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acceptors, 376
adders, see full-adders; half-adders
alternating current (AC) circuits, 98
amplifier, 287, 292–294

bipolar, 397–420
linear, 155–165, 290–294
linear applications of op amps, 294, 

299, 306, 314, 316, 321, 322, 326
non-linear applications of op amps, 

331, 332, 335, 336
small signal model, 397

apparent, see under power
arithmetic, 533
arithmetic and logic unit (ALU), 611
atoms, 1, 2

battery, 5, 6, 30–33
BiCMOS, 500
binary numbers, 456, 527, 531
Biot-Savart law, 49
bipolar junction transistor (BJT), 374

biasing, 378–382
biasing PNP transistors, 396
biasing resistor divider, 387
as a circuit element, 377
common base configuration, 407
common collector configuration,  

415
common emitter configuration, 399
electronic devices, 354
emitter degeneration resistor biasing, 

391
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follower configuration, see common 
collector configuration

self-biased, 394
small signal model, 397

BJT, see bipolar junction transistor
Bode plots, 238, 241, 244, 254, 257, 275, 

278
Boolean algebra, 460
Boolean algebra postulates and 

theorems, 465

canonical forms, see standard canonical 
forms

capacitive reactance, 131–133, 152,  
153

capacitor, 111, 114, 123, 124, 126, 127, 
131–133, 136–139, 142, 152

decoupling, 42–44, 304–306, 603, 628, 
631–633

dielectric constant, 35, 36
electric component, 12
parallel-plate, 33, 35, 36, 94
power drawn by, 137, 139
pure, 131
time domain equations, 115
under sinusoidal steady-state, 114
voltage and current phasors, 134

carry look ahead, 543
central processing unit (CPU)

design, 603
instruction set, 603

characteristic tables, see flip-flops
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charge, 1–3, 5, 6
circuit, 156

analysis, 155
first order, 233, 236, 241, 246, 279
linear, see amplifiers
second order, 233, 265, 266, 275, 278, 

279
theorems, 155

clock, 550, 551, 559–567, 571–575, 584, 
587, 590, 591–593, 595–599

cpu, 603, 604, 608, 609, 614, 617, 618, 
626–628

CMOS, 443, 497, 498–500
coil, see inductor
complex number, 115–122, 126, 128, 130, 

131, 133–135
controller, 618–620
counter, program, 604, 611, 614,  

615
current

electric, 3–11
electronic, 6
source, 3, 5, 7–11

current controlled current source 
(CCCS), 145–149, 154

current controlled voltage source 
(CCVS), 145, 146, 147

D flip-flop, 568, 581
data path architecture, 615
De Morgan laws, rules and theorems, 

464
decoder, 510–515
decoupling, 628, 631
de-multiplexers, 526
dependent sources

current controlled current source 
(CCCS), 148, 149

current controlled voltage source 
(CCVS), 145–147

finding the Norton equivalent circuit, 
175

establishing mesh equations when 
there are, 196

establishing nodal equations when 
there are, 207

Norton’s theorem highlights, 211
Thevenin, 167
Thevenin theorem highlights, 211

voltage controlled current source 
(VCCS), 145, 146, 147

voltage controlled voltage source 
(VCVS), 145

depletion mode, see metal oxide 
semiconductor field effect 
transistor

dielectric constant, 35, 36
difference amplifier, see operational 

amplifiers
differentiator, see filters
digital circuits, 456
diode, 354–357, 363, 367, 369, 371, 372
direct current (DC) circuits, 5, 87
donors, 376
don’t care, 491
dot rule, 68
duality principle, 466

effective value, 99, 105, 149; see also root 
mean square (RMS)

electric charge, 1, 3, 34
electric current, 3, 6, 12, 37, 45, 53, 88, 422
electric voltage, 3, 27
electromotive force (EMF), 51, 53, 54, 59
electron, 1–3, 5, 6
electronic devices, 354
EMF, see electromotive force
encoder, 510, 517
enhancement mode, see metal oxide 

semiconductor field effect 
transistor

Euler’s form, 119–123
excitation tables, see flip-flops

Faraday’s Induction Law, see induction
fast carry generation, 543
filters

differentiator, 263, 265, 279
first order, 233, 235
high-pass (HPF), 252–265, 279, 294
integrator, 251, 252, 279
low-pass (LPF), 235, 236, 238, 240–245, 

246, 248–252, 254, 257, 260, 279, 
280, 285

second order, 266, 275
flip-flops

characteristic tables, 568–570, 576
D-type, 568, 581
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excitation tables, 576–578, 580–583, 
586, 588

JK, 565
master/slave SR, 561
timing, 572
toggle or T-type, 568

frequency domain, 111, 123, 235, 253
frequency response plots, see Bode 

plots
full adders, 533, 536
full-wave rectifier, 360

gates, 495
logic, electrical and timing 

characteristics, 495, 497
MOSFET, 424, 427, 429, 432

half-adders, 533
half-wave rectifier, 357
hysteresis, 70, 336, 338–341, 630, 631

impedance, 123, 124, 126, 127, 128, 129, 
130–136, 140, 144, 151–153

induction, 49–51, 53
electromagnetic, 53, 54, 62
Faraday law of, 53, 62, 64, 66

inductive reactance, 130, 151, 152
inductor

electric component, 12
mutual inductance, 62–70
non-linearity, 70–73
parallel, 60–62
power drawn by, 136, 139, 140
pure, 127, 128, 129, 130, 133
series, 58, 59
time domain equations, 115
under sinusoidal steady-state, 113
voltage and current phasors, 134

integrator, see filters

JK flip-flop, 565

Karnaugh maps, 473, 474, 479, 484, 487
design examples, 473, 474, 479, 484, 

487
Kirchoff’s current law (KCL), 73, 81, 173, 

199
Kirchoff’s voltage law (KVL), 73, 79,  

173

latch, 552–559
characteristic table, 558, 560

latch SR, 559
linear amplifiers, see amplifiers
linear function, 156–160
load line, 108, 109
logic gates, 495, 497, 499
logic operation, see Boolean algebra
loop, 77, 78
Lorentz law, 49
LVTTL, 499

magnetic characteristic, 71
magnetic field, 45–51, 53, 54, 58, 59–61, 

70
magnitude Bode plot, see Bode plot
master/slave, 561, 565, 568
maxterms, 472
memory, 610
mesh method, 179–181, 189, 196, 199, 

