IETTI-220 Comprehensive exam

Basic Math section — questions 1 through 10
O (Q1) Ohm’s/Joule’s Law calculations in simple DC circuits

O (Q2) Resistor color code and tolerance calculations
O (Q3) Oscillograph interpretation

O (Q4) Ohm’s Law calculations in simple AC circuits
O (Q5) Right-triangle distance calculations

O (Q6) Analog meter interpretation

O (QT7) Proportions

O (Q8) Unit conversions

O (Q9) Manipulating algebraic equations

O (Q10) Interpreting graphs

Basic DC circuits section — questions 11 through 20

O (Q11) Series or parallel resistor network calculations
(Q12) Series-parallel resistor network calculations
(Q13) Bridge network calculations

(Q14) Qualitative analysis of simple DC circuits
(Q15) RC time delay calculations

(Q16) LR time delay calculations

(Q17) Multi-source network calculations

(Q18) Thévenin/Norton equivalent networks

(Q19) Voltage divider design

(Q20) Time-delay circuit design

OO0OO00OOOO

Basic AC circuits section — questions 21 through 30

O (Q21) Rectifier circuit calculations

(Q22) Series or parallel RLC network calculations
(Q23) Series or parallel LC resonant circuit calculations
(Q24) Transformer circuit calculations

(Q25) Qualitative analysis of simple AC circuits

(Q26) Three-phase wye-delta calculations

(Q27) Three-phase delta-wye calculations

(Q28) AC motor calculations
(Q29) Filter circuit design
(Q30) Sketch phasor diagrams
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IETTI-220 Comprehensive exam

Basic Test and Measurements section — questions 31 through 40

O (Q31) Sketch proper multimeter connections in a simple circuit
(Q32) Adjusting oscilloscope controls to achieve better display
(Q33) Identifying oscilloscope front-panel controls

(Q34) Identifying standard electronic test equipment

(Q35) Multimeter insertion resistance calculations

(Q36) Sketch proper oscilloscope connections in circuits

(Q37) Pulse-width-modulation load parameters via oscillograph
(Q38) Interpreting curve-tracer graphs

(Q39) Using logic tracer to test digital circuits

(Q40) Using multimeter to test transistor switching circuits

OO0O0O0O00OO00O

Basic Troubleshooting section — questions 41 through 50

O (Q41) Identifying possible faults in battery-switch-lamp circuit
Q42) Identifying possible faults in RC or LR time-delay circuit
Q43) Identifying possible faults in an unloaded voltage divider circuit
44) Identifying passive filter type and predict effect of component fault
Q45) Identifying possible faults in logic gate circuit
Q46) Identifying possible faults in relay ladder circuit
Q47) Identifying possible faults in semiconductor switching circuit
Q48) Identifying discrete component faults using ohmmeter
Q49) Identifying effect of fault in power converter circuit
Q50) Interpreting purpose of a component(s) in a power electronics circuit
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Transistor Circuits section — questions 51 through 60

O (Q51) Transistor switching circuit calculations

(Q52) Selecting components for transistor switching circuits

(Q53) Multi-stage BJT amplifier gain calculations

(Q54) Selecting components for transistor oscillator circuits

(Q55) Design and sketch interface between microcontroller and power converter
(Q56) Identifying possible faults in transistor amplifier circuit

(Q57) Design and sketch BJT switching circuit

(Q58) Design and sketch FET switching circuit

(Q59) Selecting components interposing logic gate output to heavy load

(Q60) Identifying possible faults in microcontroller I/O circuits
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IETTI-220 Comprehensive exam

Operational Amplifier section — questions 61 through 70

O (Q61) Identifying comparator input conditions necessary for specified result
O (Q62) Design and sketch opamp circuit with specified gain

O (Q63) Summer /subtractor calculations

O (Q64) General opamp circuit calculations

(O (Q65) Sensor-conditioning opamp circuit calculations

O (Q66) Identifying expected signals within opamp oscillator circuit

O (Q67) Precision rectifier circuit calculations

O (Q68) Integrator circuit calculations

O (Q69) Differentiator circuit calculations

O (QT70) Identifying possible faults in opamp circuit

Advanced Digital section — questions 71 through 80

O (QT71) Determining logic states within a combinational logic circuit

(Q72) Design and sketch latch or flip-flop circuit to fulfill a function

(Q73) Evaluate timing diagram for signal integrity

(Q74) Select component values for digital (PWM) power control circuit

(Q75) Configuring a counter circuit for frequency division

(Q76) Identifying possible faults in latch/flip-flop circuit

(Q77) Programmable Logic Controller (PLC) output states given pushbutton conditions
(Q78) Programmable Logic Controller (PLC) output states given process switch stimuli
(Q79) Determine status of shift register circuit

(Q80) Identifying mitigations for signal interference in cables

OO0O0O000OO0O

Note: this Comprehensive exam borrows many multi-part questions from regular exams offered through-
out the EET program. In order to reduce the amount of time necessary to complete this 80-question exam,
you will not be required to answer every part of every question. Instead:

e On troubleshooting questions where there is a “possible/impossible” fault table, you need only answer
three rows in that table and not the entire table. You may choose which three faults to declare as either
possible or impossible, but all of those answers must be correct in order to count as a correct answer
for that question.

e On all other multi-part questions, you need only answer one part of that question. Again, if you answer
more than one part of any multi-part question, all of those answers must be correct in order to count
as a correct answer for that question.

