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Introduction

Conversions 1 meter = 100 ¢m = 3937 in., | in. = 2.54 cm,

1yd = 0914 m = 3 i, | mile = 5280 ft, °F = 9/5°C + 32,°C =
5/9CF ~ 32), K = 273.15 + °C  Seientific notation 10'% =
tera = T, 10° = giga = G, 10° = mega = M, 10° = kilo = k, 107° =
milli = m, 107 = micro = @, 1072 = nano = n, 10712 = pico = p
Powersof ten  1/10" = 1077, 17107 = 10", (10")(10"™) = 10",
10"/10’” — lon—'zn’ (lon)m . lonm

Voltage and Current

Coulomb’slaw  F = k0 0,/ k = 9 X 10° N - m%C?,

@ = coulombs (C), r = meters (m) Current [ = Q/t (amperes),
t = seconds (s), 0, = 1.6 X 107%¢ Voltage V = W/Q (volts),
W = joules (J)

Resistance

Circular wire R = pl/A (ohms), p = resistivity, | = feet,

Acw = (e, p(Cu) = 10.37 Metric units /= cm, A = cm?,
p(Cu) = 1.724 X 10™® ohm-cm Temperatare (|T;| + T\)/R; =
(T3] + TRy, Ry = Ragl1 + app(Ty — 20°C)], aqg(Cu) = 0.00393
Color code Bands 1-3: 0 = black, 1 = brown, 2 = red, 3 = orange,
4 = yellow, 5 = green, 6 = blue, 7 = violet, 8 = gray, 9 = white,
Band 3: 0.1 = gold, 0.01 == silver, Band 4: 5% = gold, 10% = silver,
20% = no band, Band 5: 1% = brown, 0.1% = red, 0.01% = orange,
0.001% = yellow Conductance G = 1/R siemens (S)

Ohm’s Law, Power, and Energy
Obm’slaw [ = E/R, E = IR, R = E/I

VI = PR = V¥R (watts), 1 hp = 746 W
Efficiency 7% = (P,/P) X 100%, 17 = 1y - M- M3+ My
Energy W= Pt, W(kWh) = [P(W) - «(h)}/1000

Power P =W/it=

Series Circuits

Rr=R; +Ry+ Ry + -+ Ry, Ryp=NR I =E/Ry, V=IR
Kirchhoff’s voltage law 2, V= 0, 2, Vijees = S Vitrops
Voltage divider rule V, = R, E/Ry

Parallel dc Circuits

Ry = U(I/Ry + Ry + 1/R3 + - - - + /Ry, Ry = R/N,

Rr = R\Ro/(Ry + Ry), I = EGy = E/Ry

Kirchhoff’s current 1aw 3 Loering = 2 Jicaving

Current divider rule [, = (Ry/R)I, (Two parallel elements):
Iy = RoI{(R| + Ry), I, = RII/(R) + Ry)

Series-Parallel Circuits

Potentiometer loading R; >>> Ry

Ammeter  Ryyn = Rydes/ g — o)
Voltmeter Ryeries = (Vinax = VvsVics
Ohmmeter R, = (E/lcg) — R, — zero-adjust/2

Methods of Analysis and Selected Topics (dc)

Source conversions E = IR,, R, = R, [ = E/R,
a b

Determinants D =| ' ~'|= arb; — axby
a, by

Bridge networks R|/R; = R,/R;  A-Y conversions R'=

RA + RB -+ Rc, R’; = RARE/R', Rz = RARc/R’, R} = RBRc/R', RY = RA/3
Y-A conversions R"= R\R; + R\R3 + RyR3, Rc = R"/R3, Rg = R"IR,,
RA = RN/RI, RA = 3RY

Network Theorems

Superposition Voltage sources (short-circuit equivalent), current
sources (open-circuit equivalent)

Thévenin’s Theorem Ry (all sources to zero), Ey,: (open-circuit
terminal voltage)

Ngaximum power transfer theorem R; = Ry, = Ry, Py =

E*r /ARy, = PyRyl4

Capacitors

Capacitance C = Q/V = eA/d = 8.85 X 10™ %¢, A/d farads (F),

C = €,C, Electric field strength € = V/d = Q/eA (volts/meter)
Transients (chargingfz) ic=(E/IRe ", 7= RC,vc= E(1 — ¢ M,
(discharge) vp = Ee™ ", ic = (E/R)e™ "€ ip i, = ClAvc/An
Series QOp= 0, = 0y = O3, /Cr= (1/C) + (UCy) + (1/C3) + -+ - +
(ICy), Cr= C,Col(Cy + C)  Parallel Qp= 0, + 0, + 0,
Cr=C,+C+C; Energy W= (L/2)CV?

Inductors

Self-inductance L = N*uA/! (henries), L = u,L,

Induced voltage ¢, = L(Ai/Ar) Transients (storage) iy =
Ll = 7", I, = EIR, v = LIR, v, = Ee™ "™ (decay), v, =

{1+ (Ry/RDIEe™, 7" = LIR| + Ry, i, = L™ ", I, = EIR,

Series Ly =L, + L, + L3+~ -+ Ly Parallel 1/Ly= (1/Ly) +
(M Ly + (VL3) + -+« 4+ (ULyy, Ly = LiLo/(Ly + L)

Energy W, = 1/2(L1%)

Magnetic Circuits

Flux density B = ®/A (webers/m”) Permeability g = p,u, (WH/A - m)
Reluctance R = l/uA (rels) Ohm’s law ® = F/R (webers)
Magnetomotive force F = NI (ampere-turns) Magnetizing
force H = F/l = Nlfl Ampere’s circuital law X% = 0

Flux S ®upering = = Preaving  Airgap H, = 796 x 10° B,

Greek Alphabet
Letter  Capital Lowercase| Letter Capital Lowercase
Alpha A « Nu N v
Beta B B Xi et ¢
Gamma r vy Omicron (0] 0
Delta A ) Pi IT T
Epsilon E € Rho p p
Zeta Z ¢ Sigma 3 o
Eta H n Tau T T
Theta 2] 0 Upsilon v v
ITota I L Phi <3 ¢
Kappa K K Chi X X
Lambda A A Psi N4 U
Mu M I Omega Q w
Prefixes
Multiplication Y | SI
Factors Prefix Symbel
1 000 000 000 000 600 000 = 10'® exa E
1 000 000 000 000 000 = 10 peta P
1 000 000 000 000 = 1012 tera T
1 600 000 000 = 10° giga G
1000 000 = 16° mega M
1000 = 103 kilo k
0.001 = 1073 milli m
0.000 001 = 10~ micro "
0.000 000 001 = 10™° nano n
0.000 000 000 001 = 10~ 12 pico p
0.000 000 000 000 001 = 10715 femto f
0.000 000 600 000 000 001 = 1018 atto a




