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A 2. ALFH AF (voltage and current)

B 43} (electric charge)

ot ol
_ -

- A=
s AsleE o
- =gk Bao A3} Alojoi= A= oy Heo] Feati, T HB o
Atolel= M & ol o] Z&3
= &9+ [C], &% (Coulomb)
B ATz
A A} (electron) (-)
¥ A} (atom) { ok Al . .
3l (nucleus) &3 #H(proton) (+)

% ZF(neutron)
(=) 1 & A3} (negative charge)
(+) © A 3Hpositive charge)
s AN Y AAget A Be (A ATIHeRE FAAY)
» AFLQ 9] shello]gf Bl AlEEo AX7F B (A9 71 AT )

= nHA shelloll 232 = A= HAd A= 20 (2, 8, 18, 32, )

~ N

- AR

Proton

Neutron

® ©©E
® &) © &

BFH=) BT (+

——

<PAE o A (R ART) o>



s3rd shell

/18 electrons

Nucleus ] @ @ @ !':,:

o o
N @ 9 e
@ @ '» (Maximum=
L33
@ Q‘ ~ @
Q @ @ N
®-9-© 2 electrons

2nd shell

5 electrons

< TFElEAH(EAHE 29)9 x>

Free
electron

Tel(Cu)& Xt HE0H=(Ge)A X

= H o7} Aol AXH(7FH AH(valence electron))e] =7} A

A} A (free electron) 7} @

- T (Cu)Ee 7FAAY =71 171 Aol =& T A (conductor) ¢!

- A2 1709 AstE 1.602x107Y [C]
— 1F22 AR 1(1.602x10 19)=6.242x10'871 2] 7] &<

12 electrons

L A 715 A S 7HAZHH A A

< Ag 47 +1
T Cu 29 +1

=% =4 = Au 79 +1 1~3
&FrF Al 13 +3
) Fe 26 +2
g4 C 6 +4

ElA=R2 A Si 14 +4 4

A 2 vl Ge 32 +4

S O I i




H = £33 (Coulomb’s law)
s ALY rlml) T AFHQ, @)kl AEEHE

3]
- FY G4 sk AR W), g2 dshe 971E98) 54 H

Q1@

2
P

F=k (newton, N)

71 k=9.0x10° Nm?/C?

Fa B

49,49,

F:F:k

127 T r2

B d<(voltage) (2= A Y A (electric potential difference))
C1EE A T A Aol E o] e wl AAY L= AW A (], joule)
=A% 1EEWol)E 1EF59 A7t 7+ ALS ol w A 24+ oA 7t

152 (oule)d wlo] ALxt<d

V = volt (V)
V= %/ W = joules (J)
Q = coulombs (C)

- 5 AArele] AsH(HLab) e

<(b)e] 45>
agdel & 1[Cle] AR (-)H3E bPoZ o]lFA 7= 1]9] odU|yA7l AR
g uf, be} azte] M= 1Veltt

= bel axte] A= 1Veld, biel A& dA7F afd o &2 o5& uf 1[]]19
AR & A g}



B A 7 (current)

ol S WA ke Evele dale] &

— 1&0] 1[C]9] AEHE.242x10" ] e] H=})7} 7HAte] TS o=

senn ¥

W ddd

A
. 5

=
A%

amperes (A)
coulombs (C)
time (s)

I =
Q =
t =

Chemical
activity

R

(voltage source)
of FatA dA

o
Heks

<A 5 (direct current: dc)

« 253 At (de voltage sources)

@ wlEl ] (batteries)
_ 17'<]_
_ Zj]_

N .
N
EE’.
]

A A (primary cells): A& %o

A A (secondary cells): A&

-

2

Energizer. = — 9
M srecianceaBiE ' My

D cell
12V
2200 mAh
@ 440 mA

AA = B2 AR (W HE-A e

e

Imaginary plane

ol

A 715>

il

sscrancranicy)

Lnergizer. |

N
§
S
N
8|
g

- MECHARGEABLE

AAcell  AAAcell 9V (7.2 V nominal)
1.2V 1.2¥ 150 mAh
1850 mAh 750 mAh @ 30 mA

@ 3T0mA @ I50mA

<22k A=A >

2200 mAh
@ 440 mA



@ A 7](generator)

Applied
torque

* g5
“Output
voltage

@ HYLF =7 (power supply)

T TR

@ e AR (solar cells)

® A=z AA] (fuel cells)

Fuel cells use hydrogen and oxygen
1o create a reaction that produces
electricity to run the engine. Water
o« e vapor is the primary emission.

DC Power & ¢ Hydrogen tanks
~ -
- T
—d S — H, _Tr J'_‘_“..H ’Lu].__.;_..m;g.-...
Hydrogen i [Oxygen  (Hydrogen] Se =
J P 0
W el 0
l por J et
Heat — Lo 3 [§}
}:\Inl.’; (HO)
Anode /' Cathode
/
Elctrotye Air compressor pumps
fa) (b air into the fuel cell.
FIG. 2.21 Fuel cell (a) components; (b) basic FIG. 2.22 Hydrogen fuel-cell
construction.

automobile.



A 3. A& (resistance)

= AF L ATIFRAAAM Aot 5 Walehe A8 (E9= 2w (ohm), Q)

of

R
o M o
<A & 7>

Bk

p = CM-Q/ft at T=20°C (229 A &d(resistivity))
[ = feet
A = area in circular mils (CM)

R=p—

- Circular Mil (CM)

1

1mil = mzn FX=  1000mil =1in (Rt 1in=2.54cm)

I mil

4

| square mil I circular mil (CM)

<Circular mil®] & 9]>

e A 3}(resistor)®] E+

@ 317 A& (fixed resistor) : 292 Fere] A do] At

SR <

PR N S Y



@ 7}A A & (variable resistor) : £7FAAHbHANC] x| wha} A gto] 7pHH

athabe} bEAt el Aate A
B-
.W .

Rotatig shaft
{eontrols position
(1} of stiding contzet)

4a) External view o
Ruh Rub
e I e
. e ¥ | R
RS<+—obh aso—AMMM—0c ao—A—— o—AMA—o
R R b.c
(b} Tntcrnal view
tssulator—— 4
Carbon efement—""_ (a) ( h] (¢) (d}

Tk FIG. 3.16 FPotentiometer. (a) symbol; (b) and (c) rheostat connections; (d) rheostat
gt A symbol.
w1 Carbon element L
Aok ¢17]
Number Color
0 Black
I Brown
: Rt‘!l
i Orange
4 Yellow
. Gt Tolerance
6 Blue ; Code
7 Violet
b Gray
9 White '\
5% ; First Digit Number of Zeros
(0.1 multiplier : Gold
if 3rd band) Second D|g|t

+10%

(0.01 ||11|I||[1Itc:'[: Silver

if 3rd band)

S (Black), Z(Brown), A(Red), S(Orange), &(Yellow),
= (Green), A (Blue), AHViolet), &](Gray), 2#(White)

A Zet 39 Rk &gt o

J)] ' | BA(), AA(2), SA3) | 12x10°02 = 12k 11.4k0

FIG. 3.23 Example 3.11. EW QAFHO] +5% 12652
4 ' | SA8). AA(2), M | 82x107 ' =18.202 7.3802
FIG. 3.24 Example 3.12. A QA9 £10% 9.0202




A 47, L &HZF, AY % o X (Ohm’s law, Power and Energy)
B 259 HF(Ohm’'s law)
» A E) = AFDel vy, vl g

-

= ARl
A (FAD [V]

[A] (1=
12 [92]

FE
I
R

E=1-R

Ju

R

ook

S

_E
R=7)

100 ARG 1Vel AR E)o] 7tEH Aoz 1A AFD7F &)
ll

v

+ + - -
E = R § Vv —o0—AMN—o0— —o—AMA—o—
- B ! R

/

v
+
R

(a)

(b)
FIG. 4.2 Basiccircuit.

FIG. 4.3 Defining polarities.

I tamperes)

o

R=1{)

FIG. 4.7 Demonstratingon an |-V
plotthat the lowerthe resistance, the
steeperisthe slope.
1/ |t
| / R=101)
0 10 15 20 25 0V
(volis)
B A3 (Power)
* (P )2 HHARIG AWSh= oYX )0l
w L
pP= - (watts, W E+= joules/second, J/s)
- AP ): A1
V2
P=V-1I | (watts, W) P=— P=IR
_ v R
P = I () I= 7
P="IR () V=IR
B A (Energy)
o oluiRIE AR £k AL§FH A(P oIk

W=~PFP-t

(wattseconds, Ws E*= joules)



A 5&. A&E dc3 2 (series dc circuits)

» Al X3} (series resistor)

N7jo] RatSo] XA AATAS mf MAA S 7F xjato] st} 2T}
RT:R1+R2+R3—|—- . '+RN
o) A AT Ry =1002+3002+ 1002 = 1400
Ry R, Ry
100 300 100 Q2

FIG.5.11
Using an ohmmeter to measure the total resistance of a series circuit.

