Electric Energy Storage Devices

Battery

— Capacitoret inductor“ JIECI O XIE M&ESt= &AL,
- A= d3otE S&otH HHXIE M E.
- OlE = X522 S&ol HHXIE HE.
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Charging of Capacitors g whencomectedtoa

— voltage source, electrons
'| flow from plate A to pate
B as the capacitor

(a) Neutral capacitor

ﬁ Dielectric

Leads ~ | charges.
-—— Plates | 0—0— )
: =]
b4 ‘B
B B @
e Electrons = 9—*9—*9) )
A B
E 4 ‘r"g-,- - (d) Ideally, the capacitor

(c) After the
capacitor charge to
V., no electrons flow.

retains charge when
disconnected from the
voltage source.

o

Illustration of a
capacitor storing charge.
Floyd # 375% _1& 9.2
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Capacitance

— Capacitance= &olet Mol A E Holl== H 2.

o——_ O C.= 4i
Vi g 1xj . iy (01l velol Mete )
—S w1 N ERIDFUD JIE SHO A 2
M T SHIL v, HAS 2D AUCH C= B &
v |~ =x HOI F L0l v,2 A T BR SXI0 A7)
= 9%%% = ®50t q,O|D=|n Ol S LIEID UCH
IH2HA, MOl 41 & Taks A, =2, Cyviot =

-loI-I'I

%10 B2 & & QUOIA q(v.x) It EICH

i_dq _8q 8v+aq ax o 5D
dt ov ot ax ot -
M2t 2E0| MI|FHO2 HE0[2+H q=C(x)v 0|0 Al

_ C(x) dv y dC (x) dx
dt dx dt

(Ml 2gt2 £ 8T, 3lZ20I1B0HAM=E &) .
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Displacement Current and Capacitor Current

2 0IC

- Capacitor? X = &= ALOI0fl &
& MFOICH 1HH EHXME SollA

- 20N et MF= Capacitorlll =2
Ols= fAe101?

o =2E(FdA, FEE)=S NH E=

= HFRISEE=
o =7 . 9(&E)

- Amperel| Sdl &2 VxH=J¢+— —

- =0l 2o XHAHDF 42T
280l B9 d=FE 2

- BRUA vt BR
HRA0I2HH MRE
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Capacitor Current

HNOZE £ I &2 gz o=

-HM2 20 S22 MR Y
|:C(x)d—v+de(X) ax
dt dx dt
ol

- M 2&t2 8=0l SAH0HA 8= ALOI2] HEDt AlZIAE2=2 Blot HLE 8=2 €2af0] B

gdiol= &0ICE &EIDIAHNAM= Olel 20| EX AL

J 20
- 3|2 0|2UIM Ct: &= Capacitore &=20] DEZH JALSZ Ml 282 &4 HO|LCH.
dv
,=C dtc C : 2t==(Farads)
CHll Hele g9 UM S22 sEH

- Capacitorlil 2= 8% i Capacitor 2t

O ek BH = A 0] OtL 2t v 2] AlZF BHat=2l £=01 Mt bt

‘ dv = Sidt v () == ["idtsvt
+ _ VC_EIC ’Vc()_Etolc +V(O)

v(t,)= = (t=1t,) 0l Capacitor0fl Z&! & 0ILCH.
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Stored Energy

- Capacitore= &6t2 gtz OIUXIE M&EGH) | ot ZHESH)| T 8t
dv
p=v-i=v-C —
dt .
dW =Cvdv , W :ECV2
-0lHXIe 58

Capacitor &FJt v 0l 2tH 80| v, 2| Al2H &

WU XD AXtZ2 SH I IE ot 2 LD & st
o,

stE2 250 Met ZE0l HHHEZ
Ch.

—

+
Vv ’\l I V, T I

o

p =v.i=v.(-i;) : negative
HIUH XIE CapacitorEFH &=

p =v.i,: positive
HlH XIE Capacitortl X &
S T—
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Capacitances in Series and Parallel

vvtyty, HE80|22 dFs 25 E8.