TOTAL SCORE =



Question 1

A simple circuit consisting of a voltage source and a resistor connected together with copper wire has
the following properties:

e Copper wire size = 14 AWG

e Resistor color code = Orange, White, Brown, Gold
e Source voltage = 25 Volts

e Voltage source weight = 3 pounds

Calculate the amount of power dissipated by the resistor and the amount of current passing through
it in this circuit assuming the resistor’s actual value precisely follows its color code (i.e. assume zero error
rather than the customary + 5%):

P =

I =

Question 2

Determine the nominal, low, and high resistance values for the following four-band resistor color codes:

Green - White - Red - Gold

e Nominal (ideal) value = Ohms
e Lowest tolerable value = Ohms
e Highest tolerable value = Ohms

Blue - Red - Black - Silver

e Nominal (ideal) value = Ohms
e Lowest tolerable value = Ohms
e Highest tolerable value = Ohms



Question 3

Identify the following parameters relating to these two voltage waveforms, where Channel 1 is the upper
waveform and Channel 2 is the lower waveform. Channel sensitivity, timebase, and trigger settings for the
oscilloscope appear immediately below the grid:

Tek SE 25.0k5/!§ 103 Acas

S0.0mvy  M2.00ms Chi J

e Channel 1 Vp;, =

e Channel 2 V;_pi =

e Period =

e Phase shift = (degrees)
e Channel 1 leads or lags? Channel 2



Question 4

A 230 Volt RMS AC source with a frequency of 50 Hz connects to a 0.33 uF capacitor. Calculate current
in this circuit, expressing your answer in either rectangular or polar form, assuming the source is the phase
reference (e.g. £ 0°):

I =
A 3 Ampere RMS AC source with a frequency of 400 Hz connects to a 20 mH inductor. Calculate

voltage in this circuit, expressing your answer in either rectangular or polar form, assuming the source is the
phase reference (e.g. / 0°):

V:



Question 5

A plot plan for an industrial facility shows the relative locations of processing equipment, on a “grid”
where each square represents 5 meters of distance horizontally and vertically. Certain sensors in this industrial
facility are radio-based, and are represented by red dots and “tag name” labels:
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Determine the line-of-sight distance between the “Gateway” radio unit and each of the following sensors:
Distance between Gateway and sensor TT-10 =

Distance between Gateway and sensor AT-77 =



Question 6

Determine the amount of voltage being registered by this analog VOM (Volt-Ohm-Milliammeter) with
its selector switch set on the 250 Volt AC range:

Meter indication =

Question 7

If a robotic assembly line is able to assemble 430 units over an 8-hour span while working at a constant
pace, how many units will it be able to assemble if allowed to work for 20 hours at that same constant pace?

Units =

Question 8

Convert the mass rate 15 kilograms per minute into pounds per second. The following equivalents
are given as a helpful reference, though you may not need to use all of them:

1 minute = 60 seconds

1 pound = 16 ounces

1 kilogram = 2.2046 pounds
1 hour = 60 minutes



Question 9

Solve for y in this equation:

Question 10

Identify the approximate collector current through a bipolar junction transistor given a base current
of 0.3 mA and a collector-emitter voltage of 6 Volts, assuming the graph’s vertical axis is calibrated in
milliAmperes and horizontal axis calibrated in Volts:
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Question 11

Calculate the following parameters for this circuit, assuming V3 = 76 V, Ry = 2.9 k), Ry, = 1 k2, and
R3 = 15 k2

TPL P2 P4
¥
v.(D) R, R, R,
TI'DO TI'D3 TI'DS

o Ip =
L Ptotal =
[ ] IRQ =
o Vrps_Tp3 =

Question 12

Calculate the power dissipated by R; and the voltage between points B and C in this circuit, if we know
there is 4.5 Volts dropped between points E and F. Annotate the polarities of Vo and Vgp using + and —
symbols, both annotations shown in the original diagram:

A Q C E
/
R%lzkcz R3%1KQ R4§39k9
2.7kQ
VWA
B R2 D F
Pry =
Vee = (Also draw + and — polarity marks on diagram)

Ver polarity = (Only draw + and — polarity marks on diagram)
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Question 13

Replace resistor R3 with one having a value necessary to balance this bridge circuit, then calculate the
requested voltages and currents in the balanced circuit containing that new resistor value:

R3 =

Vbe =
Vap =
Ips =

Isource =

Be sure to specify whether the voltage values are positive or negative, following the convention that the
first subscript represents the voltmeter’s red test lead and the second subscript the black test lead (e.g. Vap
= red on A and black on B).
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Question 14

Suppose inductor L, fails shorted in the following circuit:

Switch

Healthy circuit Faulted circuit

T T
Switch i Switch i
Suichy Time —— Suchy Time —

Sketch graphs for Lo voltage and current in the circuit assuming no faults (left) and again with the
failed component (right).
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Question 15

Calculate the capacitor voltage in Volts and capacitor energy in microJoules for this circuit at the times
shown in the table (following the switch changing position), assuming V3 = 30 V, C' = 390 uF, R = 2.7 kQ,
and that the switch has been in the position shown for a very long time before being flipped:

Vi
G 1)

N

R
C

T

Time (seconds)

Ve (Volts)

E¢ (microJoules)

2.2

3.5

Also, sketch both the capacitor voltage (V) and the resistor current (Ir) on the graph below. The time
axis on this graph begins at the exact moment the resistor is connected (i.e. ¢ = 0) and continues to some
time long enough for the voltages and currents to completely settle to their final values. Be sure to label the

peak values of each quantity sketched:

V, |

T

Switch flips

Time

13




Question 16

Calculate the resistor’s voltage drop in Volts and inductor energy in milliJoules for this circuit at the
times shown in the table (following the switch changing position), assuming V7 =15V, L = 1.8 H, R = 11
Q, and that the switch has been in the position shown for a very long time before being flipped:

TP1 R

TP4

Time (milliseconds) Vi (Volts) Ep (milliJoules)
100
250

Also, sketch both the inductor voltage (V) and the resistor current (Iz) on the graph below. The time
axis on this graph begins at the exact moment the switch flips position (i.e. ¢ = 0) and continues to some
time long enough for the voltages and currents to completely settle to their final values. Be sure to label the
peak values of each quantity sketched:

V, |

f Time
Switch flips
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Question 17

In this circuit, a generator turned by an automobile engine provides electrical power to various loads in
the automobile as well as current to re-charge the automobile’s battery. The battery, of course, discharges
when needed to provide additional current during “heavy” load conditions. The wires connecting these
components together have small amounts of resistance as shown:

RWire RWire
VWA VWA
0.01Q 0.03Q
E Battery Loads

Supposing the generator’s terminal voltage is 14.1 Volts, the battery is discharging (i.e. acting as an
electrical energy source) with a current of 25.3 Amperes, and the load current is 45.9 Amperes, calculate the
following:

%attery =

Woads =

Also, show the direction of current (conventional flow notation) through both wires and through the
battery.