Ry Ry
. Wy Wy —
100 300
RS00 § 140 0
b b
(a) (b}
FIG.5.13

Resistance “seen’” at the terminals of a series circuit.

m X 3|2 (serial circuits)

=W + Vi — + V3 —
I, R, I R, 1, Ry
- —_— — ——,
¢ Wy AWy AWy ;
Ry 100 300 100 Q2 kf
+
E %8,4\"
A
t.L ‘f‘
ke - o
FIG. 5.12

Schematic representation for a dc series circuit.

- Agel2olq et AR RE AR SUsi

S|
- AlFE3| o] M= 1,5:}2£ (= %z&%Az%mA)
T



Vi=RI, = V,=102X60mA=0.6V
Vo=Ry1, = V,=3002X60mA=18V
Vo=Rl, = V,=10002X60mA=6.0V

- AlPe| 2 oA vt MY B 7]

—
)
(o]l}
=
X
o
-
i)

gt 2ot

E=V+V,+V = 84V=06V+1.8V+6.0V=84V

CURRENT rma}

”n“

R R, H R

E]lll M}n -H—m—mj J-@-\
1011 3041 100 £

¥ +Va— Y .

FIG. 5.19
Liying volimeters 1o measure the voliapes acrass the resistors in Fig. 5,12,

<t MY gue AYEY (AYAE WHE2 A7)

CURRRHT (miy
- 4
=t =

FIG. 520
Measuring the current throughout the series circuit in Fig. 512

<mE F2Yxlo] st AREY (ARAL ALz 42)»

_’IO_



CEREESEEY

Bl

Py=P, + P, +P,

3

Pp=I W+ LV, + [V =L (Vi + V,+ V}) = LE

P,
"_"-.\

Ay Ay Ay
I R, R, R,
¥
Py T E
=+
FIG. 521
Power disiribution in a series circufl.

EXAMPLE 5.7 For the series circuit in Fig. 5.22 (all standard values):

Pg,

+¥, - + ¥ - Pa
I, R?/ A

a. Determine the total resistance Rp R
b. Calculate the current [, r' Ay Ay Py
. . 3
c. Determine the voltage across each resistor. P 1 k02 1ki) /
d. Find the power supplied by the battery. E\ . B L +
e. Determine the power dissipated by each resistor. =%V R: gg K Vs
f. Comment on whether the total power supplied equals the total power = =
dissipated.
Solutions: =
a Rr=R, + R, +R; FIG. 522
=1k} + 3k + 2Kk} Series circuit to be investigated in Example 5.7.
Ry=6 kil
36V
b. J'_,=£= o = HhmA
Ry 6k
c Vi=LR=LR =6mA)lk) =6V
Vi=LR: = LR =(6mA)3ki}) = 18V
Vi=LR:; = LR =(6mA)2 ki}) =12V
d Pp= El, = (36 V){6 mA) = 216 mW
e, Py =WV, ={6V)[6 mA) = 36 mW
P, = 3R, = (6 mA )3 kf}) = 108 mW
VE (12W)
=—=——="T2mW
*TR O 2kD "
f. PE — PRI + PR; + PR,

216 mW = 36 mW + 108 mW + 72 mW = 216 mW  {checks)

_’I’I_



n AlE HALY (voltage sources in series)
N7 Aol Alde AZE S o AA Agdde] AL 7

Ep=E +Ey,+ Ey+ -

_|_
S

J

%
e
— /
E == 10V —
—
. L -
L . + B 3V i
B, =6V _— =5 i - L=V
- % -
3 ‘ 1
" =,y L E, =24V 4+
e —— = - =]
N \,_‘7__"’:
(b)

FIG.5.23

Reducing series de voltage sources to a single source.

|2 XAHA (Kirchhoff's voltage law: KVL)

m 7]253]|3%
+=¢d 2(closed path)o] @& FALS9] $H2 Ho|gf.
2,:;1’ =0 (Kirchhoft’s voltage law in symbolic form)
o !
a ]
——Wv
(.f R 1
%
+ / \ +
—_ s = —E+V+V,=0
— [ xvL | Ry Z V, 1 2
=L | == z
= (E=V+V,)
L
d i
FIG.5.26
Applying Kirchhoff's voltage law to a series dc
circuit.
+ Vi =
e}
J oL
Bv= "y =S¥
ki '\‘ / -+
a p +25V -V + 15V =0
Ay Vi=40V
"\ 2 .f: Vi
. —V,— 20V =0
_||||_5 V=20V
="+
20V
FIG. 5.29

Combination of voltage sources to be examined in
Example 5.11).

_12_



AF3| 20|49 ALY (voltage division in serial circuits)

Aoz AY b Do A2 AY Z7]o] o Fufdt.

Vy=FE i
BT R 4R, + R,
V,=FE A
B R+ Ry + R,

R3
Vy=FE

s "R +R,*R,

=]
= T

FIG. 5.33 FIG.5.34
Revealing how the voltage will divide across series The ratio of the _""’“""”"" m"”_“’-" ‘i"'*”_"””ft's the
resistive elements. voltage division of a series dc circuit.

<AHF 37)% o2 vgo] oW MY FUA>

A A28 Al (voltage divider rule: VDR)

- AR RN AY Rr, G Y V.

vV, = in (voltage divider rule)
Ry

e

ﬁ. R, § V|

=+ 2
E =

- +

|||—-

FIG. 5.36

Developing the voltage divider rule.

_13_



n RS AAEO] o]l
oV -
; 100 _—
1042 n " .
M AW . A
P_. R, R, + |
= E=—70V o Py
E=T0V R, 2200 . g -
<AYe AR ol5>
410} 40 . y
[ w
5 ﬂ P_.
- 25V X . +
i §7ﬂ V om— 1TSS Y §7¢_-_! &
?Sﬂv 3
T ol
el 917 o>
W Z7] (notation)
n ALy FX](ground) #E7]
a
Rl
Ay ) Rl
= el
+ E= A A
T 5, O :
T Rg Rﬁ
(a) N )
U3 MR 29 35E B>
= AddE 27
G+12V
. AAA
¥yy
Rl
R, l
: - bl
— 2V R, Ry e —
i +
| |
R | : T
| (a) .
I 2
b (b

- 14 -



2+ 60

41} Vab: Va_%:10V_4V:6V

1

el i = +

n..:'@
== |-
CURRENT "":-g'
=% + .- E
8o T i
=B+
NAsa71

Ip =27534 mA

s
Ry =68 (1 § V,=1872V

<YBEAE R, BolXE R 9] Atolo] T2 EHXAS] Ak
I

Rin < RLOE]4\—% H;]’__é._j 7

_15_



m A= WRAG

- AERIe URAZE 7 5+ S
- o]AFAQl A FA|(ammeter)?] WHEAZ 0] 0
- O]AFAQl A A (voltmeter)?] YEA 2 o

o AFAY H3 &3 (oading effect)

CARAPE WRAT R,E 72 W, A2E AP A7)0 mep ARl FAle 98
- Mg YA A4S HEOAT} AL
e . A
_{-'" 2K} = Tkfl
111'*:_ rf;_-::.lr- 15 kil = 20k4] ? I8k} I:‘-" f::l'll"q- 201+ 18 k1] 1510
= 'T a5 k0 |
* = |
iajy b}
< oA ARAL WEAZ=0Q > < AA ARAL WEAZ=250Q >

B Protoboards (Breadboards)

- 322 Juglo] AXS A2 =of AMQlste] A& &

Model: MB-102. pLy

Conductively
connected

]'E?.fl 300 1000

_16_



A 63. H&E dcd &2 (parallel dc circuits)

= HE 2 27 o] e &), 7FA(branch) H= 3| 271 270 ol A qhh=
3=

o) HE3 29

a r.'?
R, .
Wy 1
R
R1§ R2§ a b 3 b R3§
Ry
R
, A :
b c
L& 7]
ab:ﬂEX-] R B == == 4, ¢ 675w
y OOD( 1‘]/]' 2]’ OE) (R1’R2ﬂ_ R37]'t§—“§)
= AA WIAY
1 1 1 1
= e 4
T Ry R, Ry, Ry N
yad - WE
= G=1/RY4 T
) Gr=G +G+Gy+ - - « +Gy [siemens, S]
1
R U N U
R Ry Ry Ry
)
R L 90
e ngsn Rggsn 11
! 30 6102
&
o)
] 1
—_—. = = Rr=— 1 1
Rp=437.10) Rym= 1k} R,=22k(} R,m= |2kl 1]€Q+ 22k9+ 1.2k
\ H JJ =437.10

