XS Als 222 323}

Resistor Starter coil
% (a) An automobile
ignition circuit.
Auto key Starter motor

Switch Capacitor ﬁ

—

Resistor

Battery

Y|
A

(b) Model of the
ignition circuit for
starting a car.

—A\WV

Circuit Theory | Lecture 2-1

(b) Voltage-current relationship for an
(a) An incandescent lamp. incandescent lamp. The lamp is linear within
therange -i < i<i.
- &8 A X= superpositiont homogeneityE = &tHCY,
Superposition : i, 2 SE€0lv,,i,2 SEO0I 1, 0IH i +i,2 SEEv,+v,.
Homogeneity :i2 SE0[/vO0IH ki 2 SE2 kv

Circuit Theory | Lecture 2-2




-3 Z 0IES HEE Mol= &S 2=ot= NE TAOF 8L

Al -3 Aot AL

]
a
ot =AH2Z, SAEHZ HE s » 3SE+ .

(3) A2 74 £F 2H0l Xo1HQl ZE2 8lC

Circuit Theory | Lecture 2-3

S8+ H2A SXZ= A
M (1)2 YR QIkeHs 2RI (8, BR, HO0l SAN A @20

ZAZsl= RE 201.

— 1 — — 1 —
F Ehohst 25| F (=a=3% =2
A ) (5, "a))
-2 IS B I US.
v, =+E/p
- SXo BB ASIFEIEE O 22ls Al (XIS AIZD2
At=I/v  (s) olCt.
- AZO| Ciohst SHE AMAEI WEOZ Ko 2E B0 SAIHOR 98
s2les 2.
- 2QEX0 SYSYS SHE B I L2922 HO 2E B20| 22
AZH 22 STie 2K R0 MatA, 22 F2H9 282 CHROI0F 8t
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FEH+ HZ moole J|IE
- xlod AlZkel ol Lol M Thal & Ealze] 7|2t ol 2 Sofof B
At/T << 1
ol ZZE WUFAF|H BEHS A= 2 4 ek
-ERAOIM EAbmel B sz Ecoleh oo L 3 908 L
Vot
-AlAgiel £4 2ol |olahsted Xl AlZk2 At=1/c Ol =3,

60 Hz2| 4+8 T 2lol| choll M sl 2 At 1/3%x10°  Ix2

T 1/60 10’

matA, | ol flgkE (X km) Z X Yod AESH4 A 2 Hotx Pursich
- gk Fml471109 HZ0| M O = HEo| A| AR K| MEH4 A= & AP
At 1/3x10% |
— == <<l
T 1/10 0.3

0.3 mEctof < Zfofof Fhef
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SlZ2AK-HE
R : resistance Q (Ohm)
Vv
R=— —— Mo

I
- NEe SeS4 MY 250 Ot 372 25It HHE.

I 3]

\'
+

+

- Inductor Lt Capacitor= & 22| 250 et @F/ 2 2SIHHIH K 23S,

:—T— i ‘t |
F

Circuit Theory | Lecture 2-6




- 194171 = George

Ohm’s Law (I)

Simon Ohm 0| &&

J=6E (J:®Ru=, o:=mM8, E:HA)
A (K &) - NS AWM LRZE DRE E2IH
mav SHI(HER) WS &H D EX.
< t=0 LI BBE JI5tH TH W22
NEsH= AN AHA It=C D, o
aot= 80| ACHH Hot= P85l It
SICH
QU SH UWRNE 245 22 d
ot UMM 2 SSotH Q0 s 2
SO 2ol 2D YAHs 250 SXYO
2 =0t
m E-muv ) )
dt a w5 ae, M B s (ME &= Fu)
Circuit Theory | Lecture 2-7
Ohm’s Law (II)
3|20 QIEIAS S A5, ®™HE step function®Z I} AL AL
= 4 dv . Qe
E —+ uv = —E
dt H m
- q —ut\ g
v(t)=——1-e*YHE
i B (t) mﬂ( )
MR Mol ©9 Al2tY 50|22
3(t)=N~q-v(t)=ﬂ(l—e‘“t)E
mu
(N:7H=, q: TsHE, () )
t —>00 j:'r\'n—qZE:oE
)
Ng’
=—— (S (=]
(=g ) 88
-t=0 ZHOIME Y, oI NESE HRILBII51T, SEEHAIZI0| B2 F A
-FElel 2, p=10"Hzo|22, AlE$E 101 =0|ch
- whabA, 2t g (e #) O] FAIS 0, Ohmel B Zlo] M2,
Circuit Theory | Lecture 2-8