+V3_
H oMt v

c, C G dt dt ° dt
U o szl i=C, dv, =Ceqd(V1+V2+V3)=Ceq(1 N 1 N 1)i
L Ve _ dt dt C, C, C,
0-3 I( C 1 1 1 1
i C =~ Tt
eq Cq C C, G
c - - - - - - -
+ |1 |2 |3 I - Il + |2 + |3
: TCl ‘TG waooz mgo o5 2s.
o : dv dv dv dv
1=C,—+C,—+C,—=(C,+C, +C;)—
_T_U Ydt Zdt Cdt C+C, 3)dt
+
: dv dv
: Sots | = ==(C,+C,+C;)—
Ceql‘l’cl' =3I 200 M a g (GGGl
5 G =C+C, +Cy
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Relative Permittivity and Dielectric Strength

-0l E= & 8= M08 3d S - Dielectric strength.
- M2 A0l REMC RSN &2 - SEHE MIIHQ S| ALY £ Y=
=4 S US.
A A - Tt MtolgtnE &
C= EF: &0y 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 ® 381% X 10.1

Dielectric Strength

Dielectric ¢, (Average Values) - ;
(Average Value), in

Vacuum 1.0 Dielectric Volts/Mil ()
Air 1.0006 ]
leflon 2.0 Adr 13 (1.0006)
Paper, paraffined 2.5 Barium-strontium
Rubber 3.0 titanite {ceramic) 15 {(7300)
lransformer oil 4.0 Porcelain 200 (6.0)
Mica 50 Transformer oil 400 (4.0)
Porcelain 6.0 Bakelite 400 (7.0)
Bakelite 7.0 Rubber 700 (3.0)
Glass 7.5 Paper, paraffined 1300 (2.5)
Distilled water 80.0 Teflon 1500 (2.00
Barium-strontiom Glass 3000 {75}

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

0%
o
m)

— Ity M0 CHOHE MK Kt A2l s &2 8lthd Jt
Al

- a2 S8 e S==20IU S&X el &2 2ot It &0l 0127 &l
& s 8 X= EMEtC.
- &2 2HH M0l 22N Xem ke SEU
- 01242 +4 MRS 0PI (
c

-0 4 8] = 0= HOtM R =<
SE0WA= S AIStLY. AN
- EH_?__E j.elﬁl ﬂl- éOI 100 MQ 9—' I-I 6OI- {1'” R|E-‘:L:L¥L
S ggz dZst 2E2 = sl E{

+ "
- Electrolytic type capacitor 2| 32, ]/ //
SH ®MRs W 3L 4 7/
_EWE WHAIED 28 s|222H . Wy
HEO0| BOHANH M3 2t 8RO SEL
Z QIo =% SO & StHL

Demonstrating the effect of the leakage current
Boylestad ® 383% _1& 10.9

T
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Fixed Capacitors — Mica

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

- Mica : 2k HEo AEY AN Zdtl, 0 MY S0 HE. —
- 7€ IFRE OFF B (R, = 2 1000 MQ).
- Mica capacitors = HIH %= pF 0l A 200 pF JtXl 20|11, MS 100 V & 0| L.
-Temperature coefficient : -20 ppm/°C —~ +100 ppm/°C
-Dielectric constant : 5.

/I

—

b
2

(Courtesy of Custom Electronics Inc.)
Boylestad # 384% 11& 10.11

(a) Stacked layer arrangement (b) Layers are pressed together

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

Floyd ® 381% 12 9.8
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Fixed Capacitors — Ceramic Capacitors (1)

— ofgHol D& 20| S JFXI HEWIF UCH
-l RS OFE BD (R, = 2 1000 MQ), ZE9 DF 520 AFRSHTH
- tHOH == pF Ol 2,000 pF JHAl M0|11, M2 5,000 V & = O0|C}.

