Lesson 37/:

Final Exam Review




" A
Exam admin

m Same format as previous exams
A few short answer (multiple choice, T/F) questions.

m 3 hours in duration
m Fairly equally weighting of semester’s material



" A
Final Review

m DC circuit analysis techniques

m Practical sources and meters

m Op amps

m Linear & DC machines

m Capacitors & inductors (transients)

m AC circuit analysis

m AC power and power factor correction
m 3-phase circuits

m Synchronous machines

m Rectifiers, filtering and zener diodes



"
Circuit analysis techniques

Ohm'’s law

T Thévenin's
* ‘ C ) theorem
e Voltage oy = i

Series divider rule
resistance

J Circuit analysis

KCL Al transformation t00lbox
Parallel Current
resistance divider

Source



" A
ldeal meters

m For accurate measurement, meters should not
affect the parameters being measured.

An ideal ammeter should have no voltage drop
across it and hence no resistance.

An ideal voltmeter should shunt no current through it
and hence infinite resistance.
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Practical voltage sources

m A real or practical source supplies its rated
voltage when its terminals are not connected to
a load (open-circuited) but its voltage drops off
as the current it supplies increases.
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" J
Nodal analysis steps

m |n nodal analysis we are interested in finding
node voltages.

m  Given a circuit with n nodes,

1. Select a reference node. Assign voltages
Vi, Vs, ..., V. ; t0 the remaining n-1 nodes.

2. Apply KCL to each n-1 node expressing branch
currents in terms of node voltages.

3. Solve the resulting simultaneous equations to obtain
unknown node voltages.



'_
-Ie Problem 1

Calculate the node voltages in the circuit below.




" A
Thévenin's theorem

m Thévenin’s theorem states that a linear two-
terminal circuit can be replaced by an equivalent
circuit consisting of a voltage source V4, In
series with a resistor Ry, where

V;,, IS the open circuit voltage at the terminals, and

R, Is the input or equivalent resistance at the
terminals when the independent sources are turned
off.
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Example Problem 2

Find the Thévenin equivalent circuit to the left of
terminals a-b. Then find the current through

R = 6, 16, and 36 Q.
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" S
Maximum power transfer theorem

m Maximum power is transferred to the load when
the load resistance equals the Thevenin
resistance as seen from the load (R, = Ryy).

A
RTh a r
MV

& i
Vi () Zr,

b 0 Ry Ry

Pmax [777777 4 :

V2
m The power delivered when R = Ry, IS Prmac = 4|£:
h

m The efficiency (n)

n = Pat 4 100% = 50%
pin




Operational amplifier

m An operational amplifier (op amp) is an active
circuit element designed to perform
mathematical operations of addition, subtraction,
multiplication, division differentiation, and
iIntegration.




ldeal op amp

m We can simplify the analysis of op amp circuit by
using an ideal op amp model.
m |ldeal op amp assumptions:

Input currents (i, I,) are zero.
The voltage across the input terminals is zero.

o —+ =
— — — — ir=0 v
V=V, -V, =0 or v =v, & >




" S
Basic op amp circults

R
s R

Non-inverting amplifier

Ry

R, R, AW
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Summer Difference amplifier



"
- Problem 3

Determine I, and i, below.




Linear motor summary

force exerted on bar due to current i,
iInduced voltage due to velocity of bar v

f=1,lB
e, = Blu
. V. —e .
i, =——=2 currentinthe bar
RA
. i o~ B field directed into page
A X X X X X
Wy —o—]
X X X X
A X X|| I X X Rails
X X X X
X X\ X X X

Sliding bar




Rotating dc motor summary

Ty, =K, iy torque developed due to current i,
e, =Ko, back emf due to rotational velocity o,
. V;—-¢e
j,=—|——2* armature current
RA
T =T — T OULput tOorque
Iy R,
A,
r




" J
Example Problem 4

A 120-V permanent magnet DC motor tested under two
conditions: loaded and unloaded. Without a load the
speed of the motor ., is 160 rad/s and 1,is 1 A. With a

load, the speed of the motor w,,is 148.6 rad/s and |, IS
2 A. Solve forR,, K,and T,



Capacitor properties
1. When capacitor voltage is not changing in time
(dc voltage), capacitor current is zero.