d
00
1o

300 K ol A 2] X2+ (Qm)

Conductors
Aluminum 2.73 x 108
Carbon (amorphous) 3.50 x 105
Copper 1.72x 108
Gold 2.27 x 108
Nichrome 1.12 x 106
Silver 1.63 < 108
Tungsten 5.44 x 108

Semiconductors
Silicon (device grade) 10501
depends on impurity

concentration

Insulators
Fused quartz >1021
Glass (typical) 1x 1012
Teflon 1 x 1019

Circuit Theory |

Lecture 2-9

Sheet Resistance

e Sheet resistance

R, = pld @
e 181 Z2 thin film resistor? X &= otct.

0171 A, sheet resistance 2 100 Q 0|C}.

e

- N
= - __'_'|\\'\ T \\\
e \"\'-\.f:"\. 0 _&_‘J
\\'\\\\&1 cin
I\\\\, \Bh_________,.d--«-"d__.-'4 f'
\ — - (Hom e

=

Thin film resistor
Boylestad & 66% 1& 3.12

I
_,_r

| I
R = _ -
'OA dw d w

Circuit Theory |
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Temperature Effects

« Conductors

Thermal energy increases the
intensity of the random motion
of the particles.

Positive temperature coefficient.

 Semiconductors

An increase in temperature
results in an increase in the
number of free carriers.

Negative temperature coefficient.

« Insulators

Positive temperature coefficient.

R

%n:perﬂture

coefficient

] Temperature
(a)

(a) Positive temperature coefficient-conductors;

R

— Temperature
coefficient

0l Temperature
(b)

(b) negative temperature coefficient-semiconductors.

Circuit Theory |

Boylestad # 68% & 3.13

Lecture 2-11

Absolute zero

_.‘,__.—""‘"- =

Inferred Absolute Temperature

273.15°C

S

~ —234.5°C

Inferred absolute zero

Effect of temperature on the resistance of copper.

Boylestad ® 69% 12 3.14

X_Y

Inferred absolute temperatures(T)).
Boylestad # 69% I 3.5

234.5+T, 234.5+T,

Rl R2 Rl R2

e -234.5°C: inferred absolute

temperature of copper.

T+, ~ T+,
Rl - R2

Circuit Theory |

Material 2 5
Silver —243
Copper —234.5
Gold -274
Aluminum —236
Tungsten =204
Nickel —147
Iron —162
Nichrome —=2.250

Constantan — 125,000

Lecture 2-12




Temperature Coefficients of Resistance

* a, : temperature coefficient of resistance at a temperature of 20 °C

1

= (0 Cc/O
%20 T;|+20°C Y C)

0 Temperature coefficient of resistance for
Rl = R20 [1 + a,y, (Tl -20 C)] various conductors at 20C.

Boylestad & 70% = 3.6

e Ry : resistance of the sample at 20 °C.

+ R, : resistance at a temperature 7. Temperature

Material Coefficient (o)
Silver 0.0038
o
® PPMI C Copper 0.00393
R ) Gold 0.0034
AR = M(PPM)(AT) Aluminum 0.00391
106 Tungsten 0.005
Nickel 0.006
*  Ryomina : Fesistance at room temperature.  lron 0.0055
« AT : the change in temperature from the ©Constnian Q008
Nichrome 0.00044
reference level of 20 °C.
Circuit Theory | Lecture 2-13

Types of Resistors

Fixed resistor 2} variable resistor J} QIC}.

