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Coammun Fays Uliraviolet | 5 Infraved Radio speetrum
Cancer therapy Sterilization |§ Heatng, ‘Communication, radar, radio and TV broadcasting.
é Night vision radio astronomy
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Figure 1-15: The electromagnetic spectrum.
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Frequency (Hz)

300 GHz

Microwave

1 GHz
1 MHz
1 kHz
Individual bands of ]
the radio spectrum
and their primary
applications 1 Hz -

I AIAE (111)

2

10!

it
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Band

Applicat

tremely High Frequency
(30 - 300 GHz)

Radar, advanced communication systems,
remete sensing, radio astronomy

Super High
SHEF (3-30¢

Radar, satellite communication systems, aircrafi
navigation. radio astronomy, remote sensing

Ultra High Frequ
UHF (300 MHz - 3

Hz)

TV broadeasting, radar, radio astronomy.
microwave ovens, cellular telephone

Very High Frequency
VHF (30 - 300 MHz)

TV and FM broadeasting, mobile radio
communication, air waffic control

Frequency
3 - 30 MHz)

Short wave broadeasting

Medium Frequency
MF (300 kHz - 3 MHz)

AM broadeasting

Low Frequency
LF (30 - 300 kHz)

Radio beacons, weather broadeast stations
for air navigation

Low Frequency
(3 - 30 kHz)

Navigation and position location

Low Frequency
(300 Hz - 3 kHz)

Audio signals on telephone

Super Low Frequency
SLF (30 - 300 Hz)

Tonospheric sensing, electric power
distribution, submarine communication

Extremely Low Frequency
ELF (3 - 30 Hz)

Detection of buried metal objects

f<3Hz)

Magnetotelluric sensing of the
carth’s structure
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Scientific Notation

* Scientific notation o e———
T
150,000 -> 1.5 x 10° TI-36X Solar
0.00022 -> 2.2 x 104 i¢3456 1890 99
Exponent | (1oMc

Base

=10+ 4

* Scientific notation on a calculator
EE key in calculator

e Example

Enter 23,560 in scientific notation using EE key.
solution)

[2][.][3][5][6][o][EE][4] ‘2.356054
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Engineering Notation

 Engineering notation & Teuas besmaansrs
The power-of-ten exponent must be a multiple L ot
of three. TI-36X Solar

33,000 -> 33 x 103

1234567890 99

0.045 ->45x103
 Engineering notation on a calculator
e Automatically convert any decimal number
entered into scientific notation or engineering
notation.

e Example
Enter 51,200,000 in engineering notation using
EE key
solution)

B EE W) s
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Systems of Units

« 19604 General Conference of Weights and Measures 0l A SI units & %Ll
e Sl units (Syste’me International (in French))

Table14-1S1BaseUnits

SIUNIT

QUANTITY NAME SYMBOL
Length meter m
Mass kilogram kg
Time second 5
Electric current ampere A
Thermodynamic temperature kelvin K
Amount of substance mole mol
Luminous intensity candela ed

Circuit Theory | Lecture 1-8




Derived Units in SI

« JIZ HISS SE0IYH R SIS LIEHE = JUCH

0l: C=A-s, W=J/s
Table 1.4-2 Derived Units in SI

QUANTITY UNIT NAME FORMULA SYMBOL
Acceleration—linear meter per second per second m/s”
Velocity —linear meter per second m/s
Frequency hertz 7! Hz
Force newton kg /s’ N
Pressure or stress pascal N/m® Pa
Density kilogram per cubic meter kg:’m‘
Energy or work joule N-m ]
Power watl Jis w
Electric charge coulomb A-s €
Electric potential volt WIA A
Electric resistance ohm VIA 2
Electric conductance siemens AV S
Electric capacitance farad Civ F
Magnetic flux weber Vg Wh
Inductance henry Wb/A H
Circuit Theory | Lecture 1-9

Units, SI Prefixes and Variables Notation

- MNEQOIES T U= HENZE 0L

- J|& 20| 0t&l E(period)E HX &1,
s s+82 MX =0

« HRI=FAM(EFRZ A, =Aet e
? A0l = H{MD|E EHLE
0l 200 m (o), 100 m (x), 100m (x).