Dipped Lead wire
il Idered to
PRRE ; phenolic coating %0
A ceramic disc capamtors electrode !”L'!’\U]"’
and its construction '
Floyd & 382% ~]& 9.9

_.*‘;Uidg‘]'
g

Lead wire soldered

1o silver electrode

" Electrode
. 5 nckup
Ceramic Metal PICKY]

dielectric electrodes

Solder —— (Alternately deposited layers of
I ceramic dielectric material and
\ metal electrodes fired into a

single homogeneous block)

. - Dipped phenolic coating
Ceramic T
Ll e d -
dielectric Silver electrodes deposited on

ke top and bottom of ceramic disk - Multilayer, radial-lead ceramic capacitor
Boylestad & 385% 1& 10.13

Circuit Theory | Lecture 7-11

(b}



Fixed Capacitors — Ceramic Capacitors (11)

Solder

'KEMET

Ceramic
Ao dielectric
S12BX

104K 200V

E ) 200V 7952
| b

Electrode

| || ' Solder

(a) Typical capacitors (b) Construction view

Examples of ceramic capacitors
Floyd # 382% ~1& 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

2 solder
Electrode

Construction view of a typical ceramic chip used
for surface mounting on printed circuit boards.

Floyd  382% 12 9.11 |\/|0n0|lthIC_ChIp capacitors (Courtesy of Vitramon, Inc.)
Boylestad # 385% 1& 10.14
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Fixed Capacitors — Electrolytic Capacitors (1)

mF OlAl =& mF JtAI2l SE0| JtE 20| ArES= L
detoz= EAMOINE UE e z= TNl
=SS0l ML, B2 A2 WF SS0 AISE

ol

Ja0

==

o

- DC working voltage : A2t Dt & X &1

—
A= XF HeL

b

Ut

AL
L

uall
™
[
[2

- Surge voltage : 2 AlIZ2H0l QIDHE == /U&=
M

N M2 — O

B B — A Tl iy o T Ol'_;lc_ 33 (Rleakage — 1 Q),
I &2 RO

-+
- CHOH 2 pF OIA 2@ pF JHK 201D, S® T
Mete 500 V E 0l

= Electrolytic capacitors:

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

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

Solder-coated brass case

Sprayed metal end
termination

Oxide
dielectric Plastic
x > imsulating cap

Aluminum

Bl (b) Typical radial-lead electrolytics
&
Electrolyte
plate
Glass-to-metal Wire lead - qF
seal terminal
(a) Construction view of an axial-lead electrolytic capacitor {¢) Symbol for an electrolytic

capacitor.

Examples of electrolytic capacitors
Floyd 2 384%, 118 9.14
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Fixed Capacitors — Tantalum Capacitors

JtXl el : solid 2t wet-slug.

= tantalum powderg A28 =338z UM E=L0L

- Y22 lead wireE X220 20 €=CLC.

- 22 A3 AN 12 A2 (W20 2= A) ot AN EaE(ZZEH)LZ

- U&s40l =2 RUg EHRO| &0 &Lt

o

J-Iﬂ

=
rn

t=Lt.

a

- A BHA EEH 2 A2 (MNOZ) 90| k34 =& {0 4= L.
-solid tantalum capacitor & 2tSJ| 216t &t 2t it S= A0 0| MollE2E S 2HA B2 AlIZ2ILL
Wind)

-4 B9 (wet acid)E €28 wet-slug tantalum -, .,
capacitor Jt & LC}. Fantalum pentoxide

S |

Construction view of a typical “tear drop” shaped Tantalum capacitor (Courtesy of Union Carbide Corp.)
tantalum electrolytic capacitor Bovlestad 2 386% 12 10.16
Floyd 2 383% 1& 9.12 OYIEStAC & SEhE —S
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Fixed Capacitors — Polyester-film Capacitors

-5 =5 %0l EHES(MHE &Y, Mylar®) =& 22l 0 UL

-3JJF AU 3 SHO0IL S& MU 2 20l dataE A StL}.

- 1eiLt, 3I1JF £ 2 color coding S ©tLt.

- 32 U(band)Jt U2 & == 20| HE = lead JHH2 Z0 2AAMEH UL

- Ol Wl =2 lead JF E2 &0l HZ 50 0F StLY.