210, 212, 213, 223, 225
with dependent sources, 196

metal oxide semiconductor field effect 
transistor (MOSFET)

biasing techniques, 428
common drain or source follower, 439
common gate configuration, 437
common source configuration, 434
common source configuration with 

emitter degeneration, 436
electronic device, 354, 420
enhancement mode p- channel, and 

depletion mode n-channel and 
p-channel, 439

I-V characteristics, 424
small signal model, 427

minterms, 467
MOSFET, see metal oxide 

semiconductor field effect 
transistor

multiplexers, 519, 521
mutual inductance, see inductor

nodal method, 199–207, 210
non-linear applications, see amplifiers
Norton’s method, 172–175, 210

Ohm’s law, 25, 26, 29, 101
one’s complement, see binary numbers
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op amp, see operational amplifier
operational amplifier, 287, 288, 294, 331, 

341, 342
buffer, 309
data sheet, 344
decoupling, see capacitor
difference, 316
inverting, 294
inverting differentiator, 322
inverting integrator, 321
non-idealities, 341
non-inverting, 316
power dissipation, 344, 373, 374
selection, 341
unity gain, 309

permeability, 45, 52, 53, 71, 95
phase Bode plot, see Bode plots
phasor, 115, 123–135, 138–140, 149, 153
photodiode, 369
polar form, 117–121, 123, 129, 132, 134, 

135
power, 98

AC instantaneous, 137, 138
active, 136, 137, 140, 141, 142, 143
apparent, 136, 137, 140, 141, 142, 143, 

144, 149
average, 103, 106, 136, 137, 138, 140, 

141
decoupling, see capacitor
instantaneous, 103, 104, 112, 113, 114, 

136, 137, 138, 139, 140
reactive, 136, 137, 139, 140
triangle, 137, 140, 141, 142

primary, see transformer
program counter, 611

RC circuit, see filters, high-pass and 
low-pass

rectangular form, 115–122, 129, 130, 132, 
135

register, 547, 551, 569, 575, 605, 607
reset, 322, 457, 552, 553–555, 558, 559, 

561, 567–576, 578, 580, 581, 594, 
603–605, 628–630

asynchronous, 571,572, 582, 583, 584, 
613, 614, 621, 622

synchronous, 572–574, 613, 631
resistance, see resistor

resistor, 98, 101, 102, 103, 104, 105, 106, 
107, 111, 115, 123, 124, 126, 128, 
134, 136, 137, 144, 146, 152, 153, 
154

electric component, 12
internal, 9–11
parallel, 19
polarities, 13
powered by a DC source, 4
powered by an AC voltage,  

105
power dissipation, 18, 105, 106
series, 19, 42, 355
temperature coefficient, 14–17
tolerances, 15
under sinusoidal steady-state, 112

RLC circuit, 266, 271–275, 277, 286
root mean square (RMS), 98, 99, 101, 

103, 105, 106, 137, 138, 140, 143, 
144, 149

Schottky diode, 371, 629
secondary, see transformer
shift register, 575, 590–592
simplification, see Karnaugh maps
sinusoidal, 98, 99, 101, 102, 103, 106, 111, 

113, 114, 124, 126
current, 106, 111, 127, 131, 137, 152
excitation, 112, 113, 114, 115
steady-state, 111, 112, 113, 115, 123, 

130, 133, 134, 141
voltage, 99, 101, 103, 105, 111, 113,  

123, 126, 127, 128, 131, 151, 152, 
153

waveform, 98, 99, 101, 105, 111, 124, 
125

source
AC voltage, 108, 111
current, 3
DC voltage, 108
dependant voltage, 145, 147
dependant current, 145, 146
follower, BJT, see common collector 

configuration
follower, MOSFET, see common drain 

configuration
ideal voltage, 98, 102, 103
real voltage, 100, 109
sinusoidal voltage, 103, 111
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transformation method, 174, 175, 177, 
178, 210, 212, 213, 221, 222, 225, 
229

voltage, 3, 5, 7, 30, 73, 79, 82, 85, 88, 94, 
98, 99, 100, 101, 103, 108

source transformations, 174, 175, 177, 
178, 210, 212, 213

SR flip-flop, 561
SR latch, 559
standard canonical forms

product of sums (POS), 472
sum of products (SOP), 467

state machines, 574
subtracting, 540, 542
superposition method, 156, 169, 171, 210, 

213, 226
synchronous state machines, 592

T flip-flop, 568, 580
Thevenin method, 165, 168, 172, 210

time domain, 123, 244, 245, 257, 258
timing, 571, 595, 626
transformer, 67, 68, 70
transistor

BJT, 354, 374, 420
MOSFET, 354
small signal model, 398, 399,  

427
TTL, 497, 498, 499
two’s complement, see binary numbers

Venn diagrams, 467
voltage, 1, 3, 29

electric, 3–11
polarities, 13
source, 25, 27

voltage controlled current source 
(VCCS), 147, 148, 153

voltage controlled voltage source 
(VCVS), 145