. 2Oy

. HASIISYUNR 20

o QTS OIN BRI B, £RE BR
HE, QIMHES JISARIZ AL},
Oll: vy, vy, 100 V(GIIIA ViE S92,

Circuit Theory |

Table 1.4-3 51 Prefixes

MULTIPLE PREFIX SYMBOL
10" tera T
10’ giga 3
10° mega M
10° kilo k
107> centi ¢
1073 milli m
10°° micro m
107 nano n
107" pico p
T R femto f

+ 10002 2I0I5t= ks A2X
« 1/1002 20|6ts cE AEXL.
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Error, Accuracy and Precision

« Data taken in experiments are not perfect.

* Experimental error should not be thought of a mistake.

* The difference between the true or best-accepted value
of some quantity and the measured value is the error.

e Accuracy is an indication of the range of error in a
measurement.

e Precision is a measure of repeatability (or consistency)
of a measurement of some quantity.

« Itis possible to have a precise measurement in which a
series of readings are not scattered, but each
measurement is inaccurate because of an instrument
error. For example, a meter may be out of calibration and
produce inaccurate but consistent (precise) results.

 However, it is not possible to have an accurate

instrument unless it is also precise.

Circuit Theory | Lecture 1-11

Significant Digits
* The digits in a measured number that are known to be correct are called
significant digits.

5% XS ﬂﬂs+¢
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22 A8gtel IS0 ANA HEEE =01= LHOoICH
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, 20I5F0 AW A 25.55 mm = REXTAIH4H Y.

5.5L 25.62 Xl 32 RENE XA €0 Al JbXISf 2k2t9] gt

, OEXIS X2l == A0 Z2AXIS BrSE 5L
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Calculation of Measured Numbers

o
fm)

- QM gl 4 Uxdo2 £FE U2 ZE0t U= Xel =8 F2ali0
|

[&H0l QB A REX RS2 =0t SIIoHA= S X2 248 == UL

ZDOM 24 K2l = ASE AR 2= S0 LS =2 2IF 2F S0

a) 145.23 + 22.6 = 167.83 => 167.8

b) 145.23 - 22.6 = 122.63 => 122.6

€) 3.421x 102 + 4.2 x 102 = 7.621 x 102=> 7.62 X 102

d) 3.421 x 103 + 4.2 x 102 = (3.421 + 0.42) x 103=> 3.84 x 103

- od E= L4
20N SEXAS = HA RENE JHILD Y= =010
a) 3.27 x1.2=3.924 => 3.9 b) 4764/3.82 = 121.623 => 122

Bies SEXTXL PEE = = PEE FUEE O Y= A2= UR0{0F 80
a)24AD=2x3.33=06.66 b) 1/2 (12.8) = 6.4
Circuit Theory | Lecture 1-13

Electrical Shock
e Current through your body, not the voltage, is the cause of electrical shock.
¢ Resistance of the human body is typically between 10 kQ and 50 kQ and
depends on the two points between which is measured.
 For example, if you have a resistance of 10 kQ between two given points on
your body, 90 V across those two points will produce enough current (9 mA)
to cause painful shock.

. * Physical effects of electrical current.
/ \ .' * Values vary depending on body mass.
f i LA R (mA) S SE
3 A A PR+ TR |
1.1 XIS Xl

1 I 18 OHEES LN ¥ 43 2] ZH0I Y0l 818
S L 9 USAHZ 43, 28 ZHO S0l 1S
B Touch/step —=Aayo o=
Y potential 16 NEAYS AT, 912 H0E
JrE 23 48t 0S9 43, 28 =%, 5& 2@
LY X 75 SEWIES{GEE RN
i 235 5X 0la Set XFHL AM HSoH SES S
- 4,000 S Z 0l (A HS0l BE)
Touch or step pofential 5,000 dHUEE ot
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Safety Precautions (1)