-5 H HMRE OFF 20 (R = 2 1000 MQ), HZ 2 1R 3|20 AHSSHC

- Axial lead variety = 0.1 uF 0IA 18 uF JtXl AI2 &1, & 822 630 V JHAl O Ch.
- Radial lead variety = 0.01 pF 0l A 10 pFIHAl A2 E 1D, & M2 1,000 V DA

Lead connected Lead connected

to outer fol

o inner foil

e |

Inner foil __

Plastic film _ -

QOuter foil —————me

(a) (b)
Polyester-film capacitors: (a) axial lead; (b) radial

lead (Courtesy of Illinois Capacitor, Inc.)
Floyd # 383% 12 9.12 Boylestad % 387% _1& 10.18

Basic construction of axial-lead tubular
plastic-film dielectric capacitors

Circuit Theory | Lecture 7-17



Examples - Plastic-film Capacitors

1 High-purity
fevl electmdes P

x\_\\-\_l:‘."'--._-_ Plastic hilm

B dielectric

(a) Typical capacitors 1
\nt Juter wrap of

polyester film

Capacitor section
“(altermate stnps ol
\ film dielectnic and
Lead wire . :
; fonl electrodes rolled
soldered to
into cylindrical shape)

end of section
o ) Solder-coated end assures that all turns
Examples of plastic-film capacitors
of electrode are [ 15111% l.':I:- contacted

Floyd & 383% 12 9.13
(b)) Construction viesw

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 I 20
Brown 1 10 —_
Red 2 100 —
Orange 3 1000 30
Yellow 4 10,000 40
Green 5 10° 5
Blue 6 10° —
Violet 7 — —
Gray 3 — —
White 9 —- 10

Note: Voltage rating is identified by a single-digit number

for ratings up to 900V and a two-digit number above

900V. Two zeros follow the voltage figure.

Circuit Theory |

st ] Capacitance
nd ( significant in pF
21K -

J hgure

I‘ Mulupher

==
S

' r '
Tolerance - i

-
i

Voltage st < |

significant § , I

'T- 3 2nd
1gure |

(If required)

Boylestad # 1206% Appendix D Fig. D.1
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Variable Capacitors
- @AHSZ0] Z2I|0|Ct. THOH 300 pF Ol at.
-2 ()= 0= B= M2 SRS 92|ots SO
- J2 (b)= 0= B= A2 2+ HEl2 gelots SEHO0ICH

!

1 ¥
|
|

I
' Variable air capacitors
Boylestad # 387% _1& 10.19

Trimmer capacitors
Floyd #{ 385% _1& 9.17
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Measurement and Testing

- Capacitance meter & =4 11HotH S&¢etL.

- SAHIIE 23 A=K (53l, SOILE electrolytic capacitors)2l HE=
MetH =2 S8t

- FAEMO A EJCH HBHLO0| Ltk A KX &0l 2 0F&ICH.

- 2Nl HEES A2 = HEHE HIHAIES L0 CHH A SE St

- =380l Y= HHAIEHS B2, 2 4= efotH HA St

- 0| HUEACHH 0 QUIA = QE LS| Hats 2L HO0|C

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

Floyd Z4 385% “1& 9.18

Checking the dielectric of an
electrolytic capacitor.
Boylestad & 388% 1& 10.21
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Standard Values and Marking Schemes

-HE U2 AU €2 e = AISetL.

- 0.1 pF, 0.15 puF, 0.22 pF, 0.22 pF, 0.47 puF, 0.68 uF S X & &t

Marking Schemes
- HNMES N O X, EROIUEHE X Ss& &
&= J| g etlt.
- IHIHAIELS 3DIDF 3N 2
- &S T pF CF-‘F—IOID_, 2

EIFI—] %l-C DI-OI j|0|o|-[:|.

my
(2
=
Ql
00
o
>
s
Iral
-

X2 22 pF B2 10l H0f YD, Y222 5

ZOXIE HEAISHL.
-M:+£20,K:+10,J: x5, F: £19%0.

-20 K : 20 pF £ 10 %, 200 nJ : 200 nF £ 5 %0.

- &9 & Xel =Xkh= 3INE, MEM Xl 8 =Xt=

102 Hl==€ 2/0/ettt(8: 0.01, 9: 0.1 = 2/0I).

_223F:22x103pF+ 1%, 339M:33x0.1
pF + 20 %.

