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A 2. ALFH AF (voltage and current)

B 43} (electric charge)
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= &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)
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s3rd shell

/18 electrons
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2nd shell

5 electrons
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Free
electron

T2l (Cu)& Xt HE0H=(Ge)A X

« )zt A= HAH7FH AH(valence electron)) ] 47}

A} A (free electron) 7} @

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

- Azp 179 Ast= 1.602x10 Y

— 1222 AR 1/(1.602x10 ¥)=6.242x10%7] 2] 7] 2k

12 electrons
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< 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
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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
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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
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B A 7 (current)
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amperes (A)
coulombs (C)
time (s)
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Chemical
activity

R

(voltage source)
of FatA dA
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<A 5 (direct current: dc)

« 253 At (de voltage sources)

@ wlEl ] (batteries)
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A A (primary cells): A& %o

A A (secondary cells): A&
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Energizer. = — 9
M srecianceaBiE ' My

D cell
12V
2200 mAh
@ 440 mA
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Imaginary plane
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- 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)

ol

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= ——1 F= 1 =14
mil 1000 in 000 mal in
<Circular mil®] & 9]>
| square mil I circular mil (CM)

o A3 (resistor)d] =%

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

SR <
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@ 7} A 3 (variable resistor) :

2
o Vo
.-
UL Rotatig shaft
4 {controls position
i} of sliding contact)

{#) Fxternal view

Carbon

Sliding contact
(wipes iy

(b Trternal vies

Imulator—

Carbon efement—""

Tnisulino:

o

R

-—C b

()

o A 3 symbol.
1 Carbon element '
o A3k ¢7]

Number Color
0 Black
I Brown
: Rl"t
3 Orange
4 Yellow
5 Green
6 Blue
7 Violet
b Gray
9 White

+5%

(0.1 multiplier : Gold

if 3rd band)

+10%
(0.01 muluplier
if 3rd band)

E 3

Silver

(b)

470 kO |
—_—

FRRHbTANS] SIxlo] Tt A
athale} bEbAt el Agte

Ql
=

(<)

Ist chgit
nd digit

Multiplier

o]

275 ()

Temperature coefficient —I

Brown = 100 PPM
Red = 50 PPM
Orange = 15 PPM

Yellow =25 PPM

S|
o

o] 7

[=13

a

S (Black), Z(Brown), A(Red), (Orange),
%= (Green), A (Blue), AHViolet), 3](Gray),

d
=

(White)

2HYellow),

(d)

FIG. 3.16 FPotentiometer. (a) symbol; (b) and (c) rheostat connections; (d) rheostat

):

A& o Zet 39 Aok Ngt EY
_J)l i | A1), AA(2), SH(3) | 12x10°02 =12k 11.4k0
FIG. 3.23 Example3.11. R QAPHO] +5% 12652
4 ' o S]A(8), AA(2), M | 82x 107 'R =8.21 7.380
FIG. 3.24 Example 3.12. =M QAFHY £10% 9.0242




A 4%, LW, AY

ul

=

ol J X (Ohm’s law, Power and Energy)
B 259 HF(Ohm’'s law)

» AdE) = AF@el HeetH, v 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= oAYA|(W )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 ALgFH (P )olch

W=~PFP-t

(wattseconds, Ws ZE= joules)



A 5&. A&E dc3¥ 2 (series dc circuits)

» Al X3} (series resistor)

N7jo] RatSo] XA AAEAS mf MAA S zF xjato] st} 2}
RT:R1+R2+R3—|—- . '+RN
o) A AT R,=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 UM SUsit

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 Qrt MY B 7]

—
)
(o]l}
=
X
o
-
i)

gt 2t

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 NF gHe AYEY (HYAE WA A7)

CURRRHT (miy
- 4
=t =

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

<wE F2Yxlo] st AREY (ARAL ALz 42)
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CEEESEEY

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 ALY (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.

|23 XAHA (Kirchhoff's voltage law: KVL)

m 7]253]|3%
>4 2 (closed path)o] @& FAS9] $H2 Fo|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)

Ao 2o AY ZF Do A2 AY Z7]o] ofsf 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)% oEAG vgo] oW MY FUA>