1. MM FES ME .32 HYS 6| &0l S S XHHE A
2. EX #Yotx & A
3. M2 MU ES0| 2LE 242 588 & ZYUSHX 2 A
4. N, 2% BN, 245 20 S2 &86HA 2 A
501719 Y &ML IE-S XI5 E0ll= ZAGHK & A
6. & MHALS AIEE A.(F, XN H2 AIZ2E R)
7. S8 H0| S8 AEHQIX EQlot D X ES H M StHLE 00X & A,
8. i85l &7 BHg &olg A,
9. &7 MZAG| AH2otD A2 WROI & A.
10. HHS GIAHLL 2A0I0E HHE [ ES oHES HBE A
11. 3|20 Y= £35S 22 M, BIEAl M3AS XE6tD HMAIEHSE LEAIZ A
12. Hlat A HI AR |AXS MHE 2.
13. 2 B2 AR 22 A AKE RAIGHHLE 22 DXIX & A,
14. &t 02 Al S &0 /10, SH0ILL H2 HHE 20l MM =GR 2 A,
15. RS2 &2 HJIE SHAIIN Z A
Circuit Theory | Lecture 1-15

Safety Precautions (I1)

iy

16. 3|2t HAACED DX & 24, FHAS5HI| Mol M 2d A= HIIZ CHAl
& A

17. 312 A8 S0l 28 dRE0O B2 AFRI SSH=E AE AT /ASHH &IIEXL
TR0 MFHBII(HE EH, fuse S)E ASE A

18. WM AIEIt 22 &K= MBS XHEHE = 20 AI2E0 XIS 2Tl
& 4= UCH =S| Hofl BHEA AR A

19.3|ZE FHE M MU0l =00 2L ==

20. ¥ SXi2 §ESIK =S E AL

21. B2HE MMS A0t EH IOt Y= HLEILL SEE AIE

22. 8E0IL SN E JtsEet B & A 234 LA TGHIHAIENE

23. 2= SOt dES BOE A

24, HAFOILt AEAO BMSHAS Kot ME A J1J 22X SEL SAEF
X2 A

25. ANE NEHE THZFH S0 4~ g0, MRAS FAI M A Y MR
S XEE 4= gloM, EHAE 0|00 O AIEE EXMZRE E0E

o

HEA

rol

FOILXIE X &

o

ot

0o

LSOl A28 A,

r
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&

—

Ol

F

Hote =2 =4
(1) positive, negative =g 2t1 U},
(2) &X+ Hotel H4=tli(-1.6x101°C)
(3) HIIX s UMAIRIC
- o 2elEH M0 S, Mo SEH AT YA,
- HolYR2 EX Mot FL&HR SHSoHKD AL B2 ¢
(-1.6x101°C) 0| H&3| H222(0l: 20 °C F2|9 AL
T LE 102IH/cm?3) ROt 20
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[
[l

dF
o o NZE Hot2 2| S
&2 : C/s = A (amperes)
. dq
| =—  1AE1X0il1coulombe &3}t EECH= 2l0|.

dt

Basic electric circuit
Boylestad 2 34% & 2.7

Chemical

setivity Imaginary plane
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TRe

et
F9 : HolE 2B2lAII= Ol E= =9 Hdt E WU XL
&9 : J/IC =V (volts)

dw 1VE 1Jouleg HILUXIZ 1 coulomb2 &5tE
V=d— ZelAIz = 90l.

W=1]
1

Defining the unit of measurement for voltage
Boylestad # 37% 18 2.10
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Ol X2+ Power

_dw _dw dg_
dt dg dt

p(t)

Power : positive

. . AT otel 320
O—>10 O—<10! IEpIESI=E=

— O—1—0? — O———at—0 2

Power : negative

X e 322 RH
OllLA XIDF LS.

p=vi p=v(-i)=-vi

Passive reference configuration
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Ideal Voltage Source

Ideally, a voltage source can provide a v
constant voltage for any current
required by a circuit.

The /Vcurve for an ideal voltage source

Voltage is constant for
has a constant voltage for all current. 1

all currents.

In practice, ideal sources do not exist,
but they can be closely approximated by L
actual sources. F

< Dc voltage sources
(1) Batteries (chemical action) F
(2) Solar cells (photovoltaic effect)

(3) Generators (electromechanical) Vv

(4) Power supplies (rectification) . ]
IV characteristics of an ideal

(5) Thermocouples (Seebeck effect) voltage source
(6) Piezoelectric sensors (piezoelectric effect) Floyd 2 31% 118 2.9
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Batteries

Four basic components
- positive electrode: a deficiency of electrons due to chemical reaction
- negative electrode: a surplus of electron due to chemical reaction

- electrolyte: the electrolyte provides a mechanism for charge flow between
positive and negative electrodes

- separator: the separator electrically isolates the positive and negative

electrodes.
The materials used in a battery cell
determine the voltage it produces.
Lead-acid cell (2.05 V): a potential Zin
of -1.685 V at the positive electrode, | jze. oo
a potential of +0.365 V at the
negative electrode.
A commercial lead-acid cell: 2.15 V oo
(acid concentration)

Nickel-cadmium cells: 1.2 V.