ACTUAL SIZE
« Fixed Resistors e
- Low-wattage. ':ﬂm Jorem—
— Molded carbon composition resistor. W
—mr—
1w
Insulation

Colse Binds material (I
Resistance material e

(Carbon composition) {0

Ve w
Fixed composition resistor.
Boylestad # 75% 1 3.17 Fixed composition resistors of
different wattage ratings.
Boylestad # 75% 12 3.18

Circuit Theory | Lecture 2-14




Temperature Effect

Freezing E(.)yn Temperature Boiling
+10% 1 = +10%
i i 0.5 M£L 0.5 M) 3
+5% = =] +5%
- =
N - I
0 — 10k T
o 10 k2 = 4]
50 -5%

-60° -50° —40° =307 <20° -10°

0

+107 +20° +30° +40° +50° +60° +70° +80° +90° +100°+110°+120°+130°+ 1407 150°
Ambient temperature (°C)

Curves showing percentage temporary resistance changes from +207T values.
(Courtesy of Allen-Bradley Co.) Boylestad # 75% 1 & 3.19

Circuit Theory |

Lecture 2-15

(a) Carbon-composition

(d) Resistor network (simm)

Circuit Theory |

Fixed Resistors (I)

(b) Metal film chip resistor (¢) Chip resistor array

(e) Resistor network (surface mount) () Radial-lead for PC board insertion

Typical fixed resistors
Floyd # 39% 12 2.24

Lecture 2-16




Fixed Resistors (II)

Color bands

u) Cutaway view of & carbon-composition resistor

e Surface mount technology
(SMT) components.

e Very small size for compact
assemblies.

Two types of fixed resistors
Floyd & 39% 1& 2.25

Circuit Theory |

One common fixed resistor is the
carbon-composition type (mixture of
finely ground carbon, insulating filler,
and a resin binder).

The ratio of carbon to insulating

filler sets the resistance value.

Lecture 2-17

Insulating coating

b |\.,‘

‘II|I”

Wire lead

Metal or
n film

i
" Metal
end cap car
scribed helix

(a) Film resistor showing spiraling technigque

Circuit Theory |

Fixed Resistors —

QOuter insulated

Film Resistors

« A several material is deposited evenly onto a high-grade ceramic rod.

e The resistive film is carbon film or nickel-chromium (metal film).

« The desired resistance value is obtained by removing part of the resistive
material in a helical pattern along the rod.

- Very close tolerance can be achieved.

Insulated
coatng

Resistive
element

Termination

(b) Resistor network

Construction views of typical film resistors Floyd 2 40% )& 2.26

Lecture 2-18




Fixed Resistors — Wirewound Resistors

« Wirewound resistors are constructed with resistive wire wound around an
insulating rod and then sealed.

« High power rating.

« Since they are constructed with a coil of wire, wirewound resistors have
significant inductance.

- They are not used at higher frequencies.

Typical wirewound power resistors Floyd 2 40%& & 2.27

Circuit Theory | Lecture 2-19

Color Coding (4-Band Resistor)
TRE M0 B2 HEN= M2 NE 2 S LIEHHC
Tolerance 5 %, 10 %, 20 % 2 M2 4 band £ LIEHHCE
MOo fAXle HesS g2 1) 29 Hl A XO|LCH

el ool Q=g &5 (extra band).
m UIHM: M&Xe 82X
; + (manufacturer’s
- tolerance)
Ist digit — = T [ Percent tolerance
e = el ax,  2nd Multiplier
digit (Number of zeros
following 2nd digit)
Mg W: 109 &4
Color-code bands on a 4-band resistor.
Floyd 2 41= 12 2.28 (power-of-ten)
Circuit Theory | Lecture 2-20
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Color Code (4-Band Resistor)

4-band resistor color code.