Question 18

Sketch a Thévenin equivalent circuit for this network complete with Vi, and Ry, values, and also
calculate load voltage. Assume a load resistance of 4 k€2, and that all other resistors in the original network
have equal values of 1 k{2 each:

VAYAYA
Ricad G) 18V
VAYAYA
VAYAYA
o Vrp =
o Ry, =
® Viocad =

15



Question 19

Design and sketch an unloaded voltage divider circuit consisting of two resistors, one of them being 3.9
kQ in value, and drawing 3 mA of current from the DC source. Be sure to specify any necessary component
value(s). The output voltage shall be 6 Volts (with polarity shown):

6 Volts —( 39

+

Question 20

Design and sketch a circuit where a measured voltage begins at a value of zero, then inverse-exponentially
climbs after toggling a switch, and eventually settles at a maximum of 10 Volts. Be sure to specify where in
your circuit this voltage will be measured.

16



Question 21

Calculate peak load voltage as well as the direction of load current in this circuit, assuming the use of
a standard silicon rectifying diode and a generator voltage of 115 Volts RMS:

|
Generator <4

;33 % Load

‘/load(pk) =

Lioaqa = (sketch arrows in the direction of conventional flow)

Question 22

Calculate the following parameters for a parallel resistor-inductor-capacitor circuit given the following
component values:

e Viource = 15 Volts RMS
hd fsource =3 kHz
e R =810
e L =75mH
o C'=0.022 uF
Ztotal =
I =
Zo =
Ir =

All answers must be shown as phasor (i.e. complex-number) quantities in polar form.
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Question 23

Choose the necessary value for Cs to make this network resonate at a frequency of 1 kHz assuming L,
is 7 mH and C7 is 1 uF, and determine whether the total impedance at that resonant frequency will be
extremely high or extremely low:

¢l G
3

Cy =

Ztotar @ resonance = high / low

Question 24

Calculate the load current and resistance in this transformer circuit. Assume an ideal transformer with
no power losses at all:

200 MA —s 9:1 ratio

@ 17V*[ R

Iload = Rload =

Question 25

Predict the effects on the following voltages and currents in a series RL network with constant source
voltage if the inductor is replaced with another having a smaller value (i.e. fewer milliHenrys):

e Current through source (increases, decreases, or remains the same)
e Voltage across L (increases, decreases, or remains the same)
e Voltage across R (increases, decreases, or remains the same)

18



Question 26

Calculate the following parameters in this balanced 3-phase power system, assuming a source phase
voltage of 220 VAC and a load phase resistance of 370 Ohms:

370Q

&

Source

Load
370Q 370Q

220VAC 220 VAC

220 VAC
‘/Zine -_ Volts
ljine = Amperes
Iphase (load) =_ Amperes

Question 27

Calculate the following parameters in this balanced 3-phase power system, assuming a source phase
voltage of 220 VAC and a load phase resistance of 29 Ohms:

220 VAC d
2115 Loa
29Q 29Q
Source
220 VAC 220 VAC
29Q

Viine = Volts
Iiine =__ Amperes
Iphase (source) = Amperes

19



Question 28

A three-phase electric motor running on a line voltage of 208 Volts draws 4.1 Amperes of current.
Calculate the horsepower output of this motor at this line current, assuming 100% efficiency and a perfect
power factor (1.0).

Question 29

Design a low-pass filter with a cutoff frequency of 3 kHz, using either a 0.01 pF, 0.022 uF, or 0.0047 uF
capacitor. Sketch the components between the terminals shown below:

o T T }
[}

o—t— ——o
| |
| |

Vi n E : Vout

. :
| |

O—:— —:—O
| |
L o e e e |

Be sure to show all component values within your diagram.

20



Question 30

Sketch a phasor diagram for all voltages in a simple series resistor-capacitor circuit given the following
component values:

e I ource = 3 Amperes RMS Z 0°
b fsource = 240 Hz

e R=150Q

o C =27 uF

Draw the phasor lengths and angles as close to scale as you can, being sure to document your calculated
values for the phasor quantities (i.e. show your work!).

21



Question 31

Show how this digital multimeter should connect to the circuit in order to measure the battery’s
voltage, such that the meter will register a positive quantity, anticipating between 12 Volts and 15 Volts. If
you must break continuity anywhere in the circuit, please mark each broken connection with an “X” symbol:

Battery

Switch

Lamp

e Sketch proper connections for the red and black test leads
e Show proper setting of the meter’s rotary selector

22



Question 32

This oscilloscope displays nothing at all even when there is a known signal applied to Channel B. Identify
the front-panel control(s) on this oscilloscope you might use to view the waveform:

Volts/Div A Sec/Div
05 02 01 1m? P50y
1 50 5m 104
20m Position 25m 250
5 10m : 100m 051
10 5m 500 m 0lp
20 2m 125 2 0.025 n
DC Gnd AC ; ™
v @
@ Position
A B Alt Chop Add _
OO0 O O O Triggering|  Level
-+
| r @
Volts/Div B ol At Holdoff
05 02 01 A
L N, Position E, Iél)r:te
. on +@ " Ext. input
" sm  INVETt Intensity  Focus Ream find O|Norm AC
20 2m IE . . IE ol Auto DC
i DC Gnd AC off” 0O|Single F LF Rej
S|gnal — @ Calllv G&d Tracérot O|Reset _tS|Ope E HF Rej

23



Question 33

Identify the front-panel control(s) on this oscilloscope you would use to select the type of signal coupling
on the input of Channel 1:

24



Question 34

Identify the purpose of this test instrument, and also identify one practical application for it:

ELLEE) 83404 W

Question 35

Sketch how to connect this digital multimeter (DMM) to measure voltage between points B and E in
this circuit so that it will register a negative value. If you need to break any existing wire connections to do
so, mark those breaks with “X” symbols.