Copper
(cathode)
% 26— Cu

Porou:

Cuso,
barrier

solution

Lithium cells: 4 V. Diagram of a battery cell. Floyd 24 31% & 2.10

Circuit Theory | Lecture 1-23

Types of Batteries

Alkaline-MnO,
Primary battery, palm-type computers, photographic equipment, toys,
radios and recorders.
Lithium-MnO,
Primary battery, photographic and electronic equipment, smoke alarms,
personal organizers, memory backup and communication equipment.
Zinc air
Primary battery, hearing aids, medical monitoring instruments, pagers
and other frequency-use applications.
Silver oxide
Primary battery, watches, photographic equipment, hearing aids, and
electronics requiring high-capacity batteries.
Nickel-metal hydride

Secondary battery, portable computers, cell phones, camcorders, and
other portable consumer electronics.

Lead-acid
Secondary battery, automotive, marine, and other similar applications.

Circuit Theory | Lecture 1-24
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Alkaline Primary Cells

Positive ——

cover

plated steel

Electrolyte -
potassium
hydroxide

carbon

Separator —
non-woven = |

fabric

Metal
washer

Metal spur —\‘

(a)

\ Can — steel
Metallized
+— plastic film
label

Anode —
—F powdered
zing

Current
collector
brass

Inner cell
cover —
steel

Seal — nylon

Negative
cover —
plated steel
River — brass

[7.2Ah]  [160AK]  Capacity

-14)  {0-1A) Continuous

| | Current

15V
AAAT

15V 1.5V 15V
"C" cell “D” cell “AAT
ce

[1.1 Ah] [2.5Ah]

(0-300 mA) (0-300 mA) (0-250 mA) (0-1.5A) Continuous

ENERGIZER
gy £ : -
transistor

W | 6V
A || lamtern

[520 mAh]  [22.0 Ah] Capacity

Current
(b}

(a) Cutaway of cylindrical Energizer® alkaline cell; (b) Eveready ® Energizer primary cells.
Boylestad & 40% 18 2.12

Circuit Theory | Lecture 1-25

Lithium-lodine Primary Cells

(a) Lithiode™ lithium-iodine cell

(b) Lithium-iodine pacemaker cell
2.8 V, 870 mAh 28V, 2.0 Ah

Long-life power sources with printed circuit

board mounting capability

Lithium-lodine primary cells,
Boylestad # 40% 18 2.13
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Lead-Acid Secondary Cell

Extrusion-fusion Heat-sealed covers

intercell connection

- electrolyte : sulfuric acid

- electrodes : spongy lead and lead peroxide.
- electrons: spongy lead -> lead peroxide
during discharge.

Flame-arrestor
vent

Ligquid/gas
separator

Electrolyte
reservoir

Centered

plate sirap
Wrought
lead-calcium —
zrid

Encapsulated
plate I~
Separator envelope

Maintenance-free 12-V (actually 12.6-V) lead-acid battery
Boylestad # 41% & 2.14
- HHESE specific gravityE SEGIH & 4 UCH 1.28 ~1.30 0| HA0|1D, 1.1
HEO0|8 SHHOF StCt.
e SH5I| fIdi M= dc current source Jt 2 R3ICE.