Digit Color e HIHHI 20| SM0|HL
. S2M40[H 0.1 £= 0.01
0 RBlack % _3_=H:|'
= - F 3M2 13, 24
fed 2 -2 52 90|18ttt

Resistance value, first three bands

and—1st digit

cond band—2nd digit

1 5 Green
Third bund—multiplies (number of

zeros [ollowing the 2 1git) | P g

* Failure during 1000 h
of operation

Brown :1.0 %
Red :0.1%
Orange : 0.01 %
Yellow : 0.001 %

JE b >4 0x oo oin X oy

O ONGOUA,WNERDO

Fourth band—tolerance
t10% Silver
! 4 band resistor color code.
For resistance values less than 10 41, the third band 1= enther gold o silver. Gold s fv Floyd M 41% T 2.1
multiplicr of 0.1 and silver is for o multiplicr of .01
Circuit Theory | Lecture 2-21

Color Coding (5-Band Resistor)

Tolerance 2 %, 1 % or less. 1,000A12+ AHSAl
sz =g
(extra band).

K& 5182

Ist digit — ‘ ["1'rfi_'m tolerance
Ml Rl =X | —— Multiplier (Number of zeros
. 3rd digit following 3rd digit)
2nd 109 &4 (power-of-ten)
digit
o UIBK 20| SMOIHU SMH0IH
Color-code bands on a 5- 0.1 £= 0.01E =28iC}.
band resistor.
Floyd % 42% 12 2.30 - [CHABR - tolerance
+29%:Red

+ 1 % : Brown

+ 0.5 % : Green
£ 0.25 % : Blue
+ 0.1 % : Violet

Circuit Theory | Lecture 2-22
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Standard Resistors (I)

Standard values of commercially available resistors.

Boylestad 2 80% H 3.8

Standard values and their tolerances.
Boylestad & 80% X 3.9

Ohms Kilohms Megohms +50, +10% +20%
) (k) (M)
10 10 10
Q10 0rbtTe 100, 4000, | 105 SEA00N iR 00 1
OISR E1 0107 00 R DR IS T 110 12 12
oz Mo E 1z e 1200 12000 T2NENTRONEnnt =iy 13
oY Cia 130 18007 (13N R ia0R e sk 8T 15 15 15
015 15 15 150 1500 | 15 150 | 15 150 16
016 16 16 160 1600 | 16 160 | 1.6 160 i is
018 18 18 180 1800 | 18 180 | 1.8 180 20
020 20 20 200 2000 | 20 200 [ 20 200 s o =
020 i s SR T00 | e B 08l [T S gy =
024 24 ;4 240 iam 24 240 2.4 5 5
027 27 7270 700 | 27 70 ) ==
030 30 30 300 3000 | 0 a0 | 30 = 10 % SII5HA :2 2 =
033 7 33 a3 30 <3300 | 233 <t Azl hia o= 019? = :
036 36 36 360 3600 | 36 360 | 36 5 a
0.39 39 39 390 3900 39 390 39 5
043 43 43 430 4300 | 43 430 | 43 43
047 47 47 40 400 | 47 430 | a7 41 47 4
GRS S ST T e ) 51
056 56 56 560 5600 | S6 560 | 5.6 =0, =0
062 62 62 620 6200 | 62 620 | 62 62
068 68 68 680 6800 | 68 680 | 68 68 68 68
075 TS 750 n508 S0 Ts g soRl s 73
082 82 82 820 820 | 82 820 | 82 82 82
091 91 91 910 9100 | 91 910 | 9.1 91

Circuit Theory |

Lecture 2-23

Standard Resistors (II)

47 Q£ 20%

L} 1
3760 56.4 0
| |

470 68 01

I
54.4 ) 68 (1 20%

56 01 + 10%
1 I
50.4 0 61.6£)