A capacitor is an open circuit to dc.

2. Capacitor voltage must be continuous (i.e., no
iInstantaneous changes in voltage)

3. ldeal capacitors do not dissipate energy.
4. Capacitors store energy in their electric field.



" J
Capacitors in parallel

The equivalent capacitance of N parallel-
connected capacitors is the sum of the
Individual capacitances.

Cqy=C+C+Ci+--+Cy
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" J
Capacitors in series

The equivalent capacitance of N capacitors
connected in series Is the reciprocal of the
sum of the reciprocals of the individual

capacitances.
1 1 1 1 1
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" J
Inductor properties

1. When inductor current is not changing in time
(dc) inductor voltage Is zero.

An Inductor Is a short circuit to dc.

2. Inductor current must be continuous (i.e., no
Instantaneous changes in current)

3. lIdeal inductors do not dissipate energy.
4. Inductors store energy in their magnetic field.



" A
Inductors In series

The equivalent inductance of N inductors
connected In series Is the sum of the
Individual inductances.

L, =L+L+L+--+L
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" J
Inductors in parallel

The equivalent inductance of N inductors
connected in parallel is the reciprocal of the
sum of the reciprocals of the individual
Inductances.




"
Example Problem 5

Under dc conditions find I, v, and i,. Also, determine the
energy stored in the capacitor and inductor.

I 19 5Q
" AN
é lIL
40
12V D 2 2H
W= 1L F




" S
Evaluating RC or RL circults

1. Determine Initial capacitor voltage v(0) or
Initial inductor current i(0) .

2. Determine final capacitor voltage v(w«) or
final inductor current i(c).

3. Find the time constant 1 =RC or 7=L/R.

capacitors Inductors
V(t) — V(OO) + [V(O) — V(OO)]e_t/T i (t) — (OO) n [| (O) ] (OO)]e—t/r



" J
Example Problem 6

The switch in the circuit below has been In
position A for a long time. Att =0, the switch
moves to B. Determine v(t) for t > 0 and calculate
Its value att =2 and 4 sec.




Sinusoids
m The general form of a sinusoid is .

v(t) =V_sinot
where
V_ = theamplitude of the sinusoid
o = theangular freguencyin radians/s
ot = the argument of the sinusoid

v(t) A

‘4}3 B /\
0 AN / >
i ﬂ?\/}n 31t \/m wl




"
Root mean square (rms) value

_ LT
V= \/? [IEOL!

/

root mean square

The effective value or root mean square
(rms) value of a periodic function is the dc
value that delivers the same average power
to a resistor as the periodic function .



RMS value of a sinusoid

m What is the rms value of the sinusoidal current
i(t)=1_sin wt ?

(1) A
" | =Im _g7071

= \/EJTE(H CoS2mt) dt o
T Jo2 J2



" S
Summary of phasor relations

Summary of voltage-current relationships.

TABLE 9.2

Element Time domain Frequency domain
R v = Ri V =RI
di
L = L— V = jowlLl
U di Jw
. dv I
C i = C— V=——

dt JjoC




Impedances of passive elements

N

TABLE 9.3

g
= —

Impedances and admittances
of passive elements.

Element Impedance Admittance

R Z =R Y =—
R
, 1
L Z = joL Y =—-
JjoL
1
C 7 =—— Y = joC




Impedance
m Impedance may also be expressed in polar form

Z=\z|£6

m Since Z=R+jX =|Z|£0

Z| =R+ X2, Q:tan‘lé

R=|Z|cosf, X =|Z|sinb



Average power with RMS values

m Consider the element below with v(t) and i(t)
JIven v(t) =V, cos(wt +6,)

1(t) =1, cos(wt +6.)

m Average power delivered to the load is

P= %le +Cos(0, —6,)

i(1)

. . + Passive
Sinusoidal
(1)

e | et J_ \/_
=Vims| rms COS(0, — 6,)

m-cos(6, —6,)




" BN
Power factor angle

m If 6,— 6> 0°power factor is said to be lagging
because current lags voltage.

Lagging power factor implies an inductive load.

m If 6,— 6,< 0° power factor is said to be leading
because current leads voltage.