Circuit Theory | Lecture 1-27

ALY

Nickel-Cadmium Secondary Cell

LN
2g Ef j'; LN ﬁ :Jn Rechargeable nickel-cadmium batteries.
gﬁaﬂ‘ ;i SERES == a ] Boylestad & 42% & 2.15
g égp fFigegs igs g g u
i R EE 555—5 g“i
E | mi H g
Mg | £ {f ét | E
' [ ? ; E E 1000 charge/discharge cycles.
) e B -« Ni-Cad battery= AF2H OF 5H J1701 LX
L2V 1.2V 72V 12V 1.2 v HEXIE Ar2otd etach.
4 Ah 12 100 mAh 500 mAh 180 mAh | OIXH ®X= 1.2V OILl, Y& MX= 1.5V 0]
@) O, OIX XIS AL8GHE Jl7E W0l BF
ol= 328 20 AJIE ot R0ICH
\’ @ - Ni-Cad battery = S¥& O Ao &t ¥
=2 " W, Ol H5HX HOBIH B WRAOE BT
g 3 « 2Lk, lead-acid battery £ battery2| AEl
Eveready® BH 500 cell Ol et F0| Bok=s IHAAU oM B
1.2V, 5‘1'!{9 mAh M=)
App: Where vertical height is severe
limitation
(b)
Circuit Theory | Lecture 1-28
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Ampere-Hour Rating

e BatteryQ & A2 Ah £= mAhE EAl.
' - HNREO0I YOIXIYH 210, 420 EHU X8 =L

1OV - EX Y2 LAAIZ0 20X EHELC
L1V

(]

ampere—hour rating(Ah)

0} 200 400 r\I-IEP = ;\'-[.H] 10000 1200 Life(hours)_
Discharge current (mA) amperes drawn(A)
{a)
600 —— =
- ‘ 1.5 T
= 300
Z 400f Discharge current = 50 mA 4 [ ‘
z 300 —
g 2w —~] . o _—
S 1060 ¢ t."\(\?\ 100 mA \[lm.-\
o*C .
5 0 mA \ N
10 0 10 20 30 40 50 6D '.'uTn QO 100110120130 ‘F 10— \ - e i
09 - 1
(b e g 1 2 3 {5 6 7T 8 9 1011 12 14
Eveready ® BH 500 cell characteristics: Discharge time (h)
@ t(;apacny_versus discharge current; Eveready ® BH 500 cell discharge curves.
(b) capacity viersus temperature. Boylestad # 44% & 2.19
Boylestad # 44% & 2.18
Circuit Theory | Lecture 1-29
Solar Cells
Photovoltaic effect
A basic solar cell consists of two layers of different types of
semiconductive materials joined together to form a junction
When one layer is exposed to light, many electron acquire enough energy
to break away from their parent atoms and cross the junction.
This process forms negative ions on one side of the junction and positive
ions on the other and thus a potential difference (voltage ) is developed.
Light [ y
Transparent . — Top
antireflective coating b F_ contact
s ¥ | I— A e _E:
Semiconductor laver |
|
Junction »l SEmeT 2
e s s e o | s S .
Semiconductor layer - | Construgtlon
e g | of a basic solar
7 cell
Bottom contact - Floyd # 33%
. S+ O®213
Circuit Theory | Lecture 1-30
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Dc Voltage Generators

Applied e Dc generators :
torque 120V or 240V
? Cutaway view of a dc
voltage generator
o n | s Floyd & 33%
Input S o i R
“Output” (]

120V voltage

dc generator
Boylestad 2 45% 18 2.20

.

i JJ
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Electronic Power Supplies

« Power Supplies : Rectification and +el0V +@(+ 10V)
filtering +e
L TE) s — i 10V
“"-\ =
:|--7 Gnd(0V) - Jumper
-9 . o=
a) available . (b) )
'Ee?minaIS' (b) positive voltage with
’ respect to (w.r.t) ground;
+ Jumper -9 (-15V)
4-/
ISV c) negative voltage
15V = § w.r.t. ground;
-® + =
+

] +

(d) floating supply {
o, =" 3V
L ]

5V
Boylestad & 46%
gl 2.22 (“Floating™)
B . . Bl
dc laboratory supply. Boylestad # 45% & 2.21 -
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Thermocouples and Piezoelectric Sensors

Thermocouples
- Thermoelectric type of voltage source that is commonly used to sense
temperature.
- A thermocouple is formed by the junction of two dissimilar metals.
- Seebeck effect : the voltage generated at the junction of the metals
as a function of temperature.
- K type : chromel and alumel
-E,J,N,B,RandS.
- Wire and probe form.

Piezoelectric Sensors
- Piezoelectric effect: A voltage is generated when a piezoelectric
material is mechanically deformed by an external force.
- Quartz and ceramic
- Pressure sensors, force sensors, accelerometers, microphones,
ultrasonic devices.

Circuit Theory | Lecture 1-33

Ideal Current Source

Ideally, a current source can provide a
constant voltage in any load.