A .c Q
100 kQ 470 kQ
18v () g /
220 kQ 270 kQ
é |

Next, determine how much voltage this DMM will register when connected between those points, as-
suming the meter has an internal (insertion) resistance of 2 MQ.

Voltage measurement = Volts

25



Question 36

Identify where an oscilloscope probe could be connected in this circuit to measure ripple voltage:

8 mH
1N4148
4115 r—
+
VgCC_ 5V TIPRL1pF——  RigqS 1000
2200
VPWM

Question 37

An oscilloscope measures pulsed DC voltage across a 5  load resistance that is known to be dissipating
an average power of 81 Watts. Determine the peak voltage of this PWM waveform:

26



Question 38

Interpret this display shown by a curve tracer instrument which works by exciting a component with
an AC or “swept” DC voltage (horizontal axis) and measuring device current (vertical axis), yielding a
current /voltage characteristic curve for the device under test.

Identify both the component connected to this curve tracer as well as any defects in that component as
evidenced by the instrument’s display:

27



Question 39

Determine the states that would be measured at various test points in this digital circuit using a logic
probe:

vdd
) 1 =
1T\ |
L 1% o %] |
vad - i - 2 — -
D ¥ e wiat B A T
N B 1 p'
2 ARG .
I~ I~
5 LR Use L=

Logic state at test point 1 = (high) or (low)
Logic state at test point 2 = (high) or (low)
Logic state at test point 3 = (high) or (low)

28



Question 40

This pair of transistors interposes the output of a microcontroller (MSP430) to a high-current load:

+3.3V
+12V
o il
Vee (133V) Ve 31
+33V
PLO PR6[] —
PL1 P27 ] Load
PL2 TEST[]

P13

P14

L]

K]

P15 P1.6 <

:
)

N
o

P2.5

0ZNIESSZO0EVYHSIN

§

P2.4

|
I_II_II_II_II_II_II_II_II_IFL\

§

U

P2.3

Identify where you would connect a multimeter to measure a signal diagnosing whether or not the BJT
was turning on and off as it should when triggered by the microcontroller, assuming that the microcontroller
has been programmed to output slow pulses at output pin P1.6. In addition to identifying the connection
points, also specify which function (voltage, current, resistance) the multimeter should be configured for
during this test.
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Question 41

Suppose the lamp refuses to light up regardless if the pushbutton switch is pressed or not. A voltmeter
registers 12 Volts between test points C and E in the circuit while the pushbutton is released (not pressed):

A, ¢ e e

12 volts

(0.25 amps
current-limited)

B ¢ . *F
D

Note that a “current-limited” voltage source behaves like a normal voltage source when the load draws
less than its current rating (i.e. constant voltage), but when faced with a load that would draw more current
than its rating it switches into current-source mode and limits current to that rated value while letting the
voltage sag below its normal value. For example, when shorted, a current-limited source will output its rated
current at zero Volts.

Identify the likelihood of each specified fault. Consider each fault one at a time (i.e. no coincidental
faults), determining whether or not each fault is compatible with all measurements and symptoms in this
system.

Fault Possible Impossible
Open wire between A and C
Open wire between B and D
Open wire between D and F
Lamp failed open
Switch failed open
Lamp failed shorted
Switch failed shorted
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Question 42

Suppose the voltage dropped across resistor Ry when the pushbutton switch is pressed grows to a higher
level than it should, and then refuses to decay as it should when the pushbutton is released, as shown in the
graph to the right of the schematic diagram. The dashed graph shows what the circuit ought to do, while

the solid graph shows what it actually does:

1

CD Ci—/ . % Ve,
-l
VAN :

Actual

Switch
pressed

Switch I
released

Identify the likelihood of each specified fault. Consider each fault one at a time (i.e. no coincidental
faults), determining whether or not each fault is compatible with all measurements and symptoms in this

system.

Fault

Possible

Impossible

Resistor R, failed open

Resistor Ry failed open

Capacitor C failed open

Capacitor C5 failed open

Capacitor C; failed shorted

Capacitor Cy failed shorted
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Question 43

The following voltage divider circuit has a problem, as it is found to output 12 Volts. The components
are rated as follows:

e 1] = 24 Volts
e R1 =10k
e R =10k 0
e R3 =10k O

A diagnostic test performed using a voltmeter registers 0 Volts between test points E and D.

A Rl

b 00

v, ) .

E D

Identify the likelihood of each specified fault. Consider each fault one at a time (i.e. no coincidental

faults), determining whether or not each fault is compatible with all measurements and symptoms in this
system.

Fault Possible Impossible
Open wire between E and D
R1 failed open
R2 failed open
R3 failed open
R1 failed shorted
R2 failed shorted
R3 failed shorted
Voltage source dead
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Question 44
Identify the type of filtering behavior of the circuit shown in this diagram:

”“ |

Vin () — Vo
l

Next, identify the filtering behavior of this same circuit supposing the capacitor fails open. Place two
check-marks in the table below to identify each filtering characteristic (one check-mark identifying the healthy
circuit’s characteristic and another check-mark identifying the faulted circuit’s characteristic):

Faulted circuit

Filter type Healthy circuit

Low-pass
High-pass
Band-pass
Band-stop
Passes all frequencies
Blocks all frequencies

Question 45
The following logic gate circuit has a problem. Its output state is always low (0) regardless of the input

T Ju—
ﬁc }th

Identify the likelihood of each specified fault. Consider each fault one at a time (i.e. no coincidental
faults), determining whether or not each fault is compatible with all measurements and symptoms in this

states:

C

system.

