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dc

Introduction Capacitors

Conversions 1 meter = 100 cm = 39.37 in,, 1 in. = 2.54 cm, Capacitance C = Q/V = eAld = 8.85 X 10™ "%e, A/d farads (F),

1yd = 0914 m = 3 ft, | mile = 5280 ft, °F = 9/5°C + 32,°C = C =¢,C, Electric field strength 6 = Vid = QleA (volts/meter)
5/9(°F — 32), K = 273.15+ °C  Scientific notation 10" = Transients (thdryn}) ic =(ERe ™™, r=RC,vc=E1—-e"™,
tera = T, 10° = giga = G, 10° = mega = M, 10°* = kilo =k, 10 * = (discharge) ve = Ee ", i = (EIR)e wRC ic g, = ClAvclAf)
milli = m, 107® = micro = g, 107 = nano = n, 1072 = pico = p Series Qr=0Q,= 0, = Q., 1Cy = (1ICy) + (/Cy) + (1C) + - +
Powers of ten  1/10" = 10", /10" = 10", (10")(10™) = 10""", (L/Cy), Cr = C,CI(C, + Cy) Parallel Q;=Q, + Q; + Qs
10°710™ = 10", (10M™ = 10™ Cr=C+G+G Energy W= (1/2)CV?

Current and Voltage Magnetic Circuits

Coulomb’s law  F = kQ,0./F°, k = 9 x 10° N-m%/C?, Flux density B = ®/A (webers/m”)  Permeability = pu,

@ = coulombs (C), r = meters (m) Current [ = Q/r (amperes), (Wb/A-m) Reluctance 9t = [/pA (rels) Ohm’s law & = F/9t
= seconds (s), 0, = 1.6 X 107" C Voltage V = W/Q (volts), (webers)

W = joules () Magnetomotive force F = NI (ampere-turns) Magnetizing

force H = F/l = Nill Ampére’s circuital law

5.F=0

Resistance Flux X @ring = 2 Breaing  Airgap H, =796 X 10° B,
Circular wnre R = pl/A (ohms), p = resistivity, [ = feet,

Acnt = (deiss)’s p(Cu) = 10.37 Metric unltsy I=cm, A=cm’, Inductors

p(Cu) = 1.724 x 107° ohm-cm Temperature (|T| + TR, = Self-inductance L = N’pA/l (henries), L = p, L,

(|T| + T2)Ry, Ry = Raygll + azp(T; — 20°C)], arp(Cu) = 0.00393 Induced voltage ¢, = L(Ai/Ar) Transients (storage) i, =
Color code Bands 1-3: 0 = black, 1 = brown, 2 = red, 3 = orange, Lil—e ™ ,m= EIR 7=LIR, v = Ee™" (decay), v, =

4 = yellow, 5 = green, 6 = blue, 7 = violet, 8 = gray, 9 = white, [L+ (Rg!R NEe ™, 7 = LR, + Ry), iy, = I,e ", I, = EIR,

Band 3: 0.1 = gold, 0.01 = silver, Band 4: 5% = gold, 10% = silver, Series Ly=1L, + bz + L+ + Ly l"aralll:l Ly = (/L) +
20% = no band, Band 5: 1% = brown, 0.1% = red, 0.01% = orange, (ML) + (ML) + =+ + (ULy), Ly = LiL KL, + Ly)

0.001% = yellow  Conductance G = I/R sicmens (S) Energy W, = 1/2(L1%)