47 0 10% —,
| |
4230 5170

470 56 () 68 0

|
61.20 i
68 0+ 20%

|
74.8 1
I

7380

I
80 02

|
81.6 01
(a)

82 0% 10%
(b)

100 € £ 204

I
120 2

100 02

100 02+ 10%

|
90 0 110 £
|

100 £2

1
90.20

Guaranteeing the full range of resistor values for the given tolerance: (a) 20 %; (b) 10 %.
Boylestad # 80% 12! 3.29

Circuit Theory |

Lecture 2-24
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Resistor Label Codes

* Numeric Labeling
- ®W, SW K2l 2 2% 123  => 12x103Q
- AW Ael=: 102 &

-10 0l&t2] =5 HAl Jts.

- Alphanumeric Labeling 2R => 22x10°Q
- 8 oHel 2mst 2XH(R, K, M)2 = AIJHS
=2 BAL 2M2  => 2.2x108Q
-2 2 R= S5 282 /AXE 2

ol

fup

R:0,K:3,M:6 220K => 220 x 103 Q

- tolerance: F, G, and J

F:+1%,G:+2%,3:%5% 470 => 470x10°Q
620F =>620 1% Q 4R6G =>461+2%Q
Circuit Theory | Lecture 2-25

Variable Resistors
o JIH NE2 dMAS ZEGHHL MR gt=S TAOte O AFEStCH
- Potentiometer : M2 XEol= I N&
e Rheostat: % 2t2 Z&6l= It H&

-
< g ‘ ==
= )
[ *
I [
I I
i oo Potentiometer and rheostat symbols
i .I and basic construction of one
b type of potentiometer
Floyd # 45% 1 2.34
Bais
Circuit Theory | Lecture 2-26
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Potentiometers and Construction

 Potentiometers

Typical potentiometers and two construction views
Floyd 2 45% 18l 2.35

Circuit Theory | Lecture 2-27

Potentiometer as Voltage-Control Device

(a) The symbol (b) A model for

(1-a)R, the potentiometer

L

@ Voltmeter @
Um e
_1  (b)An equivalent circuit containing a
— (@) A circuit containing a = model of the potentiometer
potentiometer
Circuit Theory | Lecture 2-28
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Potentiometer as Rheostat

« Current-control device

{
Ru.fr Rm"'
r—Hr——-O b — R
RS<+0bh a o—*\N\,—O c a O—M—O
R R j‘-'. C
r
(a) (b) (c) (d)

Potentiometer: (a) symbol; (b) and (c) rheostat connections; (d) rheostat symbol.
Boylestad # 77% 18 3.23

Rac = Rab + 0
= Rab

Circuit Theory | Lecture 2-29

Automatically Variable Resistors

W .
..-/ e Thermistor : temperature sensitive
— 4 variable resistors
l'\ T /:" - temperature coefficient :

— negative => resistance decreases

positive => resistance increases
(a) Thermistor

+ Photoconductive cell : light intensity
sensitive variable resistors

- light intensity coefficient :
negative => resistance decreases

- Sometimes the Greek letter lamda (1) is
used with photoconductive cell symbol.

(b) Photoconductive cell

Symbols for resistive devices with sensitivities
to temperature and light
Floyd ® 46% 12! 2.37

Circuit Theory | Lecture 2-30
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Circuit Current Control : Switches

Switches have two distinct states : open and closed. _

i L-'_ s
- Mechanical switches TS J|=
SPDT : Single-Pole, Double-Throw I i ,E“ Ll B
Pole: movable arm R
Throw: number of contacts .; ‘ %
are L

o @ e &
—_ C’ L= An example of an SPDT

switch controlling two lamps

| mp 2 H 49Z )2
. . Floyd ! 49% & 2.41

Circuit Theory |

Lecture 2-31

Switch Symbols

al SP51 ihy SPLY¥I ¢l DPST di PIY]

