ECEN 2632 Final Handout

Power & the Passive Sign Convention [PSC]

- Power into a device [or absorbed by the device]:  p;;, =i
[using the passive sign convention]

2  J v -
_ _ s @ W
Powerto aresistor: pPp =V1=1R=—

' Power out of a device [or delivered by the device]: Pout = Vi

[not using the passive sign convention]

+ -
Kirchhoff’s Laws
KVL: algebraic sum of voltages around a loop equ dw ° sum of all voltage drops around a loop
equals zero. P=_r
KCL: algebraic sum of currents at a node equals zero; or sum of all currents leaving a node equals
Zero.
Series & Parallel Combinations
Voltage sources: in series: add the voltage waveforms Resistance in Parallel
s k
in parallel: the voltages must be the same 1 Z LU SR S
Req o Rl Rl R2 Rk
. i=1
Current sources: in parallel: add the current waveforms
in series: the currents must be the same
- - k
ADD gesistances in SERIES Req = Z Ri=Ry+Ry+ -+ Ry Two resistors in parallel:
i=1
— R1R2
. Gog= » Gy =Gy +Gy+ -+ Gy eq -
ADD conductances in PARALLEL. ™~ &' 7 ™ R, +R,
k
dw . dq
TABLE 1.3 Standardized Prefixes to Signify v = d_; 1= d_
t
Powers of 10 q
Prefix Symbol Power s
E Noninverting Positive power supply
atlo i [1] I inPUt —1o+ Ideal Op Amps
5 Output
femto i 0" Inverting —e— V- <y, < Vvt
pico b R gL Negative power supply
) i —o0
nano n 0 vt D n
micro m 10" —1e+ v, = Uy
milli m 10~} —lo—
centi C 107 v Voltage Divider
deci d ! -
deka da 10 o= iR = ( Ry )v RiZ LR
hecto h IF ! YU\R +RY O "
kil k 10° iR ( Ry ) o g
o . Vp = IRy = Vs
R, +R " :
mega M e ! ? @ . ®
giga G 10’
T 102 j ( Rz )i
tera - iy = s ‘
HYH R1+R2 Iy R, i R, \
Coppioht © 2011 Parson Edecetion, . ublubing 30 Pronkce Hes Current Divider . Ry x
f2 (R1 + R2> s -
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MORE USEFUL FACTS
Method of Node Voltages: Method of Mesh Currents:

1) ID nodes & select a reference node 1) ID meshes

2) define node voltages 2) define mesh currents

3) write the VS equations*, using a supernodeto  3) write the CS equations*, using a supermesh

handle a floating voltage source to handle a shared current source

4) write the KCL equations* 4) write the KVL equations*

5) solve the equations in steps 3) & 4) 5) solve the equations in steps 3) & 4)

*To handle a dependent source, write the *To handle a dependent source, write the
controlling signal in terms of the node voltages. controlling signal in terms of the mesh currents.
Thevenin equivalent: Vg in series with Ry V1 = Vo is the open circuit voltage.
Norton equivalent: I in parallel with Ry Iy = I is the short circuit current.
Equivalence relations:  Rpy=Ry & V= RruIn Ry =Ry is the equivalent resistance.

Source transformation:  replace a Thevenin equivalent with a Norton equivalent, or vice-versa

Maximum Power Transfer:

A load resistance Ry draws maximum power from a circuit when Ry, = Ry, where Ry, is the
Thevenin resistance of the circuit to which the load resistance is connected.

TABLE 6.1 Terminal Equations for Ideal Inductors TABLE 6.2 Equations for Series- and Parallel-Connected
and Capacitors Inductors and Capacitors
Inductors Series-Connected
i q =L1 +Ly+ -+ + L,
v=L% (V) L 1 2
= {/v dr + i(ty) (A)
4 Parallel-Connected
=i = Lig (W) T 1 : :
p a L=t+i+ otk
=172 i)
w =2k 0) Cq=C1+Cy+ -+ +Cp
Capacilors Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall
£ Parallel Inductors Initial Current
v = é/idr + (tp) (V)
0 i(tg) = iy (tg) + ix(to)+iz(ty) + - +i, (to)
. _ ~dv A
=G (&) Series Capacitors Initial Voltage
. dv
=i = Cvy (W)
g ! D(te) = vy (to) + v (t0) +v3(t0) + - +v(to)
w = é{'vz )

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall
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Mutual Inductance and Linear Transformers

e T3 PN e Round dots: Square dots:
vy oM L Y% vV, = joLiI; - joMI, V, = joL,I, + joMI,
— n — — . - . - — . — . —
V; =+joMI; - joL,1I, V, =—joMI; - joL,I,
w2 M?
Reflected impediance Z, = Zol? [(R, + R;) — j(wL, + X;)] where Z,, =R, + R, +j(wl, +X;)
22
Lii? L,i}
M = k\L,L, w(t) = % + % +iyi,M
Ideal Transformers
o|N; Nyl o o |N; N, F o[Ny NyJo 0N|Nz(
\ ‘ I, V, V, I ‘ I, V, V, I ‘ I, V, V, 1 ‘ I, V,
Ideal Ideal | ® Ideal g Ideal | ®
Y1 Yo Vi_ Vv, Ne Y Vi ¥
N, N, N, N, N, N, N, N,
NI = =Nl NI = Nyl NI = Nl NI = =Nl
(a) (b) (c) (d)
Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall
vV, _ 1V, 1 N,

The impedance seen by the source Z;, = E = E = ;ZL where a = E

TABLE 9.1 Impedance and Reactance Values

il v =V, cos(wt + ¢) Clronit
Vin Element Impedance Reactance
| W
\/ v ’ o

o

f = Resistor R —
21

=7I Capacitor j(—=1/wC) —1/wC
fo—T——+ o i P el

—_—

Inductor joL oL

S

= Vm B
Verr = Zlesy

Rectangular to Polar conversion

B
V=A+jB =A%+ BZL(tan_l—)°

A
Polar to Rectangular conversion

V =V, 2¢° =V, cos ¢ + jV,, sin ¢ (Note that V,, is a magnitude and should be positive, thus
angle differs)
Complex Arithmetic

Addition/Subtraction — must be in rectangular coordinates; combine real terms and imaginary terms.
Ex.(A; +jBy) + (A2 + jBy) = (A1 + Ay) +j(By + By)

Multiplication — Rectangular coordinates; distribute (FOIL)
Polar coordinates; multiply the magnitudes and add the angles

Division — Rectangular coordinates; multiply the denominator and numerator by the complex conjugate
of the denominator, then simplify.
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Polar coordinates; divide the magnitudes and subtract the angles

Complex Number Identities j2=-1 and }: _j
Average Power
— 2
Vinl — .2 1 |Veff|
P= mzmc05(9u —0;) = Vopplopr cos(6, — 0,) = |Lsf| R = EI’%R =
Reactive Power
—2
g i TPy = - [Vess|
Q= mzmsm(Qp —0;) = Vessleprsin(@, — 6;) = |Ieff| X = EIanX — eT

Complex power S =P +jQ

-

1 —_— 1 =2, — 2
S = S Vnlms(0y = 6:) = Verplerr £(6y = 0)) = Veppleps” = SVI" = [Tesr| 2

Apparent Power |S| = /P2 + Q2 Power factor pf = cos(6, — 6;)
Lagging power factor: implies that the current lags the voltage — hence inductive load
Leading power factor: implies that the current leads the voltage — hence capacitive load