_17_



- 5Us A3 NAZE HEd wjo dAAE
1 1
RT: -
1 1 1 1 1
7 RTRT "Ry Nﬁﬁ
R
Ry=-
o)
B AYP20) I ¥
s ngl;’ﬂ R:§l!ﬂ Rjél?.!!
R < 120
! Rp=—5-=40
27 WEAT
I S |
e T Rw
R, R R R,
Ro— R | B, = 2
e T R 4R,
o)
(302)(602) 18
— R 30 R 610 = =TT ()=
Ry 1§ 2§ Ry=30 1l 602 30160 99 20
[o
m ¥ 2 (parallel circuits)
Bﬂaﬂ;iqk w2 AKX} ofc}lo] Xoto Toalg .
I a
In 2 E=V,=V,=12V
EEny v et v, SR Ry=R, | R, =0.75k0
C 1 et 5. a=dkl
v . E 12V
L= 3, oskn 1A
Vi E 12V
A= =R = 124
1%
»_ E_12V_

LTR TR me

_18_



P =+ 5 0lBE el WIAY £ Fob
1 2
E_ B, F
R, R, R

ol §l1, I, =E/R;, , =E/R, ¥ L, =FE/R,0|2&
I, =1+1

olc},

Py=Py +P,+P,
Py=1LV,+ LV, + LVy = LE+ LE+ LE= I+ L+ L) E= [E

o

3+
rT,.l l i ll’ 2 lf
ok + + ¥
E= v, =R, V. SR, v, SR
5 h i £

-
\
4A Systen.
Ii= 104 CwEEHE AFY o

complex

NI =L+L=24+104=124

network,
junction
\‘~
Ifh: 8A ) )
! - 9/8EEHE AR ¥ DL =) I, =124
!
1



s FFEE|HA] (current divider rule: CDR)

- HE9 2o AY RO 52 AR V!
Ry .
I = 5 I, (current divider rule)
pf) AAAFE Ip= -0l BRAY g9 AY2 =& volnz
T
V=15R = LR, = LR, = = LR,
olc}. FAH B
oV LR,
" Ry Ry
O R==1
R
I, = RT[T
olr}.
S j:’r ;
e T
1 | N E— 1 +j
I = |5 | | |
e vgnj R, §R3 ? $R,.,. v §Rr
T
i
<HZE3]=2> <E7tg 2>
o) oy
T 1?3 Ry =1k || 10k || 22k = 873.0102
l
Iy=12mA R, 12 mA RT
A L =—1
10 k) bR
873.0112
Rj = V—_— = .
A 1502 12mA =10.48mA
22 k01
= 27 FAAY] AR
It
: )
5 g8 TR AR
Rr RJ§ R3§ ; _( R, )I
AR +R)T

_20_



o) I=6A ;

— j: ]2( R, )]

R +R,
R = 4ki} B, = 8k} :%) _ )
7 2 (4k9+8k(2 64 =1(0.333)(64) =24
L=6A

| |
| l I =6k,

I ! ,ﬁl I, =31,
hy=ge= o Iy=2h 11=t5]2=35. L= ()=,
Agol 22 o Aol 1/2v0d ©f | Aol 1/38]d T F AT vieY
AFe A= 52 7= 24l A= 38l do=z HAFI 55

n 3 KUY (voltage sources in parallel)
YT Ao HEE A4E o VY AgHEer giRg 4 Qo
—n D
B - (h=h+h
+ + | +
e, O et > £ =1V

I— T a2 =

= 7% (open)?} T=H(short)
3= 9] 74} (open) gl29] T (short)

Short circuit

I=0A
—oDpen circuit
= / j .
System v !
—o0 System V=0V
il

- 21 -



* 7 (open)d] 29| o

oj27} 7ig ol AR/t 224

R, Ry
MWy
2k 4k +
4 =0 [A]
E—"20VW i,
_T 5 Vab == E_ VRl - VR2
R t1b =20V— 12k +4k02)=20V—-0=20V
R Ry + V- B By 4+ 2v-
M—e AMW——WAV—o
I L2k 8.2 kM) ( T=0A
+ +
E T 22V = E=22V
i
= ib) = (h)
+ @ (short)g] =9] o
Will open due to
B}COE'S‘Si\"E! curent
10 A fuse }/
OO of o \ !
|FT-: e T I = C‘Ai
o T +
+ +
E = 10V R§2ﬂ E EIDV R§ Vihort circuit = 0V
- -
i - “Shorted out™ Short circuit
(a) T2t A (b) & &
(a) @2 Ao|= AE2 [=10V/202=54
(b) AF(22)FHo] 2 AZASIH T (short)E]o] R,= 00] & (R, =521 002=080)
M2 [=101V/00 =0 A0 2 WEstA E8] =71 /9= (/=04)
Aol A (Be TdHI=E ST AU Vot cirewss = 0 VOITE.
Ip=12mA
" lf={!.-t lf=ﬂ.¢\ 112”1,5,
lf N 4+
v Rl§6ﬂ Rg§12ﬂ ngﬁﬂ Rfé”” V=0V
dEelE s AMAR I7F BF 520, Tees HAd2 ovoltt
- 22 -




n HLA Bsta iy}t (voltmeter loading effects)

olaHel BYAE Yol Ladoio} 5t

CAA AJAE WRAFol szt obd
o= Qs SRS FUstes I
1) 10k2 FFe] AMAL =A3517] s DMM(digital multimeter)S AZAsH H L
DMMO] Ul 2xgo] 11M20|H, 10k} YEE AZE o] AAAT

Rp=11M02 | 10k2 = 9.99k02

2 2 QAP QS (v UEA o] Aido® 2 xael, 11MR > 10k2)

DM

11 ML)
H—dpe—-

- — — — — — 1

i 10k}

2) 10k o] AL &4 517] Yol VOM(volt-ohm meter)S
VOMO] B x&o] 50k20]H, 10kt WZE2 AZAE o] AAA

Ry= 10k |l 50k = 8.33k02

2 2 oxF2 M (v YRAIZol Aose

2 Agol opd)

3) 7Ngel=o) v, =20VE FAs5H] Yol ALAS &

5 o
A% A9
R R
M M
1 M1 =+ I M2
+ Tl
E= vV v, N EZ=-20V Var 11 M)
oh e 8 —
Vab =20V

a

0+ 110 1833V
<HAJA A2 A g 2> <AUAHWEAFO] 11M02) o2 3>

1

s U3t ¥ C(breadboard)d] ¥§d3|z2 A 9

! R,%Zlk‘.! R;%]lkl!

_23_



A 7. AE-H A3 Z (series—parallel circuits)

o] =9d 3=

Y
U
|
ok
i
tol
i
>
U
A
")

R =R+ R,
9
g (b)
=
1
(=
Ry=R)|R
(©
Ry=R, + R}
(d)
fz
&

_24_



A 7.1) A7 L= Tkt

R 1f| Rl f|
- —_—e —_—
MW w Wy
20 v, W —— k0
3 Ry
+ = +
E =.54V Ry é[ﬁkﬂ Ri éﬁkﬂ E =54V R’€4}\Q

=T 9 < Reduce e =

R =R, | R, =12k || 6k2= 4k
R, =2k0+4kQ = 6k

__E 54V _
L=h="p3 =~ omA
. 12k
AFEHH(CDR) 28 7 =(72)1 =(—)9mA=6mA
b ST\ R+ Ry 12k02+6k02

s 22t (block diagram) & W
» 3] 2 W (network) S ESW9 2 Rejdte] I RS A e Y
a b I.-—fil’—n-— m A h
| | d 2kQ Vi
2 + Ry B [
£ # - L §12m gam
= ¢ - .
cﬂzﬂ] 73) 32 RE AF 2 AJdE et
a ls R A I
AVAVA‘_
40 I Jfe I + V=
B c — - B
"‘T e R=Z050 f\T Ry “f__vzn lfg lj‘(—
+__I';'T SN +__ & ! 4
EZ== 10V RZ40 Ry 240 Reduce m\f'__;_ Ry =20 EB chg Q 1_1_
Rs=150Q ; .
.
E 10V
= =24

LR T aT

_25_



Ve=Vo=E-V,=10V=8V=2V
Iy=1,=1/2=14

oax 7.7) A4 Vi, V3 R V= st

R; Ry : - A i : 2 i;}
26 ViR, <350 Vig, < 64
+ - ,'/“\._
= EZ=12vV a > " ob
£ =6V 50 10 isv==-£, Redrawn FVop =
F + Y = + R, =30 Ry =20
&)
RE — (50)12V) 60V
= R+R, 502+32 8 -y
RE
P _ 6202y nv_ .,
R3+R4 624212 8
KVLO| o8l V=V, —V,=9V—-75V=15V
oA 7.8) AL V. V, L W IS 7ot
+]b\ a
60V ] 4
55 % _, R3a B K260V
MA—2 E=% RZ6Q v, E=6Vv, [ 4
Rs Redrawn g, 250 3 + L= 18V
6!11 TI_; Th = lf _TTfl
=
Vo=—FE =—6V
KVLO|| QJ5f V,=E,+E =18V+61V =24V
a’doA KCLE& At8otH, I=L+L+ L
Vi BB