- SPST : Single-Pole, Single-Throw

- DPST : Dingle-Pole, Single-Throw
- SPDT : Single-Pole, Double-Throw

- DPDT : Dingle-Pole, Double-Throw

0
o o
! C—ii Y
Switch symbols
" : Floyd & 49% 12 2.42
~NOPB I NCPB 1) single-pole rotary
| €3 ™ 1511100

- NOPB : Normally Open Push-Button
- NCPB : Normally Closed Push-Button

Circuit Theory | Lecture 2-32

16



Typical Mechanical Switches

Toggle switch  Rocker switch Push-button switches PC board mounted push-button
switches

Rotary switches DIP switches for mounting on PC boards

Typical mechanical switches, Floyd { 49% )& 2.43

Circuit Theory | Lecture 2-33

Toggle Switch

Construction view of a typical toggle switch
Floyd 2 50% O& 2.44

Circuit Theory | Lecture 2-34
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SPST and SPDT

A transistor can be used as the equivalent of a SPST switch in
certain applications.

SPST : Single-Pole, Single-Throw

o—c>(o—o o—C>{o——o

r=0 r=0
Initially open Initially closed
{a) Initially open. (b) Initially closed.

SPDT : Single-Pole, Double-Throw

_o—oa a 2FIE20=H2 A2
¢ o—-cﬁ c O_Gi/cﬁ LHOil 01201 X1 3,
(=0~ o—0b f=0 cl—ob 3|22 SEAIZH BIal
OF= WtEH A< & StCY.
Break before make Make before break

Circuit Theory | Lecture 2-35

Protective Devices : Fuses

MR SZ0 UIXIoHA A8t BRI SEWH =0t LHE.L WetA, ZHAFZO0[ 201
- WHHE BIS0| 2REt R, NE SH JANIZEESE I AHE.
- Type F : fast-acting fuses. Type T : time-delay fuses.

-HAEY AN B AR 0IM0l EHAN FZ2 dsS MotAZB. 02 M TEIUS

AHE.

A
. + [

w

h

> J .J; P (b) Plug fuse
AT e

(c) Fuse symbol
(a) Cartridge fuses Typical fuses and symbol. Floyd i 51% & 2.45

Circuit Theory | Lecture 2-36
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Protective Devices : Circuit Breakers

- UGS PRI SEE AHJO S O12 S IR0 st X1 A S,

- MAHEO0l Jts.

- Jl2 s1E 0126l 8lz D2 2, HIO0IHE AZEH0| 8|2 Xt
320t AL H =SHOZ 2| AE TINKl XD = JHE (open) & 0 ACH

- RJ1E0 2ol S&ote 8= XHED(2l 2R, BXE0| SIZ8 MY AI~,.
JIHE2Z 2| Aol =01 0F BtCH

-
e
-

> - (e) Circuit breaker

(d) Circuit breakers symbol

Typical fuses and symbol. Floyd 2 51Z 112! 2.45

Circuit Theory | Lecture 2-37

Wires : AWG
 American Wire Gauge (AWG) :
gauge numberdt HXIH, X F2 2 A 8tHCL
EHe )= dHAEZ HOGH=0l, HHAE P = circular mil (CM) O[ Lt

1CM = 20/ 1 mil(1/1000 inch) £ Mo %A = 1 x (5 x 104) 2 in2

A=d2,A% I CM,d 2 &2 mil

Cross-sectional area. A i=1CM

Cross-sectional area of a wire. Floyd & 51% 12! 2.46

Circuit Theory | Lecture 2-38
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AWG Sizes and Resistances for Solid Round Copper

AWG# A(CM) R (Q/1000 ft @ 20°C) AWG # A (CM)
1,288.1
1,021.5

0000 221,600 0.0490
000 167,810 0.0618

00 133,080 0.0780
0 105,530 0.0983
1 83,694 0.1240
2 66,373 0.1563
3 52,634 0.1970
4 41,742 0.2485
5 33,102 0.3133
6 26,250 0.3951
7 20,816 0.4982
8 16,509 0.6282
9 13,094 0.7921