Ohm’s Law, Power, and Energy

Ohm’slaw [=E/R E=IR,R=FEI Power P = Wi =
VI = 1R = VYR (waus), | hp = 746 W

Efficiency 5% = (P,/P) X 100%, 7 = 0y * 02 * ma ==+,
Energy W= Pr, W(kWh) = [P(W) - r(h}]flOOCl Greek Alphabet
Series Circuits
Letter  Capital Lowercase | Letter Capital Lowercase
Rr=R +Ry+R3y+ -+ Ry Rr=NR,I=ERyV=IR
Kirchhoff’s voltage law  X.V =0, 2. Voo = 2o Viops Alpha 7y i Nu N 5
Voltage divider rule V, = R E/R, Beta B 8 Xi = £
Parallel Circuits Gamma r ¥ Omicron 0 0
Ry = UCUR, + URy + Ry + - + 1Ry} Ry = RN, ECIE;‘ ‘é 8 :;‘h E w
Ry = R\Ro/(R) + Ry), I = EGy = E/Ry et £ e 2 2
Kirchhoff’s current law 3 Liering = = Leaving Zeta Z 'y Sigma = a
Current divider rule I, = (R;/R,)I, (Two parallel elements): Eta H l Tau T T
I = Rl(R, + Ro), 1 = RUIR, + Ry) Theta o ] Upsilon T v
" . Tota 1 L Phi L g &
Methods of Analysis and Selected Topics (dc) Kappa K . Chi X X
Source conversions E = IR, R, = R, I = E/R, Lambda A A\ Psi ¥ ¥
Determinants D = |“! b'\ = abs — ash, i M & Omega 0 -
a by
Bridge networks R,/R; = R)/R, A-Y conversions R’ =
Ry + Rg+ Re, Ry = RyRglR', Ry = RyR-IR', Ry = RgRcIR', Ry = Ry/3
Y-A conversions R” = R\R; + R\Ry + RsRs, Re = R"IRy, Ry = R"IR;,
R, = RIR,, Ry = 3Ry
Network Theorems Prefixes
Superposition  Voltage sources (short-circuit equivalent), current . . . .
sources (open-circuit equivalent) Multiplication Factors SI Prefix SI Symbol
A in' - o 1 . -1 1 i
The\lferun s Theorem Ry (all sources to zero), Eq,: (open-circuit 1 000 000 000 000 = 10™ o T
terminal voltage) 5 :
Maximum power transfer theorem R, = Ry, = Ry, Py = 1 000 000 000 = ]06 giga G
E%/4Rp, = TLRyl4 1 000000 = 10 mega M
1000 = 10 kilo k
0.001 = 107" milli m
0.000001 = 107 micro w
0.000 000 001 = 1077 nano n
0.000 000 000001 = 107" pico p

-10-
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acC

Sinusoidal Alternating Waveforms

Sine wave v =V, sina, a = wr = 2xft, f= UT, | radian = 57.3°,
radians = (x/180°) X (degrees), degrees = (180°/x) X (radians)
Identities sin(wr + 90°) = cos wt, sin wt = cos[wr — (x/2)],
sin(—a) = —sin a, cos(—a) = cos a Average value G =
algebraic sum of areas/length of curve

Effective (rms) value /., = 0707, I,, = V21,

Ims = Varea [i(0)YT

The Basic Elements and Phasors

R: I, =V,/R,in phase L: X, = wL, v, leads i; by 90°
C: Xc = 1/wC, icleads v by 90° Power P = (V,1,/2)cosf =

Vinsdms €058 R: P =V I =1L R=VL/R  Power
factor F,=cos@ =PIV, [ .. Rectangular form C=A * ;B
Polarform C=C.8 Conversions C= VA2 + B2 0 =

tan~ '(S.I’AJ,A =Ccosf,B=Csinf Operations j= V-1,
F=-L1=—j,C £ C,=(2A, * A) + j(+B, = By,
Ci G =G, L0, + 0, CICy = (CYCo) 28, — 8,

Series and Parallel ac Circuits

Elements R20° X, £290°, X,/ —90°

Series Z;=Z,+Zy+Zy+ - +Zy 1, = E/Zy, F, = RiZ;
Voltage divider rule V, = Z E/Z; Parallel Y, =Y, +Y, +
Yot o+ Yy Zr = Z, 202, + Z,). GLO°, Byl —90°,

B £90°, F, = cos 0; = GlY, Current divider rule 1, =
L2y + 7). 1, = ZNE + 7y I:univglent circuits R, =
R, XJHX5 + R, X, = ROX,J(X2 + RY, R, = (R? + X2IR,,

X, =(R} + X})IX,

Series-Parallel ac Networks:

Employ block impedances and obtain general solution for reduced
network. Then substitute numerical values. General approach similar
to that for de networks,

Methods of Analysis and Selected Topics (ac)
Source conversions E = 1Z,Z,=Z,1=FE/Z,
networks Z,/Z, = L./Z, A-Y, Y-A conversions
coverage, replacing R by Z.

Bridge
See dc

Network Theorems
Review dc content above.

Thévenin’s theorem (dependent sources) E. =Ep.Zp =E,N,.,

Zy, = EJI,  Norton’s theorem (dependent sources) I,, = I,
Ly=E, 1 Zy=FEJl, Maximum power transfer theorem
2y =2y, 0, = —ﬂ”,,. Prax = ETy/4Ry,

Power (ac)

R: P=VI=V,L/2=FR=VYR  Apparentpower §= VI,
P=Scosd, F,=cost = PIS Reactive power Q= Vising
LiQy=VI=IX, = VIX,, C: Oc = VI = I'X¢ = VYX,,
Sr=VPi+ Q} F, = PiiS;