Circuit Theory |

L)

(c)

200n
]

(b)

)
339M
|

(d)

Various marking schemes for small capacitors.
Boylestad ® 389% _1& 10.23
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Summary of Capacitive Elements (1)

pe: Miniature Axial Electrolytic
Values: 0.1 uF 1o 15,000 uF
Typical Voltage Range: 5V 10 450V

pacitor tolerance: +20%
Applications: Polanzed, used in DC
power supplies, bypass filters, DC
mng.

Type: Miniature Radial Electrolyte
Typical Values: 0.1 uF 1o 15,000 uF
pical Voltage Range: 5V 10450V
or tolerance: +20%
ications: Polarized, used in DC
power supplies, bypass filters, DC
blocking.

Type: Ceramic Disc

Tipical Values: 10 pF 10 0.047 uF
Typical Voltage Range: 100V 1o 6 kV
Capacitor tolerance: +5%, £10%
Applications: Non-polarized, NPO
type, stable for a wide range of
femperutures. 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 1o 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 uF 1o 0.68 uF
Typical Voltage Range: 50V 10 600V
Capacitor tolerance: +22%
Applications: Non-polanized, used n
all types of circuits, moisture resistant.

Type: AC/DC Motor Run

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

Boylestad # 389% _1& 10.22
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Summary of Capacitive Elements (11)

Type: Dipped Tantalum (sohid and wet)
Typical Values: 0.047 uF 10 470 uF
Iypical Voltage Range: 6.3V 1050V
Capacitor tolerance: +10%, £200%
Applications: Polanized, low leakage Capacitor tolerance: +10%

gurrent, used in power supplies, high Applications: Non-polarized, used in
frequency noise filters, bypass filter. oscillators, tuning circuits, AC filters.

Type: Trimmer Variable
Typical Value: 1.5 pF to 600 pF
Typical Voltage Range: 5V to 100V

Type: Tuning vanable

Typical Value: 10 pF to 600 pF
Typical Voltage Range: 5V 10 100V
Capacitor tolerance: £10%
Applications: Non-polanized, used in
oscillators, radio tuning circuit.

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,
reguires a minimum amount of PC
board real estate.

Boylestad # 389% _1& 10.22
o
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Inductance

- Inductance= 8 F 2 MW X=uo 2HE FHolF= H=.

ChekA, i HA 220] 28D

M HES BRt AR sa2

b

A

1l

L

i, (olm iglel MRE &)
nJfel 20l UD, 2% AN BRIt B2
Ch L= j B 220l B8 iJt 58 [ i#
T DY SR M0l RkS(M 1 R)0l 4,
OITH, O S LIEHHD ULk

n

gze A=) L, yan
i=1
% UOIA Jz:z(i,x) b=

HO p= di 04 0I  OA OX D) =)
V=—= +

dt & ot

DUA STO| MO HH0I2t A =L(x)i OI0IA
v =L(x) di ALX)OX  (mozte 2= @e, sz ol20AE ).

dt dx dt

Circuit Theory |
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Inductor Voltage (1)

— Inductor? 2X= SHE 20t =10 1 JI200 XM 2282 20 =2 22X 0|
- 20N F& A2 Inductorlil Zel= (MJ]=) ®O0ICH OdH, ek A= &F
O A X0l LMt= OlF= SACII?
— Faraday? &8X S g= . OB
VxE=——
ot +
— KHAHIS] A2EE Q1 HeI ME HMAIF|l= A S 2 0/stC. lIL
- B20IA v It XE MA0I2HH v, 2 HOICH y ]
L
yIb AIIEO2 Bi5l= R MA0I2HH p,2 H0| OFLICH
5 ‘o)
D
D
D@ O
(a) Toriodal inductor (b) Coil with an iron-oxide (c) Inductor with a laminated
slug that can be screwed iron core
in or out to adjust the
inductance

Circuit Theory |
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- DO 20 Zdiol=s MY=2 PR F 2 &
V= L(x)—|+ dL(x) dx
d dx dt
- M 2g=2 220l SHNHAM 2 2E AH0[2] HelJdt AiZtH 2= Hot L D2 g
ol =H [:|.