10 10,381 0.9989

11 8,234.0 1.260

12 6,529.0 1.588

13 5,178.4 2.003

14 4,106.8 2.525

15 3,256.7 3.184

16 2,582.9 4.016

17 2,048.2 5.064

18 1,624.3 6.385

Circuit Theory |

19
20
21
22
23
24

810.10
642.40
509.45
404.01
320.40
254.10
201.50
159.79
126.72
100.50
79.70
63.21
50.13
39.75
31.52
25.00
19.83
15.72
12.47
9.89

R (©/1000 ft @ 20°C)
8.051
1015  OlM 1

1280 d=5mil 0|
1614 A =25

2036 => AWG # = 36
25.67

32.37

40.81 O 2

51.47 d=20.1 mil 0|H
64.90 A =404.001
81.83 =>AWG # =24

103.2
130.1
164.1
206.9
260.9
329.0
414.8
523.1
659.6
831.8
1049.0

Floyd & 52% H 2.4

Lecture 2-39

Wire Resistance

R=pl/ A Q
GiH 1A=810.1CM0/2100ft 0 =&
(20°C)2| H&2? p=10.37 CM-Q/ft.
R=pl/ A =10.37 x100 / 810.1
=1.28 Q
GiKl 2A=810.1CM 0|1 100 ft ¢! & &
(20°c)2l H&=2?

R =12.80x 100/ 1000 = 1.28 Q

Ol Xl 3 AWG # 14 ¢ £ 1000 ft o H&2?

2,525 Q

Ol Kl 4 AWG # 22 01 £ 1000 ft 2 X&2?

16.14 Q

Circuit Theory |

AWG # A (CM)

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

1,288.1
1,021.5

810.10
642.40
509.45
404.01
320.40
254.10
201.50
159.79
126.72
100.50
79.70
63.21
50.13
39.75
31.52
25.00
19.83
15.72
12.47
9.89

R (©/1000 ft @ 20°C)

8.051
10.15
12.80
16.14
20.36
25.67
32.37
40.81
51.47
64.90
81.83

103.2
130.1
164.1
206.9
260.9
329.0
414.8
523.1
659.6
831.8
1049.0

Lecture 2-40
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Ground

» Ground : Reference point in an electric circuit.

- Earth Ground : Originated from the fact that one conductor of a
circuit was typically connected with an 8-foot long metal rod
driven into the earth itself.

- Reference Ground : Reference ground defines 0 V for the circuit.
Reference ground is called common and labeled COM or COMM
because it represents a common conductor.

When you are wiring a protoboard in the laboratory, you will
normally reserve one of the bus strip ( a long line along the
length of the board) for this common conductor.

L L

(a) An earth gr_ound or (b) A chassis ground
a reference ground

used when there is more than one

(c) An alternate reference symbol typically

common connection (such as analog and

digital ground in the same circuit).

Circuit Theory |

Lecture 2-41

Measuring Current

- Ammeter, Series

- Ideal ammeter: internal resistance = 0.
Alligator
F clips

&= __ A
(

|
E
1

1) Open the circuit either between the resistor and the pos
terminal or between the resistor and tf

Example of an ammeter connection to
measure current in a simple circuit.
Floyd # 56% 118 2.51

e current path with polarity as show

e negative lerminal o

itive

Circuit Theory |

Lecture 2-42
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Measuring Voltage

- Voltmeter, Parallel
- Ideal voltmeter: internal resistance = oo.

Example of a voltmeter connection to measure voltage in a simple circuit.
Floyd # 56% 12! 2.52

Circuit Theory | Lecture 2-43

Measuring Resistance

- The resistor must first be removed or disconnected from
the circuit.