&R AR
_ 24V 6V 6V

612 * 6’!2+ 120

=4A4+14A+054=554
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oA 711 AY v, V. v, % AR LE ket

i
+
. Bj—=5V ngmn
i!\. = + (\’ - Rl
E, —= a0y /.
\/ Redrawn =" i T'm "
R + i +
—\SV v, R3§5§1 Ey===-8V
V.=E, =20V
V.=E =8V
V,=E —E,=20V—-5V=15V  (KVL A}&)
Vi— Ve 157—8V
L= 7, = 10 =1.754
» Al}2]Y(ladder networks)
,13' R] R3 K- 16-‘
[ Wy Wy Wy l
560 410 1 £}
+| Ar b
E=_240V Rzgﬁﬂ R4§60 Rﬁgznl"b
=34 Uy 1)
3RS Fareduce) NAM A AF R A AF LE 73 F A

A A (return)3HA A 3 A 8k WY

D 325 = (reduce)

R] R3 Rl
AW o
54 +0 50

— - - 30
R; R,Z6O R Z60 §[ a0 T

(3 )6 1)
30+ 60

=20

_27_
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@ AA A R, R AA AFLE TF
I, R,
-- AN _ _
A Ry =50+30=80
E 240V
— 30 [ =—="""=304
Ry § * Ry 82
® A28 AP return)dBA 2 e AR L AF¥EL T
I, R, I I I Ry 1 Ra
Wy Ay
‘!\3 l 50 Lo 40 l,u l
+ . = o L +
E=R240V Résn gbﬂ Return, EEMOV mZea v rZeo Rss 22
—_ e
= 34 Iy 2)
O 2z 229 A AF/E £V
+ Vi = 4 Moo + ¥ =
I Ry Ry Rs
[_‘ My — Wy AMA—
50 le L 40 :41 510 lrb
+ + + +
ES 240V R 260 R4§an Vi Re=2Q v
@ $2%H 97 2 A4e T
1 _ V4 o V4 _ V4
"R +R 1Q+2Q 30 D 7+ &7k A/ 2
or V4 =(3 Q)[{. Q % ]éi _]\_Ij_%
V, 301
50 tha A= (X Gk 0.5I, )
R, 64 2) g 7%
and L=1I+1 =05+ 1, = 15I,
Al V. ?::fg :'nglj)(imgh{rb Q}{;QI 3 L= gt =
80, =V 4 = Mg + (3 )l = (9 ), o =
Z ul z] ok
_ v, (9Q), X]‘-ﬂ A7 2 A4
so Lhat L= R_2 =a - 1.5, T3
'ﬂl]d IS‘ = 12 + 1!3 = IS.{O + ]5"’6 = 3[6
with V,=IR, = LR, = (5 Q)
s0 Lhat E=V, +V,= (5 + (9D
= (5 Q)31 + (9 Q) = (24 )i,
1 [—L—EJYUV—I(')A
ane ST a0 240
with Ve = IR, = (10 A)2 Q) =20V

_28_



A 8%, AAWHY HeEd EA (de)
(Methods of analysis and selected topics (dc))

B JA&9Y (current sources)
AGAHAFE 3|2 FFatH, A7
I

ARde o
Ip=1 [ l’
=

(a)
<A
At v

oA 8.1) A2(source) St v, A R 9
;

L =1=10mA
V, =LR, = (10mA)(2002) =200V

=10 mA Q) v, R gzn KQV,
Vo=V, =200V

\

oA 8.2) At v.oF AF
lIr.
— V,=E=12V
& P! I Ve=E=12V
ZORE S SR
Vi I TA F 12V R 410
_ = IZZ_R:ﬁng
R 40
T L=I1-L=7TA—34=44
oA 8.3) AF 59 22Hdd v, S T3kt
+ V-
L, R
Ay RI
R4 + 20V L = L= (19)(6A):l(6/1):2/1
R +R, 20+102 3
+ «?w Vi,=1LR, =24)202)=4V
V,=V,+20V=4V+20V=24V
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B A A9 ¥H3l (source conversion)

Mo

Mo

o

(b)

(a)

7
Plo
o)

o

X

X

ol

e

—

0

Ho

o

R
I
~ Rp
Il
8 R Rp
=Y
m ~ I
S Il i RP
(I ﬂ
E I <
~ ~ SN
oy ] = oy I ]
1’2 '3 LS
m [r D ar
~ e = W
o o oo
%0 ol wE o nF
woow o
- | nﬂ\. O 1%
1}
" >1_
or
M i
M’ %!
Il I~
) N
0
Ot b
A
WE
- OH_
= & —
n_ﬂ ] _.AL
e ;. ﬂ/l
__ B Uo
| \4

Ei=a

71 (open)

3 AFRAL

T A9

],

(short)
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o
[3a]
_.
e’
r_H
T
.
-
=+
AWy
-]
[~ 4
< = =
™~
I
& + 1"
Ps I

30 Cl)]{m R2§ 60

s
_‘b-

CDGA R

Pl
o
hil=

e

X

)

_3']_



B 7IX]-A & sfA (branch-current analysis)

PN

T Sle

" ﬂi% BA T

S STkl Ay

Wy
R;

» HA-AF A A
(1) BE 7o) Qo wate] AR 4ol
(2) 2 Ao A3

(3) KVLZ AR-&sto]

EEEEERE EE

« 27) HFEZ(closes loop)E 7HA = 329 4

=% 7 F Z(independent closed loop) wtt} 1S 24

ad

<27fe] W

S B EE

(4) = KCLE AHgste] 29 A7 mode)el tlsl 4& 24

= 7} A (node)ell Al KCLS AR&3te] 2o & 233

Ha Hleq)o M = & -1

PN
A7 5

(2 nodes) (2 nodes)
) >

L &=

2-1 = legq. 7

| eq.

<1749 Alo] Was

i
ot

(7 = s

?_

ol

(5) WAL Eol

_32_

(4 nodes)

3

[55]

3 eq.

4-1 =

<37H0] 5:4l0] W@>

(4 nodes)

Jeq.



AR 8.9) NA-AFRHor Hrs 34t

(1) %2 Aol AF(L4,5)% 7t Aol
Qo) g

Defined by I3

|
|
: , Defined
I ! by £y
ds | Ry §4 0 | eb =
a i Lt
e N e Fixed
| % t }I - polarity

Defined
__Hj_y; 5
10

Fixed
polarity

(2) 27} F3xo] KVLS Alg3sle] 2]& -3+

loopl: 3 V=42V -(20 -4 ODL=0
LG ey et e et
Battery Voltage drop Voltage drop
polential across 2 {}  across 4 £
resistor resistor

loop2: 2 V=4QL+ 1D, —-6V=0

(3) F4& Folstel 24 A AR (4L L)E T3

L =1+5L012%

I
(_%
220, -4, +1)=0 | 2—2I —4l,—4l, =0 —6l, — 4L = 2
I ) B BN +4!’|+5!'3=+6
AL+ L)+ —6=0 AL +4L+1,—6=0
2 4
, _J6 5| _10-24 -14_
' 16 4] 30-16 14
61, +41, =+2 _ 45
-+ 36 —8 28
L= = =—=2A
B 14 14 14
[3=!J+f1=_]+2=IA

_33_



- 2% BN

sl (z,y)

OXFEA] Al Col. Col. Col. Col.
Col.1 Col2 Col3 1 2 1 2
ax + by ¢ = ¢ b a; ¢
ax + by c _ 16 b sl
- - - a, b, a b
a b, a b,

Col. Col.

ey

. a, b

Determinant = D = = a\b, — asb,
a b,

d) BAAe = ot

A+ y=3
3x + 4y =2

_ B -@01) 12-2 10

_ @) -()E) _4-9

T@O@-3)1) 8-3 5

31
2 4
]':
21
= 3 4
2 3
32
y=
’ 5

5

5 5

EXAMPLE D.5 Evaluate the following determinant:

Solution:

o — 2

| T - RS |

[CDCL2) + (20N0) + (3N —2)0D)]
— [(O)1)3) + (40D + (2)—=2)2)]
=24+0-=-2H)—-(04+0—-8) =(—22)—(—8)

=-22+8=—14

[
X #
¥ I ‘ ’
o= o
' f b r.
» y
~ %

37 .17 .2
0] =2 1
270 0. 4

_34_
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M 94+ 314 (mesh analysis)

=TT e e, A (Es F2)9 e e AFE A

et

R : ;I;é o oaEre: 2700 oA E(L,L)S Rolst
I ‘ 3
B : o IR -Agur: 370 7Rl AR(1, L, k)
= i s
i I I " £ Aojgt

oA 8.13) WAYHoer 3rE s}t

(2) 270¢] Fxo tfs] KVLE AR&3ate] 215 AT
loopl: +E, —V, —V;=0 (clockwise starting at point a)

Voltage drop across
4 1) resistor
J—H—\
V-2 —@Q)U,=1)=0
A L Subtracted since I is