0| H5}D| HE0 &M5= SH0ICH &SI JIHUNAE ol ol 2 &
- 3|2 0|20IM CtE= Inductore= 20| DECDN A28 =2 H 282

d
v, =L—= L A2 (H)
Inductor (| 22l ML LA S SELH

82,9 250 T2t B3 s 2001 ot

; 2t i,9 A2t i3I8 2 250 Me UHRCH
- . 1 : 1 ¢t :
v, l L di, = fVLdt , 'L(t):f.[todetH(tO)

I(t,)= =21 (t=t,) ol Inductor0ll 2= ®FO0ICH
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Stored Energy

~ Inductor= X0 HEIZ HIUXIE HEHIE 60 2EGHIE 8L
. di .
Pp=vi=L—I
| at 1
dwW = Lidi, W :ELIZ
IEPER==
Inductor 80| ;2 230 Z2HCL0| ;2 A2t HalE2 23S0 Met 2et
Ol HIHSZ WU XL AXZ SOIIIIE 6t LIJHIIE 8L,
o o
+ +
VL l iL VL T i|_
o

o

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

p =v, i : positive
MIHXIZ Inductor2%H &=

ol XIE Inductor0il XHZt
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+

Vv
g2y V=V, +V,+V; =mnzooz d@g:s 25 2s.
—— AT —Tr— __
: Ste|=20lA i i i
! L, L, L V1:|—1£’ V2:L2ﬂ’ V3:|—3ﬂ
I 1T gt dt dt
vl I L) d
N v B - eqg dt - 1 2+ 3)d_t
o——T—
i Leg SoLg =L+ L+ L
" TR =1, +1,+1, wzo==z 0 2= 2s.
v 9 dp_, di
v L, L, L "t * dt ° dt
o= d|:d|1+d|2+d|3:(v+v+v)
i n dt dt dt dt L L, L,
l y St =0 A
di di v 1 1 1 1
L V:Leq - o= .. = + +
cq _ dt dt L, L, L L L
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Inductances In Series and Parallel
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Practical

- &N Q8= MW JHIHAIEHE JHX 2 e 2222 2EEEICL
- 2L M S0l [A—NN= HIHAIEHE SAlet SIIEE = AtESetl (A8 12.8)
- JE80AM NE RE REE SIZ &0 U_AA S HES StL
-HE22 SEWMHHAIH= 1A=t TIEHE M LSt S & = UL
- DL e HEE D205, SelBE .
A0 WES =0} Resistance of the nductance 0
_ turns of wire coil
-RE QUM =8 QAEEX 0|12, AIEH &HIIt
=0 29, Mg gtol H&EILCE. 'R" ' ULUU
- BD|, BAIS D0IR AIRSIIE 5t QIS E 240 "
DEEON Y=z A Baetol= A0| UCH. |
I\
C Stray capacitance
Complete equivalent model for an inductor.
” T Boylestad & 476% 1& 12.7
i SR
o —o0 —> o~ AW
) L - R,r Ay ©
Air-core Iron-core  Variable

(permeability-tuned)

Inductor symbols. Boylestad 2 476% 11& 12.9

Circuit Theory |

Equivalent

Practical equivalent model for an inductor.
Boylestad & 476% 112 12.8
D
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Various Types of Inductors

(c) molded inductors
(0.1 pH to 10 uH)

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

46 values)
{d) (&l it
(d) high-current filter (e) toroid filter inductors (f) air-core inductors
inductors (24 pH at 60 A to (40 pHto S H) (1 to 32 turns) for
500 uH at 15 A) high-frequency

) applications
Boylestad 8 477% 1& 12.10
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Typical Areas of Application for Inductive
Elements (1)

Type: Open Core Conl
T'vpical Values: 3 mH to 40 mH
\pplicafions: Used in low-pass

filter circuits. Found in speaker

CROSSOWER METW IR

Type: Torvid Coi
Iypical Values: | mH to 30 mH
Applicaftons: Lised as o choke in Al
power lines circuits to lillter transient
and reduce EMI interference. This
coil is found in many electroni

.I.'_'I"'li.ll:'\. i,

Testing

Iype: RF Chokes

Typical Values: 10 yH to 50 uH
\pplications: Used in radio,
television, and communication
circuits. Found in AM. FM. and
LHE circunts

fype: Moled Cols

Tvpical Vafues: 0.1 gH w 100 gH
Applications: Used in a wide variety
of circuit such as oscillators, filters

|'l_1'~\.'\. !"‘!.1|:|_| ||..||':"._ .I||13 l|l1|"|':"'|"\-

AL

——

Boylestad ® 478% 1& 12.11

- NF  AHA 242 short 2 WEEH HMF, WH, BE Z3H0 2|8t openO] RULCH.