Fault Possible Impossible

U7 output failed low
U, output failed high
Us output failed low
U, output failed high
Us output failed low
Us output failed high
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Question 46

The following relay ladder logic circuit has a problem. The lamp energizes every time pushbutton C is
released, regardless of the other switch states:

Ll L2
A CR1
Ll O—4
B
S

CR1 C Lamp

| L. o

Identify the likelihood of each specified fault. Consider each fault one at a time (i.e. no coincidental
faults), determining whether or not each fault is compatible with all measurements and symptoms in this

system.

Fault Possible Impossible
Switch A failed open
Switch A failed shorted
Switch B failed open
Switch B failed shorted
Switch C' failed open
Switch C failed shorted
CR1 contact failed open
CR1 contact failed shorted
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Question 47

Suppose this DC electric motor refuses to run when the pushbutton switch is pressed. A voltmeter
subsequently connected between test points A and C in this circuit registers 0 Volts when the switch is
pressed:

15 A fuse

E
2V .
0.5 A fuse
A‘A/_IC
+ |‘ R
2av (3) . R..
G H

Identify the likelihood of each specified fault. Consider each fault one at a time (i.e. no coincidental
faults), determining whether or not each fault is compatible with all measurements and symptoms in this
system.

Fault Possible Impossible
Pushbutton switch failed open
Pushbutton switch failed shorted
Motor failed open
Resistor failed open
15 amp fuse blown
0.5 amp fuse blown

Question 48

A 10 pF capacitor measures 1.5 Ohms of resistance when tested with an ohmmeter. Determine whether
or not this capacitor is healthy, and if not what type of fault it has.
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Question 49

Identify the effect that a failed-open left half of the transformer’s primary winding will have on this
power converter circuit’s output to the AC load:

DC source —

Microcontroller

Please be as specific as you can in your answer!

Question 50

Identify the purpose of component #60 in this alternator schematic:

68

N
70
62 —_—
B

VS

42

35_J?_

40

64 =
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Question 51

Calculate the following parameters in this switching circuit, assuming a source voltage of 17 Volts, a
resistor value of 2.2 k{2, a load resistance of 150 €2, and a transistor with a turn-on voltage of 1.9 Volts and

negligible Rpg(on):

With switch closed
Pr =

Iload =

With switch open
Pr =

Iload =

Load

11T}
Q R

h-—/\/\/\,—q

( Switch G) VSUPP'Y

Question 52

Calculate an appropriate Rpg(on) rating for a MOSFET assuming a supply voltage of 90 Volts, an
expected load current of 25.7 Amperes, and a maximum transistor power rating of 70 Watts:

RDS(on) =

Load AN

e

Switch

Is your calculated transistor on-resistance value a minimum or a mazimum in order to ensure the circuit

will function reliably?
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Question 53
Predict the amount of AC voltage gain that will be exhibited by the following amplifier circuit:

+10V

79kQ 56kQS  33,F
1 HF ( Vout

22kQ 3.3kQ 1.2kQ

You may express your answer either as a gain ratio or as a decibel figure. If you answer in both formats,
both of your answers must be correct! If you choose to answer in decibels you must write “dB” as the unit,
as any unit-less answer will be assumed a gain ratio.

Ay =

Question 54
Identify the proper value for L; to make this circuit oscillate at 8 kHz, assuming C; = Cy = 22 nF.

Vv
—= Colpitts oscillator
L
R ReS '8
Cs G G
[ ——
RZ RE
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Question 55

Sketch a circuit to interface output port P1.7 of the microcontroller to the power converter’s transistor,
so that a PWM signal generated by the MCU will control the power conversion. You are free to include
additional components as necessary:

+3.3V

=2

N\
Ve (133V) Vss }_Al +12V
[]PLo P26[] — B
P11 P2.7[]
P12 G TEST Akt =
2 7 ] — >
~ o
]rP3 & RsT ! L
9]
dee 8wy gH
Ors &  PL6[]
[ P20 § P25 . L L 1 1
P21 P24 ] >
P22 P23 ]
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Question 56

Suppose the following amplifier circuit produces a distorted sound at the speaker despite the presence of
a “clean” input signal (as verified by an oscilloscope measurement at TP1). DC voltage measured between

TP6 and ground is much higher (i.e. a stronger negative DC voltage) than normal:

P4

-V

Identify the likelihood of each specified fault. Consider each fault one at a time (i.e. no coincidental
faults), determining whether or not each fault is compatible with all measurements and symptoms in this

system.

Fault

Possible

Impossible

R failed open

R, failed open

Rg failed open

Cs failed open

Cj failed open

Cy failed shorted
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Question 57

Sketch wires connecting these components together to form a circuit where pressing the pushbutton
switch causes the transistor to turn on and send power to the lamp (with DC polarity shown). The push-
button switch should carry only as much current as is necessary to trigger the transistor, and not carry full
lamp current. Feel free to add other basic components as necessary to make your circuit reliably functional,
but do not include anything unnecessary in your design (e.g. resistors that don’t serve a purpose, or a second

source).
O @ =Gy

Question 58

Sketch wires connecting these components together to form a circuit where pressing the pushbutton
switch causes the transistor to turn on and send power to the lamp (with DC polarity shown). The push-
button switch should carry only as much current as is necessary to trigger the transistor, and not carry full
lamp current. Feel free to add other basic components as necessary to make your circuit reliably functional,
but do not include anything unnecessary in your design (e.g. resistors that don’t serve a purpose, or a second
source).

= -
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Question 59

Calculate the minimum beta (/3) ratio necessary for the silicon transistor to reliably switch the load on
and off, assuming we need it to be saturated when turned on by the output signal from the logic gate, and
that the gate is limited to a maximum output current of 15 milliAmperes:

+20V

Load

5V

Assume the load passes 0.5 Amperes of current when energized.