Tetial ciirest opposite in direction to !I.

through
4 11 resistor

loop 2: —V; — V, — E; = 0 (clockwise starting at point b)
-4 )L—-1)—- (1ML -6V =0

(3) A& &olsto] & 79

loopl: -6l +4,= -2
loop2: +4I, — 5, = +6

o Bl L[ =—14 2 [ =—24

_35_



ey e loop 1:
| 4 (=i |
R|§_!ﬂ RS60 ! —5V+(12)L+(602)(, —L)+10V=0
¥ T4 & 4L - (1)L~ 62, =5V
: y R;gfﬂ loop 2:
- +| ! B _ _
E, =5V =10V | 10V+(602)(L,— 1)+ (202)L, =0
= : L & !I‘_ L — —(6(2)[1—1—(8!2)[2:101/
a 2 oL =1A4, [, =24
o A 8.18)
& £ loop 1:
WA=
e || g 82+602)L+22)(, — L) =4V
==l 1 | 2l
[ = — 161 —21, =4
3“—5. 1 §JQ 2 §7Q L2
* i - loop 2:
| ¥ | L )
- ||| - ||| (29)([2_]1)+(7Q)]2 =9V
+10 LI B
4V = oV - —2[+9L=—9

B 23 34 (nodal analysis)

(1) AAef =5 4%

(2) 714 A (reference node)= 7|=o 2 Ymz] dHo] #<t
(3) 714 HS A9 UyA dHor] KCLS AHgsle] 2oz F3 3

4) A& Foldtel H(RPAME T

oA 8.21) %34 stet. |

E=—24V
" |
=
(D 2709 43 T HA7F 7154 3 (reference vy
node) ¢ |
A 1) el dge Ve gog T
R, 2120 !(Dm
+
EZ=24V

'TL 0v)

_36_



(2) 443 A2+

(3) A KCL& AH&3s
I=1+1,
V,—E

V = = 1_
L 14
R R,

o Al 8.22) dAdslAstet,

Ry
A
40
I
)
R=80 O L
7A 3100
.
ETEA\«
(1) 3709l dd <5 HA7F 7154 A (reference R,
M
node) v, 40
1
Uz 270 dHe AE 1V, V,E Ao ( )
R<580 +
ZA
%
E e 64V
<
(2) 45 Ve KCLS A&
R,
+ o
v, > m v, L+L+1=0
I
V.- FE V,.— VW
f|l i m 1 1 2+I:O
Rl§8(1 L I R,
- 2A R,= 100
; 32

_37_
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(3) A3 Vol KCLE A&

.
Vi m Ty Vs I=5L+14
! -V Y
£ 1 =214+ 2
R=80Q o/ " £ 1y
2A R3§mn
+ o R
& F s = —0.25V,+0.35V, =2
e
(4) F BAANoZRYH 5 T
0.375V, —0.25V, =6 V, =37.82V
=
—0.251,+0.35V, =2 V, =32.73V
of A 8.23) A slAstet. o

i
(1) 25 1ol KCL& A& L+1L=44
o Vi e
oy L 202 120
| s C) (1 1) (1)_
4A I R, =60 2A I U I = =
CD :n;l' 3 l isn 120 Vl1ae 14
7 1
il —V,——V,=4
\Refes'ente x 12 1 12 ’
(2) 44 1ol KCLE 4§
) I ’
b W . L+ L+24=0
Ry =120 Vv v
R 2~ "1 2 _
CDM rZ20 séglf‘: CD“‘ 2o TaptA=0
1 3
oy e RETAETA

Reference

@) e e

TV,— V, =48
—1V,+3V, =2

Vi =+6V
V,=—6V
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A 9%, MEY A& (Network theorem)

B =7 o] & (superposition theorem)
» AYPIZ (AP RAZ o] FZ I 2o A HE TE o] Q17tE wj
A= A9 747 JA7FHEAS wW 2asEe g 2o

1
ys = flxy) = fx,)+fxy) =y, +y,=6+10=16

A 9.1) 270e) e AAALAT Aol At e o

o
Y
o
rfu
o
b
=
ofo
ol
ol
)
rN
4
I~
flo
2
2
o
&
[-‘Ij
o
N

e el A% 5's AF4

+
EZ=30V I@SA Ry §<‘».rz

e
n AddE AA —°
- Akl E=0 (2H(short %
LH:: S w(1 fohort) R"“‘§ Rin
- —r‘Z ° 1:1713 »
+ B
o —
n AFdE AA ’ )
- AF I=0 (71" open)) ; .
- WEREAZe 3 IC) §Rim —p>- §R"“'
o
o O
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AA 9.2) FHO L o] &t Rl =

=
o
o

lj‘le
i
).*A R]gﬁﬂ

T

T

A% LE ekt

R, Ry
240 L=2 40
+ --_
E, =54V R3§ 12801 E, =" 48V
L L +
(1) ¥ B2 AALS W L['E 73
R, Ry I, R,
W Wy —
245 JF 40 48V battery m lr
2 replaced by short 2
F oo circuit 4 Ry
E, 54V RQ§IEQ. * E, ==54V Rzglﬁﬂ R3§49
.
- ——
30
. B 40)(24
L _oed)

b= R R A0+ 120

_40_



(2) AY BEE AAYS W 'S +F
R;

R Rs :
WA MA
24 Q) 410} 40
Ry
- + _+
o b, tr,
54V battery replaced ) 50 B
by short circuit
” L 2402)(44
L= fal_ a0 ) 5674
R +R, 240+120
(3) FHolBS ol gate] [=L'—L'E 7
1)

L=1"—1 =2674—054=2174 (A 7%

A 9.3) THOES o]&dle] Rl TEE HAF LE T3k

R
W
120
I
t b
EZ=36V RggﬁﬂICDQA
Current source
(1) A7 945 AAYS o [2’-3— T3} replaced by open circuit
Ry
‘\MQ ’
128 —»
=Lt 36V o4 L |
RT 189 E me==_ |36V R, 60
_+ ij*
R I
(2) A 36VE AANS o 'S 73 MA -~
1201
|
" 120 R, S60 C) I=9A
[2 =94 ——=06A4 |§ T
12024642 "4
—

_4']_



L'+1"=24+64=84

TR

K

fite)
N
=

o

)

ot
Nlo

o)
W

e

X

(24)%(602)=24W

(&' (R,)

—

T
X
44

o1
o

L'l

S713 2>

=
[€)

<l Bd

e b

"

Wy
Rﬂ!

Ep,

P (R,) = (84)°(652) =384 W

B s B2 4do]& (Thevenin theorem)

= 49 2¢kA} de3) =

} Ry

[e]

el

- HEUA

TR

o
;.OO

—
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qA 9.6) a.b A HF32E HEY 713 2r Wt}

R] a
MWy .
30
+
E=9V R Z60 Zr,
= I
(1) ab WA AAgstar dapgael st ,\:;\
Vo (EE)E 7% 10
i -
E, =9V R, = 60
By =ov—2 __gy T 3
I 32+61

(2) A9 EE AASL AAAT R, S

®

i a
] AN o

T 30
B (39)(60)_20 R3§6ﬂ “— Ry,

TR 304682
(3) HEW 71322 W3ty 2332
A pict
Ry =20 lfL
+
= Ep =6V

AR 9.7) ab WA H= 22 Buyl

® b

S/t =R westke}

A
leCD R §4ﬂ

.o

Ry §u‘1

_43_
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(1) a,b ©A= JNWrslar whxpFete] A<t
Vo (ZEp)E 73

Ep =(124)(492) =48V

e b

(2) A7 15 AAsL AAAY R,S Ky )
T3 20
R §4ﬂ. *— Ry
Ry =402+20=61 T
. e b
3) BB S713l2 s Wely A3z
AWy a
Ry = 6()
+
= Ep =48V R, Z7Q
b

B =%l o]& (Norton theorem)

- 4o 2eAF ded 29 AFA()d A (RS BER 582

o b <:¥l T} E>




(
e
Iy
b

B~ A
5 . T
S e S8 ¢
wp : <,m_. )%? 43 v
S Y : J : : :
ﬂA!L mlb_\ ‘HOI i e n.n.._,. m ]
- i = ! = = S B
LE ﬂmu ‘_ﬂoﬂ nm.u _unlm M.._” = M ﬂw I m =8 m L=
w o gid Wy 2 5 3 1 :
;o_ Eo :i =3 [ ] _ + o | ’ ﬁ. {RE.. rﬂ,. ...M V
= = = . . : :
o R . 2
: 5 _;dﬂ e =
¥ = 5 _ L & 1 ._._.
o m
Mrm nﬁ Eo = Wmﬁ = il e nm._m
£ [ ® < 2| 5
T ow [ 9| % 5 L A
L 1Wﬂ 7 y
mw & WESe x > 5 .
2o ™ = i & mm R ﬂ% :
g % o il b B i =
g N __. = 2
5 X S 5 i i
508 g A N S i
=21 % i 4 s 3 2
< " ) = QS T I
T = o 32 B E = ﬂ
I w S SId I
g 3 i Sl w T 2
Tk e o I I .
o T = b X I W s o
R o S5 = o : ot
e ] ;
I sS4 Sl -
| | I~ ”.\ \nﬂ,_/ S
n () - <
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i

d A 9.14) a,b HA FH=3| 2

R4§iﬂﬂ

=S
c o
s Lol +
—w—|IH
T 5 Fm_z L
S
k=
W
Loe']
o
-1
=]
e
o
s z

R

E)