-Open 2 g NEHZE SEEE == ULL

- Short 2 gAle| B s& = UCH AN 2+2| short 0]2tH M &2 B3I &J| I Z0|C.
-Jeie NE gttt S gt= "l wolfOF sttt

- H& D BO0t2HS] short OlctH = 2t2 M& s SEEHL

- OIEH 22 LCR meter & X80

Circuit Theory |
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Typical Areas of Application for Inductive
Elements (11)
:"'h‘ Fype: Surface Mounted Inductors |

Type: Hash Choke Col

'."_'\';ifru.ll Values: 3 uH w | mH
Applications: Used in AC supply
lines that deliver ngh curments

I'vpical Values: 0,01 gH 1w 100 pH
Applications: Found in many
¢lectromic corcusts that require
miniaturre -..I\.IJI'.i'IIIIII.':”‘\- Al
multlayered PCB

Type: Delay Lane Conl
Typical Values: 10 pH 1w 50 uH
Applicafions: LUsed in Colog

IElevisions Lo Cormect 1or uming

diflerences between the color

bl Fibes : ( .|| |,|.r'_ : fype: Adjusiable BEF Conl
signal and black and white signal . o T'vpical Valuwes: 1 pH to 100 uH
insulatos COl - : -
Applications: Vanable inductor

|Ix|.'|_| 11 O I!|.|[|l1*~ and vanous E‘” {ﬂ
circuits such as CH transceivers, n
televisions, and radios

Boylestad & 478% 1& 12.11

Nvype: Common Mode Choke Coal
Typical Values: 0.6 mH o 50 mH
Applications: Used in AC line hilters,
switching power supplhies, battery

charges and other electronic equipment

Standard Values
- M&0ILt FHIHAIE 2t 201 EZF 3t(5, 10 %)= AtE8tLL.
- 0.1 pH, 0.12 pH, 0.15 uH, 0.18 pH, 0.22 puH, 0.27 uH, 0.33 uH, 0.39 uH, 0.47 pH,

0.56 uH, 0.68 pH, 0.82 uH and 1 mH S.
o
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Capacitance and Inductance in DC State

iC:CdV , VL:LOL
dt dt

Capacitor & 21} Inductor 8F It A
2

| 2+ A =
Capacitor 8 F 2} Inductor &2 242t H0| & L.

=0 when &
dt

v, =0 when C(I;tL =0

[t2tM, Capacitor= W& 22, Inductore HHECZ &

(o
_T_ T dv, di,
T N l ~ =0 g N when o =0
(o
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Electrical Charges and Magnetic Flux

- Capacitor 2| &Mot= =282 =2
HEHOZ HKXIALE ZOHE == UL
-0lA2 Sel&E = EJtsotl.

- IetA, 220 ARIE S otEH2tE
capacitor & Mot= AIZHELZ BE
Ol &/ 0{0F StCt.

q(07) =4(07)

- A9 & Al capacitor 2| 20| HF K| &
= capacitor 2 80| H=0| &
OF StCt.

q=Cv

~v(07) =v(0")

Circuit Theory |

- Inductor & W A=H2 =2tH
EASMOZ2 HAIAHLE ZOHE 4=
- 0|2 22182z EJ1s6tL.
- ek, 3lZ20M A& 2 6tH
inductor & MU X=52 A2 ECEZ B
Z0| &/ 0 OF StCt.

2(07) = A(0")
- A E Al inductor 2| g0 HF R Xl &
=0 inductorfll s2= dFJF A
0| &/ O Of &tLt.
A=Li
- i(07) = i(0)
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Initial Values of RLC Circuits (1)

Switch2

2ZE9 320 A T3 = Fotet.

