﬂ H§AA38H0F &1, Capacitor
1ov ‘T P _ o Metol Inductor 0 25 ’E*EIE}.
N di, (07 i (0 —
v (0")=L——+ L(07) =-2 Mziz_gp\/s

dt dt 1

Lecture 7-37

Circuit Theory |

Integrating Amplifier

gaig Mests 32
V, =V,
Node a0l Al KCL H&.
0-v d
*+C; —(0-v,)=0
. dt
dv, v,
dt R,
t

H4 S
& 320l 8.
Bret v (t,)=0 ol
t
v, (t)=— Lvs(t)dt

Circuit Theory | Lecture 7-38




Differentiating Amplifier

Node alil Al KCL H=.

d 0—v
C—0O-vy)+ =0
AU A=
dv, Vo _
dt RC
A differentiator implemented dv,
\ _ e v (t)=—RC—=
using an operational amplifier o dt

Circuit Theory | Lecture 7-39

Integrator and Voltage-controlled Switch (1)

- "E2I9 MYKOI AKX L. il Y sin
¢ in 0
v, = K- [Py (@)dt+v, (t,) '
Y Control i
- 21210l Z& FH0I2HR! Ok 2CH voltage *c(!

v, (t,) =K (t,-t) -V, +v,(t,)

_@IEOZ ASIX MOIEYS THHA
ERIES
~ A2t 26242 EA 5 ms 0IA T 200 ; T

ms Xl ZE0| Jts.
1117

SAB s RE | . .

Q) EF2% e :
o—] —o<:|—|

(2) 1pF, 0.2 pF, 0.1 uF capacitor.
(3) Op amp. _ Integrator
(4)+15V/-15V &EH. '
(5) 1 kQ, 10 kQ, 100 kQ It K& I is lam
(6) voltage-controlled SPST switch. =

Circuit Theory | Lecture 7-40
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Integrator and Voltage-controlled Switch (11)

-1, 0lH &3 M0l S0oI2tD JHE.
- Z0 Al 222 M 10V oL E30| EEF €.

10V
v (t)=—(, -t
() =00~ —t)
-9 FA0|5VOI2Z K B HE 4 UCH
K.V, = 10V = K:101
200 ms S

- Op amp& AIE5I0 HE2J| &7

1 ty
V() =— o ] v Odt=-10(t, -t) V,

-HIHAIEIZ 1 wF2 BBICH
i:10 = R:i:lOOkQ
RC 10C

v, (t) = -50(t, —t,) V

C
") W
—C 1'0{ 1)

—oXo—

Circuit Theory |
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