=

"

o

o—pr

40+61 =240

(402)(62)

Ry

Short circuited

S s 3
Wy AV
\ o \\ R_Z .
= =] d < ..N.Ma..%
-~ 3 =] 35
g e —
HV ..nmu/ ~
23] 73]
e Z -
=+ v T
\)\(1(|+___“ _ __. .<_,>..|“.I“l.|__.
o ol =
Y
L0
a
Ne)
= I
;.OU
I o
: N
=
DTN iy -
N N A
N — ~ R
Il
I~
N __4 N M ﬁ I_.
3 - 3 Il N
SHES ~ hiN NG
i _i_ NG|
w - ol = o >
T NS " o

33 =

W

IV#

o
2

e RER=

=2
[}

5

(3) =¥

R4§tl}ﬂ

-

= 5]
o i

— Wil

AR )

R;
411

2

6.25 A §RN =2
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B g d8g A Do)l (Maximum power transfer theorem)
- #3Hload)ell WMol HAWE ADH7] M e HEASHAT Ry 3 PEAG
R°] A2 & uolt},

‘\}QA fl- R =R, w ¥3te] Hojdel
Th
+ Edies

—Em R =Ry

T EEREEE

=L d Ep, | B,

= P, =LR —( )(R )=—F—
L — LTL T\ | T T 4R

<Hl Bd 5718 = ef FobA >

o) HekAe Rl Auss HAoager

Ry Py 601 \2 360072,
AN & P:ﬂR:(—) R)=
9 () 1) / B9+ R ) T 90+ R,
+ +
ETFJ_: EGV gRL 5[ . ZSIEHEE—:! (RL:RTh :99 )
?
=t = P, :M:mow
e s (902+912)

Py = 100
90
80
70
60
s0

40

I I 1 | 1 I I |
0 3 910 15 20 5 30 Ry (L)
Ry

<Rl W A T E(R, =R, =92 W HhHad)>
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A 10%. AW A (Capacitors)

B 4713 (= AA) (electric field)
717
- () A3 ()R Aol A7 HL Fol vAE T3
- B daprtolde wheo] Zgatm, thE Ak AboldE 1ol
&3
- A7 A4S HAEAH(electric flux lines)o.2 %&
- ASAS FOAFAA S)A}E T
A
| — \
N\ 3@;/5;'-:3_** N\ k@é':
- - - i —
// B === \\ b \I I/ -
e W LA /1‘1[ u\
[(Q o5k FZANITTRNN
<ohE Askzre] A7) %> < d Askre] A7 H>
- ANFEe A9 99 AS EREE A%AY At BesE 3
(o} 2o A A avt 9 bollA] Bt dEHe devt Homg
71%ol 73
Lower density
!
= Flux lines mdiat.e.
Higher density e

F
Electric *
flux lines A

<ol AatzrE &

o

"~ Positive charge {

[

P
4P

o datz

3
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» 7] %A 7] (electric field strength)
- A7 el & Al @9 dE ¢(+10= T Wl 1 dsrh v
Ho] 77]

1

7]

(newtons/coulomb, N/C)

- At o AAF el =2 &9 A3 ¢(+107F R F

e
e s @
5 i

— (k=9 x 10°N-m*/C?)

€ =— (N/C)

2 %2¥dd & Utk

B 7 9 A8 2 (Capacitance)
« AW A H (capacitor): F+ AEA I Alolol AAA(F7] 5)7F €2 A}

Plates of a
conducting material

.‘|+
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7] 9] A Bl 2 (capacitance): 7T AElol] A3lS A4S = d= 5H
- ARAEATL F5S B AR T U e HAE FHT 5 AU
- AAAE S oE B9 ARV Hh 5 e A% Q9
0 C = farads (F)
C= ? () = coulombs (C)
V = volts (V)

Q=CV (coulombs, C)

A71ZA 7= F 3 Abole]l A d ol whul#sta 17kt vl Bl # g

vV
|£ -
d

AWAIH F
2 A 2= (dipole) &
(HAF(AAHE= A= (+)

FA2 el A5

o]

]
il

H 70

+

ﬂf*ﬁi%*bhﬂ%ﬁﬂﬂ
F719] e FRAT A5

Abel 7l Al (E

SHFAE ol = WA e w2
=% ¢ 8H E]_}_‘EH H

+ + + +
s Vivolts) d
gg g%\miemnﬁc |

E = volts/m (V/m)
V = volts (V)
d = meters (m)

A A A))(dielectric) @] <3 3
Ut At vol & LA wid
(polarized)

-04 ;ﬂ_ 7] xo]_ %dieleclric O] ]?E]—/\g ?:]z—

R

A

++++++ 4+t

Vivolts)

AHS) R
WA o g2 derh 449
. Resultant
More charge electric field
on pims
++++H++++ A4+
2 oo oA i ool ol oot 1) o il s ol it efli
‘ = ] Dielectric
__I_,_¥_- S _~|  (mica sheer)
aept ittt iy
1\‘1\ ++++\++++‘*++++
( \ ]
Opposing field
< Arolol fAA AFY>
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0¥
=2
Ho

o
N
lo
do =L

= . (dimensionless)

o71M, e= A FH&

Relative permittivity (dielectric constant) €, of various dielectrics.

T = HH 2 & (relative permittivity)

&
A& eo & &

A A e

Dielectric €, {Average Values)
Wacuum 1.0

Air 10006
Teflon®™ 2.0
Paper, paraffined 2:5
Rubber 3.0
Polystyrene 3.0

il 4.0
Mica 5.0
Porcelain 6.0
Bakelite™ 7.0
Aluminum oxide 7

Glass T3
Tantalum oxide 30
Ceramics 207500
Barium-strontium titanite (ceramic) 7500.0

Dielectric strength of some dielectric materials.
.|

Dielectric

Strength

(Average

Value)
Dielectric in Volts/Mil
Air T
Barium-strontium
titanite (ceramic) T

Ceramics 75-1000
Porcelain 200
il 400
Bakelite® 400
Rubber 700
Paper paratfined 1300
Teflon® 1500
Glass 3000
Mica 5000
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B A9 A H (Capacitor)
A E o] AfAIEH 2~

- AN EE @ dHo] 258

C =e—

A 10.2) AHALE=E T3}t

C=5uF ="
é Oﬁz 2 34
d
d
Same d. €,

(a)

same A, d

€= 25
{paraffined
paper)

-
Jhu
X
i)
o
)
o
o
Jhu
il

[e] o [e)
fFHdEo] =5

C = farads (F)
€ = permittivity (F/m)

2
A=m"
d =m
C=01uF
d
(b
— J' - -
C =(0.1 uF) = 0.05
C = 1000 pF
All parameters
d ‘ Fa changed
8t €, = 5 (mica)
{cy
4

"= (5)——C,) = 160(1000 pF) = 0.16 uF

(1/8

!

B A9AE 329 3 X(transients)dH] - 54 &7 (charging phase)

T o

|+
I

+1'R—
Wh
R

L
M
/

ah—

)2A

R-C X3 2>
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SAEA ] AT E A}

vp = E[] — c?_’.-'r"} . {(volts, V}
¢ harging

o714, 7= Al A< (time constant)o]z} &

T = RC (time, s)

rlr
~
Il
(@1
\]
1o
R=)
o
1
2
zl
&
_\|\1_,
A
of
2
it}

c

ko

E -

0982 E o 0.993F

I0.865E
(86.5%)

(98.29)! | (99-3%)

F99.3%

.
1.0 ——T"T |
0.9 \ ]
\ =
0.8 y=1—g™
\
07
/]
i Y 0.632 (close to 3/3)
\
0.5
//\
G T 0.368 (close to 1/3)
A
0.3
/ N i
0.2 Ao
/ N
0.1
/ [y
0 I 2r 3r A o7

<Al A4 (time constant) 1] Z>
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E —tfr _
c= Eﬁ‘ . (amperes, A)

o714, 7= AWANEAR Aot Tded

=|m

B
CI.363R (36.85%)

E
S 01355 (13.5%) L e
0_05% (5%) 0.0067% (0.67%)
ki 4r St &7

1T 2r

<SATGAANAY AWAHA 7 Heh>

vg = Ee™ " (volts, V)
charging

= (%e_t/T)R S

—F—v =FE—E(l—e V) =Fe /7

0.018E 0.0067E

0 Ir 2r 3r 47 St 67

<SRAGANAY AL #ish>
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W A9AH 329 A (steady state) - FAAR