=X
Switch1 ? 2‘ t=0 IL(O+) Vv (O+) ch (O+) dIL(O+)
20 10 c ! dt ! dt
—/\/\/\/—d go ® AVAVAY,
=0 | 4 JHE 2 AR SO AR 12 g2 A/,
Ve =< l _
® o 05F LS T A9l 2= olg o2 RGO QUCH 2211,
10V
¢ t=0 DKl HAAENDF S XIS AUCH
- 24 t=0-0lA Capacitor= 222, Inductor
o N = o202 O8E 02 2%9| 5|2} €}
B ._' o [2tA, 3l2= 22 H1 20| S0
20 2A 10 -~ -
o—& AN o IL(O ):OzlL(O+) 0l
+
V, il Capacitor AIO|2] 82 1 Q ME A0l 2
L
10V | 4 | et 20

Circuit Theory |

Ve (07)=-2V =v.(0")
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Initial Values of RLC Circuits (I I)

° x| 2} 9ZEOo2 AL M 9!§9| 2@_ ot
st | g O3 ol 2e Al 2e 520t =
— Ay ot Vh——s B FRECZE 82} PEHN R0
S =L VS @ QOlA 7B E 200 QA A
C_/\ 0.5F 1H ||_ +
o v.(0)=-2V =v.(0") o2z,
¢ 20 M& 0= 12 VI 221D, 6 A Jt B32C}.

L (0)=0=i (0") o=z,
6 A= 25 CapacitorZ S&Lt.

L0)=c @) g A(O0)_ 62 ~12V/s

K L(O) O:|( ) 0I==,

Vi1 Q Mtoll= A et25tIr el 1, Capacitor
- O] 0| Inductor 0 25 Z&lC.

' A GO di ) -2
v 0')=L——=-2 L = =-2A/s
dt dt 1 /

Lecture 7-37
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|
oo

0 t 2f; t dt R C

volt)

|
0 4 2ty t
' |

er 1

R<Cy 1 t
, v (t)=—— t v, (t")dt’
f 0
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Differentiating Amplifier

. 2= 0|20ote 2l 2.
C 5 I R
| A
11 T I\/V\l Vp:Vn:V1:O
1
Node a0l A KCL H&.

Us<i> L >—Q d O-v
C(0-v.)+—Yo_0
+ + s
. dt R

- dv, v
5 s4+_0
dt RC
A differentiator implemented dVS
. 'mp " v (t)=-RC
using an operational amplifier 0 dt
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Integrator and Voltage-controlled Switch (1)

- 2|9 MUK AXIS LH. o8 L
t n : 0]
v, =K -jzvs(t)dt+vo(t1)
4 Control i
- /20| EF MO0+ Ot2H 2t 2CH. voltage "¢®

Vo (tz) =K ’(tz _tl) Vs +V, (tl)

-NMAECE ALK MHEYS ZEoHA
olad Mot M.

- ANZ2F2HE2 = A 5ms 0| A =IO 200 t ) r (ms)
ms Xl Z&E0| JIs.

ve (1) VH™
(@]

V| | —

@ Voltmeter @

6 [T T 1]
I

(1) Z= 2% Mg l

(2) 1pF, 0.2 pF, 0.1 pF capacitor. o— —o_F——

Integrator

(3) Op amp. V=5V

(4)+15V/-15V &L,
(5) 1 kQ, 10 kQ, 100 kQ JHH K&t ‘am
(6) voltage-controlled SPST switch. =
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Integrator and Voltage-controlled Switch (11)

=1

o

velt) (V)

-1, 0l A &2 AMeto] Zolet JHH.
CEARE2HAL [ 10V I S0 HE= &,
10V
v, (tz) — (tz _t1)

200 ms
_ 913 Mol0| 5 V0|22 K 2 & 2 T}
10V 1
K-V, = = K=10-
200 ms S

- Op ampE AtE5tH HE=ZJ| &Hl.

WO =-—=["v

(t)dt = —10(t, -

vy

tl) 'Vs

- HIHAIENE 1 pFZ HEHCH
1 1
1

= O — R:—:lookQ

v_(t) = -50(t, —t,) VV
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