A ARu|H Al (voltage divider rule: VDR)

- AR RN AY Rr, FE 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 A 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

<YBAE R, BolXE R 9] Atolo] T2 EHJXAS] A3k
I

Rin < RLOE]4\—% H;]’__é._j 7

_15_



m A= WRAG

- AERIE URAZE 7 5+ A
- o]AFAQl A FA|(ammeter)?] WA g 0] 0
- O]AFAQl H A A (voltmeter)?] YEAF2 o

o0 AFAY H3& 7 (loading effect)

C ARAPE WRAT R, & 72 W 2" AFY A7)0 et 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 ARQlste] A& Et

Model: MB-102. pLy

Conductively
connected

]'E?.fl 300 1000

_16_



A 6. HE 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
Fe= G=1/RY 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
&
)
] 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 ¥HEHJ| 2 (parallel circuits)
Bﬂaﬂ;iqk w2 AKX} ofclo] Xoto Zoalg .
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_



pf)

_— — 4+ —o0]o oFy o] 7} A& oF =2 33lY
RT Rl+R2 ] =2 O\_Oﬂ i }'\_1:1 E= HO]'\_
B_E, E
R, R, R

ol 1, . =FE/R;, [, =E/R, ¥ I,=E/R,0|2&

L=1+1

Py=Py +P,+P,

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

o
~»‘°‘r\
b o

’
’ _
_— UsE AEY ¥
N // MNI=L+I,=44+84=124
=4A System.
o ST - R ETIE WA T
junction N
Db, = b+ 1L =24+104=124
rf =8A
,l* L gaHE AR @ Y [=D,],=124
1
1

_19_



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 =& voloz
T
V=15R = LR, = LR, = = LR,
olc}. FAIH B
oV LR,
" Ry Ry
O R==1
R
I, = RT[T
ol}.
S j:’r ;
e T
1 | N E— 1 +j
I = |5 | | |
e vgnj R, §R3 ? $R,.,. v §Rr
T
i
<HZE3=2> <&t 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 A% viey
AFe A= 52 7= 24l A= 38l do=z HAFI 55

n ¥ KUY (voltage sources in parallel)
YT Aol HEE A4E o V9 AgHEer giR[g 4 Qo
—n D
B - (h=h+h
+ + | +
e, O et > £ =1V

I— T a2 =

= 7% (open)?} T=H(short)
3]=9] 74} (open) 3l29] T (short)

Short circuit

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

- 21 -



* 7 (open)d] =9] o

oj27} 7R 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] S 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 I AL 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
el AMAR 7 B5F 520, gees HAd2 ovoltt
- 22 -




n HLA Bsta iy}t (voltmeter loading effects)

olaHel BYAE Yol Ladoiop 5t

CAA AJAE URAFol szt obd
o= Qs SRS FUste 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 S0 Agidoz 2 xael, 11MR > 10k2)

DM

11 ML)
H—dpe—-

- — — — — — 1

i 10k}

2) 10k gHo] AL &A517] 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 oxb2 M (v WRAIZol Aose

2 Aol opd)

3) 7Ng=l=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 Y 2> <AUAHWEAFO] 11M02) A2 3>

1

s U3t Y C(breadboard)d] ¥§d3|z2 A 9

! R,%Zlk‘.! R;%]lkl!

_23_



Reduce phase

Refturn phase

R =Ry+R,

(b)

Ry=R)|R

(c)

_24_



dA 1) A7 = ekek

R, 1) Ry I
M — ——MWN——
2k0 . A = 2k0
+ ] i = +] ¥
—st R2§12k0 R3§ﬁku Reduce FEEV R'§4kﬂ
R =R, Ry =12k |l 6k = 4k
R,=2k02+4k2 = 6k(2
E 54V
], :] _—— A
AT R Tk M
] Ry 12k12
A7 2 (CDR) 2] 3 12712(—) =
Sl e ol o3l I (R2+R3)1 k0T 6h0 I9mA=6mA
m B2t (block diagram) P 9
8 2 (network) & HETS 2 Balotel H28 d4ee Y
a b i.-—fil’—l-— MA b
O A O
| | L 2k0 v
+ + RT, B c
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