- FAgRY W >57)9 2 AMAEHT ARG 2
v,=FE V], v,=0[V], i.,=ip=0[A]

C

e
X

+ Uﬁp:ﬂ'\"— o

T

1 Jf =0A

Vp= volts

pen circuit

<SAgRd W SRR (AMAEIE >

B AGAY 29 27 29% A4SA
29N =009 We) szt ANNE A} teshor) AEl o S

E
+ Up=E — 2
o—— Wy e=ie=1
+ % )
E—_T £
Short circuit
ek

<Fd 2719 e srkslE (ARMAEE &

¥ ANAEH Fee] AGe £nHoz WG & foh

s (2)(8) - ()(8) e

_55_



B AdAEH 3=29 F=AH(transients) - #A &4 (discharging phase)

! ) + Up — =l B
e N i 1 AMA—— i
R e R
+ 5 5 +
o = C == ve il C =T~ tc=E
Jc=1g
L o
- =912 1H: FAEA < AAElo] FHo] faE T LA
- =912 2¥: e 2o w dod HdA e JrE>
o WA AMAHAY W
ve = Ee™'"
discharging

T = RC discharging
o WA AR AR
E _
e = EE i
discharging

v = Ee™ "
discharging
O 2914 57 A7 ofc} 191w} 29102 Mgk wjo] o}y
A Uf
. I o,
| |
| |
| |
| |
| |
| 1 1 | | | 1 1 1 1 1 | | >
fTJ It 2 3t 47 51’:' 6r 7T 87 WJDTIITtE’HE’rHT]STT !
Switch in Position 2 Position | Position 2
position |

<FATAE A Y >
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i
E | _
R I
|
|
|
|
1 1 ] | 1 1 I | I 1 ] | -
O I7 2r 37 47 5 67 T 9 107 LIT 127 137 147 15 f
e e
R
FIYPAEAR o>
Ur
Ex |
|
|
|
|
|
1 | ] | | | 1 | 1 | ] |
0 17 2r 3t 4r or T 9 107 117 127 137 147 15 f
-

[€)
e NAF7E E5RIA C7F E45) XMLl A (7=32ms<d W)

ic
S mA
T =32 ms
160 ms 480 ms
L 1 1 1 L 1 1 1
r 0 320 ms !
SmAkb—————————

4OV o SmA

1 L 1
0]40ms BOms 160 ms 320 ms 480ms [

(57) (107) (207)

-5 mA
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B *x7]|Z7Z(Initial condition)

o AdAE V2 FHAHA A= AEl(v,(0) = V)olA =AAHAE o

Ue
- + vg — TV’:r
¥ o AV - S }
R i I
+ % :
E= C =1 i
B = I
Vi Transient | Steadv-siate

. . — S

= Initial response | region
B conditions !

- _ _ 0 :
<E7|RUGE FRe 2>

=B1-c ") =(V,=)a-e")

A71A Ve T4 AF(fina)AH(V, = E), V= Z7|(initial) A1V, =0V)
Vol 9l& ZA-+(V,=0)d o A3\A sk

7

v, =V+ (V= V)1—e ")

Ve = Vf+ (V; - Vf {?_I;-T : ﬂr )\]1:/19/1 %]11;&4' T}E%% Hol’xé)l}

A 10.10) 71shAIE o] 7] b2 4velt

o AN —
22k
+ + +
E =24V Ve C = 33 uF 4V
Ry
Wy
= 1.2KQ

a. 29179 VY w ANAHAGE FH o2 FAte

NASF 7= (R, + R,) C=(2.2K2+1.2k02)(3.3uF) = 11.22ms
v, = Vf+ ( V,— Vf)e—t/r =24 V+ (4 V—24 V)e—t/ll.QQms

- v, = 241V —20 Ve—t/11.22m5
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24V

] 56.1 ms

<AAIAE At

-

\4

b. ¥} % 7] 7Htransient period)d] AIMAEHAFZS F2 02

=

& a2}
E=V, 24V—4V

1
Rl

—Nol = =
t 0 = Lq] n Rl + R2 2.2k024+1.2k02

2

=5.88mA

ANAEHAF: i =(5.88mA) o t/11:22ms

C

kf-{_—
T 3.88 mA

0 56.1 ms f

B <7tX (Instantaneous value)

- A B ARl A9 AAH A 2 AFES ond
o) AHAE AL v, =20V(1—e ™) olm, t=5ms wlo] W} w=7FHE?

0, =20 V(1 —e 2m) = (201V)(1—e *°) =18.36

o) v, =20V(1—e *™)al wl 10Ve] meabs AJ7He?

t=r(log,) ((Vi_ V})) = (2ms)(log,) ((0 V=20V)

. = .,
vV, 0v—201) o80ms
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B AHAHAF

C ANAE AT A wA A
dve
i-r=C—
c dt
- AAANEHAF i = AWAYH A v.o WSEe v g
(v,9] W37} glow i = <Jolrh
d A 10.14) 2uF o] AWAIH FFe] [P o] offet #E W, HAFayE 27
L U{iv}
4
wlaf=
: : . : : 2 f (ms)
ol ol 3 4 5 6 7 8 9 10 1l
Ay |'l
At
e (mA)
4
0 1 ) ) | | | ! ) =
1 2 3 4 5 6 7 8 9 10 lr 2 f(ms)
~1.33
B A2 PAH AgAH
= 2E AT (& (S |9
+If\— +I§— +I\-
.| == v, V, Va L:L+L+L
E= = G ¢ GG
-y E AAH
Or
+ +| +| Oy +| O
Eg ==V, =V, = Vs Cr=0C +GC, + (g
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A 11%. A9¥ (Inductors)
ZA71 % (=5 A+#) (magnetic field)
A7) A o] TR GGl A wAstH, zE M (electric flux lines)

A& A4 N(north)=roll 4l S(south)= o= &%
A= 2 AA ol Z}7] el <] 3 ‘/P%’“T_Jro] 2F-g-3h

Same area
—

. S - S
e s .-'/'- & .
= e e e e o5 3 = / —— 3
I,a’;f"’_ —— T \‘.\ . - £ . ~ \\
e B e i I e, |
e P T - >3 ) 1 Ry, 1!
R [ ——— e — R =/ SEsm——— W e et -
/:: NN e —— N R == ERE==N N===C SEC
A e ——— R P e )
R el "
== e N1 ¢ R 1)
S S s /! 3 —-—— \ — >
R S T o) - e
s e — e ——— e % e / \\ e 7
i e < ; o
e e e T - T ———

<t 40 94

)
ol
o
vV

ATAA FH fE e T
Ao 9x&H &M By
24 Al (magnetic material) 7} #H4:7 2

o gl Az

.
{
i e e
==
e 2
Pomisoi s oiseh e e s e
o
\ A L&
M ==
£ el
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7kt A5 7] (sensitive instrument) 9ol AAAAZ ZFAHE Q] F-27] %
o

2] ¢FS- = 2}7] ¥ (magnetic shield)®

Hflfj:::::::::\fq, R

Tl

-—;—/ I . I e

ot _,I /-_f\ o)
| Sensitive

®7 7| \ instrument = —F

(A A

foas———————— =~

T ‘\_\\______________ _______'{’ T

22U A (right-hand rule): =40 32 HFe Wigo=rm o2& 9
AE Fotes 8 o e Ertgydo s zp&do] Ayt

Conducior\

- !

4 LY |

o |
I[ :' I(
|_“'\\'-’ llr'l

%!

\ \[ﬂ\ \.{é_\_.\rf} -| m

SERTEHEHE
~ RN, VAN =
2 :%&_:'\ = ==

<X4XW> CHAA S AT B>
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- A4 9 & (magnetic flux density)

- AR e AsAdY] 2RAESEE)E =5 4T

- AHEUE B dHEAT A= Al 7
2 WA A Ave A Tl (F9= Wh(weber)$)

n
juls

S|
/A
5] B=Wbm? = teslas (T) .
B—— @ = webers (Wh) ————
A A=m’ -S
- AE5EE B 49 E "HEggak: &

ltesla=1T = 1 Wb/m’

» 7] 2} (magnetomotive force)

- AN AEdrE 73U P N mde 2 AF o vEdt

- A e mdd BAFs AR FY

% = NI (ampere-turns, At)

- ARTR FAE gl GF A FAL

#_i
" e

— 73 A2 Al (ferromagnetic material)2] B F A& 1, > 100 (WA A =

Laminated
sheets of steel

Cutaway section
/ } ©

Transformer

Medical Applications: Magnetic
resonance imaging.