8=
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Question 60

The following microcontroller is programmed to control the starting and stopping of an electric motor
at the command of two pushbutton switches. After years of proper operation, the motor suddenly refuses
to start when the “Start” pushbutton switch is pressed. A voltmeter registers 4.99 Volts between MCU pin
1.7 and ground while neither pushbutton is being pressed:

+5V +12V
mMcu PLO |
PL.1 [—
P12 — Motor D,
PL.3 [— 0
PL.4 [— R, 1
PL.5 [—
P1.6
P1.7 |
L i
+5V -
T _|_Start

L1

Y/

Identify the likelihood of each specified fault. Consider each fault one at a time (i.e. no coincidental
faults), determining whether or not each fault is compatible with all measurements and symptoms in this
system.

Fault Possible Impossible
Start switch failed open
Start switch failed shorted
Stop switch failed open
Stop switch failed shorted
Transistor failed open collector-emitter
R, failed open
Diode failed shorted
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Question 61

Choose a value for V,..; that will absolutely guarantee the LED is energized, assuming R; through Rj3
are all 3.3 k), Ry is 470 2, and all integrated-circuit components are powered by a single +12 Volt DC
source:

+12V

R,

Vtr‘ef =

Question 62

Design a voltage amplifier circuit using an operational amplifier (“opamp”) where the over-all voltage
gain (ratio) is equal to +10:

Be sure to show all component values within your diagram, as well as clearly labeling the “input” and
“output” signal terminals.
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Question 63

Calculate the following parameters in this circuit (be sure to specify the polarity of each voltage with
respect to ground!):

R, = 10kQ

R =5kQ .,
AN—3

=
o
=
Q

TP1

w
<
=
253
~
Q

IN
<
=
o
=
Q

o

.||
@
S

V out

Question 64

Calculate the amount and direction of current through resistor Ry in this opamp circuit, given the
output voltage and resistor values shown. Note that the voltage source for V;, is not shown. Assume the
opamp is capable of “rail-to-rail” output voltage swings, and that the output voltage is specified in reference
to ground. Be sure to sketch your current arrow in the direction of conventional flow:

VOUt = _3.7 V O
+12V
T R 4.7kQ
T 2%
a2v /)

Vm O

Ry

vV

3.3kQ

Ips =
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Question 65

Calculate the following parameters for this circuit as shown, given the listed component values, at the
precise moment in time when the Rogowski coil happens to be outputting 230 mV (negative at A and
positive at ground):

R,
VVW
T R, c D,
I line A B A% ’I
D,
Rogowski —Pp|——0 Vout

coil

e R =2k
e Ry =10 k)
Vout =
Ip; =
Ips =
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Question 66

Identify the type of voltage signal expected at the following test points of this operational amplifier
circuit, all measured with respect to ground. Your choices are zero potential, steady DC potential, sinusoidal
signal, triangle-wave signal, sawtooth-wave signal, or pulse or square-wave signal:

C R,
I A
= v
A
~ > .
——0
+
L

e Test point A =
e Test point B =

e Test point C =

Question 67

Determine the voltages at this circuit’s output terminals (each with respect to ground) assuming the
ground-referenced voltage applied to its input terminal is —4 Volts, and that the operational amplifier’s
power supply rail voltages are +10 Volts and —10 Volts, respectively:

5kQ 5kQ
Vin C VvV WW T OVoutl
- 5kQ
WW - oVou’(z
Voutl -_ Volts
Vouta = Volts
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Question 68

Determine the applied voltage necessary at the input terminal (with respect to ground) to cause the
operational amplifier’s output voltage to rise at a rate of +10 Volts per second, assuming the operational
amplifier’s power supply rail voltages are +14 Volts and —14 Volts, respectively:

22kQ 10 uF
Vin: VVYV H

VOU'[

Vin = Volts

Question 69

Determine the applied rate-of-change of voltage necessary at the input terminal (with respect to ground)
to cause the operational amplifier’s output voltage to be +30 milliVolts, assuming the operational amplifier’s
power supply rail voltages are +15 Volts and —15 Volts, respectively:

0.33 pF 4.7kQ
Vip o—| Y

VOUt

Vin = Volts/second
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Question 70

The following voltage regulator circuit has a problem. There is no DC voltage at all between the +V
and Ground output terminals. A voltage measurement across C; shows it to be dropping 16.9 Volts:

Power plug
N

Fuse

Switch

/1

C,

Ds

L)

o +V

CZ/_T_\

o Gnd

Identify the likelihood of each specified fault. Consider each fault one at a time (i.e. no coincidental
faults), determining whether or not each fault is compatible with all measurements and symptoms in this

system.

Fault

Possible

Impossible

Blown fuse

(5 failed open

Ry failed open

R failed shorted

U, failed with low output
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Question 71

Determine the logic states of the four lettered outputs in this combinational gate circuit, given the input
switch states shown in the diagram:

VCC

) Dc D A
T
ﬁ C

D

|}_L/L|_|

<
Q
O

I

Place one check-mark in each row of the table, identifying the state of each output line:

Output High Low

S| Q| |

50



Question 72

Sketch a latch or flip-flop as appropriate into this diagram to complete this circuit, the purpose of
which is to start or stop a motor each time the pushbutton switch is pressed (i.e. with each press of the
pushbutton, the motor changes state). The motor should run when the latch/flip-flop is set and stop when
the latch/flip-flop is reset. Feel free to add other components (e.g. logic gates, transistors, resistors, diodes,
etc.) if you deem them necessary, and be sure to include proper power-supply pin connections to all logic

ICs:

Voo

Start/Stop
1

60 VDC

o1



Question 73

Identify where in this diagram the flip-flop fails to follow the D input’s state due to inadequate set-up
time:

_b
<

Question 74

A PWM signal generator module happens to be limited to sinking and sourcing no more than 200 mA
of current to any load directly connected to its output. Determine the necessary ( value for any power

transistor connected as shown between the PWM signal generator and the load, assuming the load passes
1.8 Amperes of current when energized:

+60 V
+10V Load
PWM signal
generator
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Question 75

Sketch wire connections to the pins of this 74HC161 counter IC to make it divide an input frequency
by five, adding any other components as necessary to fulfill this function:

!l\ (1 1 M rmn nm !l\ ]
Vee RCO Q. Qs Qc Qp ENT LOAD
Outputs

svoc (0 74HC161

Preset inputs

Y

= CIR ck 'a B C D' ENP Gnd
L] LT LI O O i
Input -
signal

This counter IC’s active-low clear function is asynchronous, and its active-low load (preset) function is
synchronous. The RCO terminal is a “ripple carry output” which goes to a high state when the counter
reaches its maximum count value of fifteen (0b1111).