Leading power factor implies a capacitive load.
7\ 7\
ICE ELI

Current (I) leads voltage(E) Voltage (E) leads current (1)
In a capacitor (C) In an inductor (L)



" S
Power triangle

Complex Power
S=P+ jQ:%VI *

=V, sl msZ (6, = 6,)

— Yrms' rms

Apparent Power (VA) Reactive Power (VAR)
S=|S =Vl =/P2+Q% °  Q=Im(S)=Ssin(6,-6)
\e

P

Real Power (watts)
P=Re(S)=Scos(6, - 6,)



Leading/lagging in power triangle

m The power triangle’s orientation depends on the
sign of Q (which depends on the load Z)

 Im A

Inductive < +0 (lagging pf)

Capacitive <

—Q (leading pf)




Power factor correction

A A
Oc
Before correction v After correction
A I
0, i *Ic
0>
\Y L
Y Y _ T
P =S coso, P =S, coso,
Q, =S sng, =Ptanf, Q,=S,9nf, =Ptand,

Qe =Q, —Q, = P(tan6, — tanb,)

c=
oV,

rms




'_
-Ie Problem 7

When connected to a 120-Vrms, 60-Hz power line, a load
absorbs 4 kW at a lagging power factor of 0.8. Find the
value of capacitance necessary to raise the pf to 0.95.

Fixed capacitors for
power factor correction



Balanced Y-Y connection
m A balanced Y-Y system.




Line voltages

m Line voltage are /3 times larger and lead their
respective phase voltages by 30°.

Vab — Van — Vbn — \/_S\/PZ 30°
V. =/3Vo L —90°
V_, =~/3V,/ —210°

__________




Balanced Y-A connection

m In a balanced Y-A connection, the currents
through each phase of the load (l o5, | gc; 1cp) are
not the same as the line currents (I, 1, 1,).

I(J

—_—




Line currents

m Line currents are v/3 times larger and lag their
respective phase currents by 30°.

)1,

Ica X 300
|, =~/3l ;gL —30°

IAB

—— |, =~/3l ;gL —150°

0 L |, =3l gl —270°




Single-phase equivalent

m In analyzing a balanced Y-A, we can transform
the load to form an equivalent Y-Y system.

7
7, =4
Y3

m Then a single phase can be examined to
determine the phase current.

£}
—_—

v %




" J
Example Problem 8

A balanced abc-sequence Y-connected source with
V,,=1000£ 10 ° V is connected to a A-connected balanced

load (8 + j4) Q per phase. Calculate the phase and line

currents. .

B




" S
Powers per phase

m Since the total instantaneous power isn’t a
function of time, the average power per phase is

P, =Vl cosé

m Likewise, the reactive and apparent power is
Qo =Vplpsind S =Vplp

m The complex power per phase is

Sp =R+ jQp=Vplp



" J
Total powers
m In terms of line voltages and currents, recall
Y-oads V, =3V, I, =1,
Aloads V=V, | =43l
thus the total real and reactive power Is given
P=FP,+R +P :SN/PIPCOSH:\@’\/LILCOSH
Q=Q,+Q +Q.=3V,l,sind =3V I, sino



Total complex power

m The total complex power is

2
Szﬁ%zsvgzzsﬁzpzég-

where the load impedance per phase is Zp,=2/6.
m Using line voltages, we could write

S=P+jQ=+3V, 1,20



"
Example Problem 9

Two balance loads are connected to a 240-kV rms, 60-Hz
line. Load 1 draws 30 kW (pf=0.6 lagging) while load 2
draws 45 kVAR (pf=0.8 lagging). Assuming the abc
sequence determine the (a) the complex, real and reactive
powers absorbed by the load, (b) the line currents, and (c)
the KVAR rating of the 3 capacitors A-connected in parallel
that will raise the pf to 0.9 lagging and the capacitance of
each capacitor.

a | o

e
H

Balanced Balanced
load 1 load 2

RS
S

& 5
=3
(=9




Turns ratio n

m The turns ratio or transformation ratio of the
number of windings N, to N,, and thus the
voltages V, to V..