Meter movement

_63_
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B 29 ¥ (Inductor)¢} 219 ¥l 2 (Inductance)
= 219 ¥ (inductor)
- I YAfolo] FA}Eo] =2 4o
s A= AR
- 3 AFE TS A
Iron or
S\);]\% I'errilil]:ore
- WHHo A EHE F A= AL
of 3t AFs FAhsteE AAH
= 219 ¥ ~(inductance)

uN?A

oA 11.2) N, A 2

L,=20 p,H

(c)

nel W] we oy

——

N turns

N turns

i = permeability (Wb/A -

N = number of turns (t)
A=m

I=m

L = henries (H)

m)

W Lo mE
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B AgEEDAY v,

» Faraday W =&

o] M3slg do/dte) w3 2

94

PN
-
N

AR5 N} A

At e Y

(volts, V)

dt

e

N turns

Motion

<Faraday W &

= 2~ (inductance)

o

{henries. H)

(volts, V)

d
s 4
dt

) ojmz | F

I.'I) ) ( dIL
dt

de
di;

Z Z(storage) e Al

B R—L3 =29 F=AH:

<71EA R-L =3 =2>
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(amperes, A)

= %(] — M)

i

o714, R-L Al A <4(time constant)

{seconds, s)

67

)
2
=]
3
2
(=}
53]
=N
=+
=
=]

57

47

37

Ir

E(1— e_t/T)

E—v,=F-FEe "=

0981E 10.99E

0.951FE

g = E(1—e=7)

47

&
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B R— L3 =29 %7 (initial)A B

292 7F W 7] Al Fsks 271(t=0)4 We] 2= 2do] JEdE ot
g
% Ao HAFe SHoE WE £ gl(AEololek
vp=iR=(0)R=0V
=70 A v, =F [V]
+ +
= vy =E volts URZO [V]
- T_ i, =0 [A]
=
B R L3 =29 X (steady)dH : A F(storage)7

A3 Wt > 579 2= ZYS G (short)FE &F 2

uR::‘R:% ‘R=E volts

T
L b vp=FEV]
= =0V
.’:_ l_L . B
T = W
=

A 11.3) t=0°14 =9A7F 23& W, i3 v, H=

L

4H

|

o )
o |

S
=

T3tk

< "y = —— —:2
—“\*\Déﬂ,’n\fi | TR 2 M
+—_— by E
= v, =50Ve 2
2 A
I v,
50V

5t 1
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L oeden MY 4 gome £94e] 7] ode 27

=]
i
r—_——————— 'Irr
|
i ip=L+(—1)1—¢")
”f_ ‘F!) “ I .
|
. _..I i h— o =T
Initilal > e re-Steady-state - ip =L+ (I; — Ipe
conditions gt region R
¢ I

et

AF L(=i,(0)7F dmAd A =927 9ge o, i,

= =
ULQ’] 31]'}— %% :I'LFS}E]'
" R, Y 100mH
= = =11.11
o Wy— i TTR AR, 22k0+68k0 ps
22k i
I + B 6V
E==16V L=100 mH% 0, I, = R 2.2k(2+6.8k(2_1'78mA
R
AW i, =L+ (1)
= 6.8 kO

= 1.78mA+2.22m A e*t/ll.llus

t=04 W AF dmAo|BE Z7| A4S

V,=E—Vy =V, =16 V—(4mA)(2.2k02) — (4mA)(6.8k2) =—20V

v, =20 Veft/ll.ll,us o]

i; (mA)
4 mA vy (volts)
ov 0 4 i oV
3 —
i 1.78 mA
1 T=1111ps
I ! I | 1
0 I 2T 3r 47 Sr

f(pes)
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B R-L IJESH : $E(release)E
- AR AR 21 g AgA 292 AuwstdE A9 x4
2~ 3} A (spark) 7} 243 &

‘X“\,\ n=igh=0AR=0v | ZFFE ZLLF i, =E/Ro] Z=23 Sl=
B gejel 29507k AREE, i, =047 5ol
;E Lg; Ao WaE di/dto]l AM v, = L(di/dt)°]
T i W AR 2AASEAY v =V TE O
DR o] Ed u$ = Aol Ho] ~vua
= Ty, | A
1) =9 A7F @3l= 2719 A9y A
o‘r\ +*:tl{(/|\(_ _'” +»\:$\‘_ _"'I
& . R - R, N
= u o A LS. E__E_ LS i,=FE/R,
Th

2) AZGAZE Ak A7 2 5 227 AR EN e W (FEEA)

(same polarity)
+ vy —

A« . (same
— A e
—0 direction)
i w v Adde 2R i =E/RE T4
+
(reversed 1as R, L%l'{ ko leq— 32% =23 5=
polarity) B -
i
© 29A AP ol Fe 27 mAAR
- 2913 old e AAAE AFE i, =, =E/RO|EE 293 o] Fe
27 ZIAYS v 2s (2L AR ¥ 8l)

R,
= v = _(1 i+ R_)E switch opened

_69_



- BEUAY] ZAAF (27 AF
E _. ,
JL—R—]e i oA7|d T =

. . E i
lezleRizzLRIZERle tr = | = He™
. FE —t/ R2 i
Vp =iplh ZLRQ:ERQ T = |uvp = "R, Ee™
A 11.5) b5 3 zmolA AdA L WEdAY A4t AFE Foket
+Ug,
R’y .
W\' —r.'.
2k0
E=50V 3kO L H4Hr-';
<HFEA> "
* Ef50V
(T: L/Rl = 4H/2k9 = 27’7’1,5) 1‘1_\ Switch opened
"3 |\ 57" = 5{0.8 ms) = 4 ms
s
UL =50 Vei t/2ms Defined o - s ]
e Switch fn';;]sl
i, =25mA(1—e /™) i
Vp = E(1— eft/T) =501(1— eitmms)
Instantaneous
— — fine 125 change
vp, = E =50V alsol
l';r' " {mA) No instantaneous
~ 25 change
A g \
, L 4H
= = = 08 g——" !
SRR, 2korsn O s
efined
. —t/0.8ms larity — YR 4 yolts
v==— Ve R - f/a-,el L I
AAA Same shape
= (”E)Ee”“g’“ R K
=— 125V ¢ 1/05ms o ’
YR g volts
iL — £67t/2m5 =925mA e*t/?ms /:R: 5 50
Rl - 57
vg =B e T=501¢08ms iy 0] :
T _ﬁEeft/T: _75V€*t/0.8ms
& Rl 73
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» R-L3|ZoA A Lo Bzt N8G9 A3 HEUAE R,
AA 116) 2 Lo i HEUSANRE 7@ F HEsHe o
20 k0 4 k0
AW
i LS / Ry
Ej;llv . 'lu R;glbkﬂ
Uy L = 30 mH
e (271455 L=0mA3)
- 9 BeREFAe AMS F Lol
R:+R_1,:
nglﬂkﬂ §4m += Igf:]lfgll

%

o] Mt (Ry =10k0)

T % o BETRIE  (ok2)12V)_
£ i3 En By 16k h R +R+R 40kS2
s |
Ry,
10k R
* L 80X 10°H Y
E-m_;é\f J—Rnr—m—SXIU s =8 us
ETJr 6V

<HEY ZIlg 2> and
bougig
Ep =6V
B U .
"IMZTPI k o
=06mABR - — ———=—f
|
|
|
|
|
|
|
| 1 1 | | | | | 1(us)
5 10 15 20 25 30 35 40 45 50
57 |

_7']_

m

oo W =
R, 10X 10°Q 0.6 X 107 A =0.6mA

ip = 0.6 mA (1 —¢ %)

<qlele Aol dekel Avhuia>



B <713t (Instantaneous value)

o~

)
o

(seconds, s)

olp
Y

ol

+ L In\l'

<
e
o

0

O
X

X

i

0

™

e
T
O

aa
‘mo

270e] 2

e

s v %
= 0 1

A A

N

W 33

P wf 3] =l M e (short)dHl oF 25

w3zl A 7H - (open) d B £F

SH

/?)]—

g

= xz
L

- 73 ATE

2=
o
Wy
iz
=5
.
+2 |
1L _
g
MW
N
.
000
ju s
(o]
Il
e =
RM?.
_
+2
1L
155]

o] AF 10V/22=54¢
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oA A 11.11) A%

&d A 2

0V

i R, !
" 20 " I,E.ﬂllﬂ R,S40 20+102+71
=-30V 4 Lo w270 V,=0A4)T02)=35V

E = s
- v v,
9 o ~ (1+702)(50V)
< "= oriovm Y
W g e AFF o X (stored energy)
h ?_]_E‘;‘Eifﬂ a2 pL_ULZ[,O]Uz] X]Z]‘Q dquA= HAEE& Ak A

gl S99 7 e "] AgHE oluA <

Witored = L‘f m (joules, I)

Energy stored

oA 11.12) dgEl AZE |AE szt

R, R,
Wy —W—
+ +
E=15V LglﬁmH - =5V Ilf
20 20
L—WW Wy
- Ry = R,
E 0%
b = R+R, so+n A
1 1 -
VV;torcd = ELIS'L = 5(6 X 10 3H)(3A)2 = 27mJ
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