The 7V curve for an ideal current source I Current is constant for
has a constant current for all voltage. all voltages.

In practice, ideal current sources do not
exist, but they can be closely
approximated by actual sources. L

\Y

IV characteristics of an ideal
current source
Floyd 2 36% 0% 2.19
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Current Sources: Transistors Circuits

In most transistor circuits, the transistor acts as a current source.
The flat part of graph indicates where the transistor current is constant
over a range of voltages.

The constant-current region is used to form a constant-current source.

I (current through
the transistor)

¥ . V/(voltage across
the transistor)

Characteristic curve of a transistor showing the constant-current region
Floyd & 37% 10& 2.21
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Constant-Current Battery Chargers

The rectifier is a circuit that acts as a dc voltage source by converting the ac
voltage from a standard wall outlet to a dc voltage.

This voltage is effectively applied in parallel with a battery and in series with a
constant-current source.

The battery voltage is initially low but increases over time due to the constant
charging current.
Vconstant current source ~ " constant dc voltage source ~ Vbattery

Constant current
source

@

+ +
Voltage Constant dc — .
o —_ Battery voltage increases
rectifier voltage T

- - as it charges.

AC voltage

Battery charger as an example of a current source application
Floyd 3 37% 0g& 2.22
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Bulb

(a) Eveready® D cell flashlight;
(b) electrical schematic of flashlight of part (a);
(c) Duracell® Powercheck™ D cell battery
Boylestad ® 51% & 2.29

('mu.n.‘l/ Metal
Support ~ +
15V D j
g battery Sahd
Sliding - 3V
switeh ) Switch A +
15D 1Y
battery —

== Spring =

(b)

Battery : 16 Ah
Bulb : 2.5V, 300 mA, 30 hours.
Bulb 2T battery € X+ W X5t 0l®
(1) leakage current
(2) 9XAE0] ot

- bulb: cool down &1t

- battery: initial surge current
Battery = CiJH 1.2 ~ 1.3V OIA SZ.
0.9V OIGH0IA = wXIoHOF &.
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Applications — 12 V Car Battery Charger

Battery charger:
(a) external appearance
Boylestad & 53% & 2.30(a)

Cirenit
tesiker
i

Girolndedd
to chssis

(-1}
Battery charger:

(b) internal construction
Boylestad # 53% 18 2.30(b)
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Applications — 12 V Car Battery Charger Circuit

«12V 0N M BN,
*12 V 0|50l A = diode M 20 L& 0| o+,

Peak =18V
/

\,ﬁ/l

120V ac

<t

I
= : Dicdes Positive clamp
1 (rectifiers) of charger
I /
l‘_ _‘l
6 ASHE 25 ALZAl, ME0=7~8 A Jt  Transformer
B2 SH0| IYBO B2 2~3AZ " Cepdonw
Ol &ICH CT-IJ‘ Curn '
- Z25 50| 9B S™S FXAHOF B brester gt e
- E8 battery 80| XS I B2 A e P

FE XCAIHOF 8L
Electrical schematic for the battery charger of Fig.2. 30
Boylestad # 54% 18 2.31
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App. — Answer Machines/Phones dc Supply

Capacitor

Diodes (2)

Answering machine/phone 9-V dc supply
Boylestad # 55% & 2.32

« 9V, 200 mA.
+ Regulator chip £ &4 H0 €X).

- o= 120-V ac plug
R ity
-YSu SS =0171 |dH 2ot 20l &I 9-V dc output
Internal construction of the 9-V dc supply of Fig. 2.32
Boylestad 3 55% g 2.33
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Jet Valve Controller

&2 AEE 2F 2AUA DI 201 F IS 32 AXZ SZE FHOI0 122
jet valve HIOIJ10l OILIXIE HESICH 122 40 mJ2 dLote HEH2I(BIZ2AX 1)E

Z2ctOF BtCt.

* i(f) = De O mA fort>=0 0|12, 2X 2 0l Z2l= BL2 v()=Be "0V fort>=0 0|

.

MR IV DI AU ImAZ NIEE O JACHEH, B = S 0L0I 01 OF GHLI?

2= 2= 0 A2

Wire
- Jet valve
+ t +
controller
.. | Element Element | |,
1 2
Wire
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