Note: there is more than one correct solution!
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Question 76

The following logic circuit has a problem, as indicated by the timing diagram. Both switches are in the
positions shown in the schematic diagram (Switch 1 closed, Switch 2 open):

Vad Vad
J U, Q =B J
A C> S C>
- Clr OQ_ >
. &
! E
Switch 1

Switch 2 j

Vdd

V

Clr

F

Identify the likelihood of each specified fault. Consider each fault one at a time (i.e. no coincidental
faults), determining whether or not each fault is compatible with all measurements and symptoms in this

system.

Fault

Possible

Impossible

U; frozen in “set” state

Us frozen in “reset” state

Us frozen in “set” state

U, output failed high

U, output failed low

Switch 1 failed open

Switch 2 failed shorted
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Question 77

Suppose we have an Allen-Bradley model “SLC 500” PLC connected to three pushbutton switches and
two lamps as shown in this illustration:

Slot 0 Slot 1 Slot 2 Slot 3

(processor)  (discrete input)  (unused) (discrete output)

Power
supply

N
120 VAC —
power

@ Gnd

Switch A
1

Switch B
1

Switch C

Ll

Examine the following relay ladder logic (RLL) program for this Allen-Bradley PLC, determining the
statuses of the two lamps provided switches A and B are pressed, and switch C is unpressed:

I:1 I:1 G3
| /| | /| (N
I/I I/I \ /
5 3 2
I:1
||
0 No status highlighting shown!
I:1 I:1 G3
| /| | | (N
I/I | \ /
3 5 6
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Question 78

Determine the status of the two lamps connected to this PLC, the bit states (either 1 or 0) for each
of the connected inputs, and the color-highlighting of each element of the ladder-logic program inside the
running PLC.

120 VAC "line" power

% —Q Red |
@ox1 G % 0@4@_‘
[ . - o @oxz Y2 O@
E Trips @ 230 °F .
@oXx3 Y30@ reen
) PLC
& Trips @ 60 inches DoX4 Y4 0@4@7
@oX5 Y50@
TN @oX6 \_‘ Y6 0@
Trips @ 45 GPM Programming
®Oommn Sour ce @

N\

X2 X4 X6

Personal
computer
display

(Ladder Diagram program)

Y1
O

X4 X6 Y4
O

No status highlighting shown!

Assume the following process conditions sensed by the switches:

e Temperature = 190 °F
e Liquid level = 71 inches
e Liquid flow = 60 GPM

Bit X2 will be: (1 or 0)

Bit X4 will be: (1 or 0)

Bit X6 will be: (1 or 0)

The red lamp will be: (on or off)

The green lamp will be: (on or off)

Show color highlighting of the PLC program elements too!
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Question 79

Complete the timing diagram below, assuming all outputs begin in their “low” states and that the shift
register’s reset function is synchronous:

ITI
-
®

D

| s
I

| s
70

IRST TRST TRST RST
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Question 80

If two conductors must be in close proximity to one another, which arrangement will result in the least
amount of capacitive coupling between the two?

A

e S

o8
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Answer 1

Resistor color code = Orange, White, Brown, Gold = 390 2

P =1.6026 W
I = 64.103 mA
Answer 2

Green - White - Red - Gold

e Nominal (ideal) value = 5,900 Ohms
e Lowest tolerable value = 5,605 Ohms
e Highest tolerable value = 6,195 Ohms

Blue - Red - Black - Silver

e Nominal (ideal) value = 62 Ohms
e Lowest tolerable value = 55.8 Ohms
e Highest tolerable value = 68.2 Ohms

Answer 3

Note: allow for + 10% tolerance on all answers (= 10° on phase) to account for uncertainties of the
display.

e Channel 1 Vp, = 35 mV

e Channel 2 Vpp_pr = 59 mV
Period = 6.84 ms

Phase shift = 32.6°

Channel 1 lags Channel 2

Answer 4

I = 23.845 mA / 90° 0 + j23.845 mA

V =150.80 V £ 90° 0 + j150.80 V

Answer 5

Distance between Gateway and sensor TT-10 = 47.434 meters

Distance between Gateway and sensor AT-77 = 83.217 meters

Answer 6

(Answer rounded to the nearest minor division)

Meter indication = 120 VAC

Answer 7

Units = 1075 units
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Answer 8

15 kilograms/minute = 0.55115 pounds/second

Answer 9

y=ab’>+3

Answer 10

Ic = 70 mA (any answer between 65 mA and 75 mA is acceptable)

Answer 11
o Ip = 26.21 mA
e P = 8153 W
e [py =76.0 mA

o Vrpsi_1p3 =76V

Answer 12

PRl = 38.36 mW
Vee = —19.77 V — B negative (—) and C positive (+)

Ver polarity = E positive (4) and F negative (—)

Answer 13

Ry = 3111.11 Q
Vpe = —12.1446 V
Vap = 12.1446 V
Ipo = 2.1687 mA
Lsource = 6.0723 mA

Answer 14

Healthy circuit Faulted circuit

Switch i Switch i
prz;v;sced Tlme — > pr\évésced Tlme —>
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Answer 15

Time (seconds) Ve (Volts) E¢ (microJoules)
2.2 3.7133 2688.8
3.5 1.0804 227.63

Qualitative sketch: Vi begins at 30 Volts and decays down to zero; Irp begins at 11.1 mil-
liAmperes and decays to zero.