Resonance

Series X, = Xc.f, = V2xVLO0). Z;, = R, 0, = X /R, Q, = X,JR =
(UR\VLIC, V, = Q.E, Vi, = Q.E, Pypr = (112)P o fi =
(12m)[—R2L + (1I2)V(RILY + 4ILC). > (use ~RI2L), BW = f, — f, =
Ri2xL =f/Q,  Parallel X, =Xc X, = (R +X})X,,

£, = RTNVLOWVT = (RICIL), 2, = RJIR, R, = (R} + X{)R,

0, = (RIR)X, . BW=f, ~ , = £,J0, Q=10 7y, =R Q°R,
Xp, =X, X, = Xe. f, = UQ2aVLO)L 0, = Q. 1, = I = QI

BW =110, = R/2xL

Transformers
Mutual inductance M = kW LL, Iron-core E, = 444fN D,
E, = 444fN,b,,, E,/E, = N,iN, @ = NN, I,/I, = NJN,.

Z,= ::“7,,.1;,,

= E. [, P, = P,(ideal)
Air-core 7, = Z,+ |

wMYNZ, + 7))

-11-

Polyphase Systems

Y-Ysystem Iy, =1, = Iy, Vo = Eo B, = V3V,  Y-Asystem
Vo=Epl.=V3l, A-Asystem V,=E, =E,I, =\3l,
A-Y system E; = \/EV,,. ly=1,E =E, Power P; =3P,
Or = 304, Sy = 354 = V3EL,, F, = Py/S;

dB, Filters, and Bode Plots

Logarithms N = b, x = log, N, log.x = 2.3 log 4 x, log,gab =
log oa + log,eb, log palb = logpa — loggb, logp a" = nlog,ea,

dB = 10log,o Po/P,, dB, = 20log,, VoIV, R-C filters  (high-pass)
Jo = W2aRC), VIV, = RIVR? + X2 Ztan” (X /R)

(low-pass) f. = 1/(2xRC), VIV, = Xc IR + X2 £ —tan "®¥c
Octave 2:1, 6 dB/octave Decade 10:1, 20 dB/decade

Pulse Waveforms and the R-C Response

% tilt = [(V; — Vo)/V] X 100% with V = (V, + V4)/2
Pulse repetition frequency (prf) = 1/T

Duty cycle = (1,/T) X 100%

Viw = (duty cycle)(peak value) + (1 — duty cycle) x (Vi)
R-C circuits  ve = V; + (V, — V))(1 — ¢ "RC)
Compensated attenuator R,C, = R,C,

Nonsinusoidal Circuits

Fourier series f(a) = Ay + A, sin wr + A, sin 2wt + -+ +

A, sin nwt + By cos wr + B, cos 2wt + +++ + B, cos nwt

Even function f(«) = f(~ea), no B, terms Odd function f(a) =
—[(—a), no A, terms, no odd harmonics if (1) = fI(T/2) + 1], no even
harmonics if f(r) = —f[(T/2) + 1]

Effective (rms) value V., =

VVE+ (VI + o + Vo + V2 + - ¢ V2R

my

Power P = Voly + Vilicos @ + - + V, I cosb, = ;R = V., IR

Standard Resistor Values

Ohms Kilohms Megohms
() (k1) (MQ)
0.10 1.0 10 100 1000 10 100 1.0 10.0
0.11 1.1 11 110 1100 11 110 1.1 11.0
0.12 1.2 12 120 1200 12 120 1.2 12.0
0.13 1.3 13 130 1300 13 130 1.3 13.0
0.15 1.5 15 150 1500 15 150 1.5 15.0
0.16 1.6 16 160 1600 16 160 1.6 16.0
0.18 1.8 18 180 1800 18 180 1.8 18.0
0.20 2.0 20 200 2000 20 200 2.0 20,0
0.22 2.2 22 220 2200 22 220 | 22 220
0.24 24 24 240 2400 24 240 24
027 27 27 270 2700 27 270 | 27
0.30 3.0 30 300 3000 30 300 3.0
0.33 33 033 330 3300 | 33 330 | 33
0.36 3.6 36 360 3600 36 360 3.6
039 39 39 390 3900 | 39 390 | 39
043 4.3 43 430 4300 43 430 43
0.47 4.7 47 470 4700 | 47 470 | 4.7
0.51 5.1 51 510 5100 51 510 5.1
056 5.6 56 560 5600 | 56 560 5.6
0.62 6.2 62 620 6200 62 620 6.2
0.68 6.8 68 680 6800 68 680 6.8
0.75 7.5 75 750 7500 75 750 75
082 8.2 82 820 8200 82 820 8.2
0.91 9.1 91 910 9100 91 910 9.1