V, N

Y2 _q
1

VvV, N

A C—D Vi %H é V Z ¥ 3| E

O O

circuit symbol for
Ideal transformer

O
O




= BN
Transformer currents

m Given that an ideal transformer has no power
losses,

. . I V
Viji; =V,i,, thus —2 = —1
Il V2 N2

O
O




Complex power

m Applying conservation of power, the complex
power delivered to the primary winding must
also be delivered to the secondary.

% V % %
S1:\/1|1:?2(m2) =V,l, =S5,

I Ng:N, D
—_— ] =402 —_—
O———— IE—

&
+

“JIE

g 0



Reflected impedance

m The input impedance is also called the reflected
Impedance and is often used in impedance
matching.

VvV, vV, 1 1V, 1

Z. — —
2 2
l, nn, nl, n

In

Z,




" J
Example Problem 10
For the ideal transformer below find
a. the source current |,

b. the output voltage V
c. the complex power supplied by the source

I 4 Q —j6 <2 I,
—= oo [ L  —=
|| ®
+ + +




AC Synchronous Generator

m Per-phase equivalent TR
iXs s +
E, = Lj'g“’e £6 V. | LOAD




Motor speed (multiple poles)

m The relation between rotor angular velocity (@)
and that of the induced voltage (w,) Is given by

P
(Vg :Ea)m

m Converting to electrical frequency (f.) in hertz
and motor speed in RPM, we have

ane:E(Nmz—ﬂj — Nmzlzgfe [rpm]

2 60



Per phase equivalent circuit
m The per phase equivalent can thus be drawn

Vas

I 4

+ Ea+ Xl

p * -

:rslas

terminal voltage stator winding excitation or synchronous
(line-to-neutral) resistance generated voltage reactance

m This circuit would constitute one phase of a
three-phase source (either Y or A connected).



Per phase equivalent circuit

m This circuit would constitute one phase of a
three-phase source (either Y or A connected).

Y -connected source A-connected source



"
Example Problem 11

A 208-V, . (line), 60 Hz, Y-connected generator has

X~ 100 Q, r,= 0 Q. Atrated terminal voltage, the machine
delivers 1.5-A,  (line) to a 0.707 pf lagging load.

a. Determine the machine current.
b. Determine the excitation (or generator) voltage E,.

c. Determine the power (torque) angle 6.
J loo 5y [5/‘)*

/::; CL'P 208V \E 0.707pf- {q

=t
-

n

A lhasel



"
Example Problem 11 (continued)

d. If the generator has 4 poles, what is the speed of the
prime mover.

e. Determine the developed torque.

f. Suppose the load current increases to 3-A,, at a 0.707
lagging pf. If we have the same terminal voltages, how
must the field current change?



Half-wave rectifier with filter

m We examined the filtered half-wave rectifier and
determined EEEN

y =7 — tan_l(a)RoadC)

_( 2r+a—y

} half-wave rectifier with capacitor filtering
sino —sin(y)e ' “f=“/ =0

DlovE ON i
¢« Sle  bplooE OFF s

AV

_ _ out
Vout,ave _ Vpk 2

AVqy =V — Vi SIN




S
Simplifying filter design

m This simplified equation yields some insights In
design.
The ripple is largest when R4 Is smallest.
The average output voltage decreases with R4 small.
The magnitude of the ripple can be made small by
making C big.

Viok
AVout = pr C
oad

1
Vout,ave ~ Vpk 1- 2 fR C
oad



Zener diode voltage regulator

m Recall our expression for the zener diode current.

i, =is—i, | L,

Vg =Ve Y, Ve, () | i

i, ’
RS Road J Va_ % Rewn Vaw -

m Max/min currents are given )

i _ Vunreg,max _Vz . VZ i _ Vunreg,min _Vz . Vz

Z,max Z,min
Rs I:aoad,max Rs F%oad,min

Where Fqoad,min < F%oad < F%oad,max




" J
Example Problem 12

Suppose you choose a 0.5W, 9V zener diode for a load

application where 300-Q < R4 < . Determine the range

Of V reg fOr Ry =20-Q2, 100-2 , and 500-€2 .

e
B <AL

by
2 Ry T

L

Rs

Is
Vl}