(a) Disconnect the resistor from the by Measure the resistance
cirewit fe nd damage 1o the meter Polarity s not impaortant. )
andlor incormect measurement
Example of a using an oh ter to € resi e,
Floyd # 56% 12! 2.53
Circuit Theory | Lecture 2-44
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Digital Mutimeters (DMMs)

- DMMs provide more functions, better accuracy, greater ease of reading,
and greater reliability than do analog meters.

- Many DMMs are autoranging types in which the proper range is
automatically selected by internal circuitry.

- DMM functions

Ohms, DC voltages and current, AC voltage and current.

DMM display : LCD or LED readouts are available.

A typical battery-powered DMM with an LCD readout operatesona 9V

battery that will last from a few hundred hours to 2,000 hours and more.

The disadvantages of LCD readouts are that (a) they are difficult or
impossible to see in low-light conditions and (b) they are relatively slow
to respond to measurement changes.

- LED can be seen in the dark and respond quickly to changes in
measured values. LED displays require much more current than LCD
displays; and therefore battery life is shortened when LEDs are used in
portable equipment.
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31/2 Digits in Display of DMMs

- The resolution of a DMM is the smallest increment of a quantity that the
DMM can measure.

- The smaller the increment, the better the resolution.

- One factor that determines the resolution of a meter is the number of
digits in the display.

- Many DMMs have 3'- digits in their display.

(a) Resolution: 0.001V . (b) Resolution: 0.001V  (c) Resolution: 0.001V (d) Resolution: 0.01V

A 32-digit DMM illustrates how the resolution ct
Floyd # 58% 1) & 2.56

with the ber of digits in use.
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Resolution and Accuracy of DMMs

Resolution

1.999 V 7} Xl resolution 2 0.001 V O|C}.

2.000 VE ZAID} DX &1 2.00 VE Z AL 22 resolution 2 0.01 VDt & L.
19.99 V )} XAl resolution 2 0.01 V O|C}.

CHAl 0.01 V I} &3t H 20.0 V 2 E AT 1D resolution 2 0.1V J} =l

DMMs with displays of 47> through 82 digits are also available.

Accuracy

Accuracy is an indication, usually expressed in percentage, of the range
of error which is the difference in the measured and true or accepted
value of quantity.

For typical meters, accuracies range from 0.01 % to 0.5 %, with some
precision laboratory-grade meters going to 0.002 %.
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An Example Circuit

{! - Ideal ammeter: short
circuits.
‘ 2 volts
- Ideal voltmeter: open
circuits.

- Ideally, adding the
voltmeter and
ammeter does not
disturb the circuit.

- The reference direction
is important.

208

(a) (b)

Figure 2.7-3 (p. 39)

(a) An example circuit,

(b) plus an open circuit and a short circuit.

(c) The open circuit is replaced by a voltmeter,

and the short circuit is replaced by an ammeter.

(c)

Circuit Theory |

All resistances are in ohms.
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Transducer - Temperature Sensor
Transducer : Devices that convert physical quantities to electrical quantities.
- Analog Device Al2| AD590 2 2=E &
S| Z HROM 25 E £F56t= 2 X0ICH

« AXH= 23 20| EAISCH | i

+ : +
« 0] HIAE HES| SHAIIHE M2 v(t) AD590 v(t) i) = kT
4V 0lA 30V AHOI Ol A0 OF 8tCH.
+ Ol RN EFR=ERE 1K B
0l 1 pAS MRILS2N =L

(a) The symbol and (b) a model
i=k-T where k =1 “A_/ ‘K for the temperature sensor

- AD590 = 0I&35t0 =x9 2 2L E FFdl= 3= E £ otk
AD590, 21, Mg, ¥R (10, 12, 15, 18, 24 V)0| AIE Jts6tLH

300KOIB MR = Ot SE=I1?
OlatNOl M2 2t AXMAEC MRHE MSHAS I 0 B3I J—=I1?
Ol M3 S 0 MRS ME0HOESH=D1? O 0IR/=?
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