Answer 16

Time (milliseconds) Vi (Volts) Ep, (milliJoules)
100 6.85879 349.906
250 11.7447 1025.992

Qualitative sketch: V;, begins at 15 Volts and decays to 0 Volts; Iy begins at 0 milliAmperes
and grows to 1.3636 Amperes.

Answer 17

Vibattery = 13.894 Volts
Vieads = 12.517 Volts

Current from left to right through both wires ; current up through the battery.

Answer 18

Thevenin equivalent network

29

% Rload

e Vi, = 18 Volts
[ RTh == 15 kQ

® Vicad = 13.091 V

Answer 19

Connect all components in series; R = 2 k) ; Viyppiy = 17.7 Volts.
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Answer 20

Variables that rise in inverse-exponential fashion
when switch is toggled to the opposite state

Y .
Iglrises
\Y; CD C ;:}Vc rises I (D R l C ;:}VC rises
VB
—4 Time
| rises
v(® L O RS L3 rises
Yh:
!
Vg rises

Answer 21

Vioad(pk) = 161.94 V

I10aq = counter-clockwise through the circuit

Answer 22

Ziotar = 788.157 O / 13.3363°

I;, = 0.0106103 A / —90°

Zo =2411.44 Q / —90°

Ir =18.5185 mA / (0°

Answer 23
Cy = 2.6186 uF

Ziotal @ resonance = high

Answer 24

Tjoaq = 1.80 A Rioaq = 9.444 Q
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Answer 25

e Current through source increases
e Voltage across L decreases
e Voltage across R increases

Answer 26

Viine = 381.1 Volts
Ijine = 1.784 Amperes

Iphase (load) = 1.030 Amperes

Answer 27

Viine = 220 Volts
Ijine = 4.380 Amperes
Iphase (source) = 2.529 Amperes

Answer 28

P = 1.98 horsepower

Answer 29

C =0.01 uF ; R = 5.305 kQ
C =0.022 uF ; R = 2411 kQ

C = 0.0047 uF ; R = 11.288 kQ
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Answer 30

Note: the order of the phasors is arbitrary, but the resultant (shown as a green vector) is not.

Vr = 45.0000 V £ 0°
Vo = 73.6828 V £ —90°
Viotar = 86.3375 V £ —58.5865°

Answer 31

e Sketch proper connections for the red and black test leads
— Red (VQD) to right battery terminal, Black (COM) to left battery terminal
— NOTE: any similar connections parallel to the battery are acceptable

e Show proper setting of the meter’s rotary selector
— Set to DC 'V position

Answer 32

Possible controls to manipulate include the Intensity knob (also the power knob), the Beam Find button
(to locate where the waveform might be displaced), and the Triggering controls (be sure to set to Channel
B, Auto mode).

Answer 33

The “AC/GND/DC” three-position lever switch above the Channel 1 BNC connector.

Answer 34

This is a benchtop digital multimeter (DMM), used for measuring voltage, current, resistance, etc.

Answer 35

Connect the red test probe to test point E and the black probe to point B.

Voltage measurement = 11.96375 Volts
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Answer 36

Connect the probe (tip and ground clip) anywhere that’s in parallel with the capacitor.

Answer 37
ton = 1.8 div tofr = 0.6 div Duty cycle = 75.0% Py, =108 W

Vo = 23.2379 Volts

Answer 38

This curve matches the characteristics of a shorted component, as there is current (vertical) but negligible
voltage (horizontal).

Answer 39
Logic state at test point 1 = high

Logic state at test point 2 = low

Logic state at test point 3 = low

Answer 40

Measuring DC voltage between the BJT’s collector and ground should show a pulsing voltage as the
microcontroller sends pulses from pin P1.6 to control the load.

Answer 41

Fault Possible Impossible
Open wire between A and C
Open wire between B and D
Open wire between D and F
Lamp failed open
Switch failed open Vv
Lamp failed shorted
Switch failed shorted

SISO

Answer 42

Fault Possible Impossible
Resistor R, failed open v
Resistor R, failed open Vv

Capacitor (] failed open
Capacitor Cs failed open
Capacitor (] failed shorted
Capacitor Cy failed shorted

<=
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Answer 43

Fault

Possible

Impossible

Open wire between E and D

R1 failed open

R2 failed open

R3 failed open

<=

R1 failed shorted

R2 failed shorted

<<

R3 failed shorted

Voltage source dead

<

Answer 44
Filter type Healthy circuit Faulted circuit
Low-pass
High-pass v
Band-pass vV
Band-stop
Passes all frequencies
Blocks all frequencies
Answer 45
Fault Possible Impossible
U, output failed low vV
U; output failed high v
Us output failed low Vv
U, output failed high vV
Us output failed low vV
Us output failed high v
Answer 46

Fault

Possible

Impossible

Switch A failed open

v

Switch A failed shorted

Switch B failed open

Switch B failed shorted

Switch C failed open

Switch C failed shorted

CR1 contact failed open

N

CR1 contact failed shorted
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Answer 47

Fault

Possible

Impossible

Pushbutton switch failed open

v

Pushbutton switch failed shorted

v

Motor failed open

Resistor failed open

15 amp fuse blown

<=

0.5 amp fuse blown

Answer 48

This capacitor is failed shorted.

Answer 49

If the left-half of T7’s primary winding fails open, the AC load will not receive a symmetrical AC
waveform it ought to when transistor )1 turns on. The other half-cycle will be normal, but the half-cycle
based on @ passing current will lack power that would normally be delivered through @;. Optocoupler Uy
will still turn on, as will @1, but without a path through the left-half of the transformer’s primary winding
there will be no energy coupled to the transformer during that half-cycle and therefore no energy delivered

to the load during that time.

Answer 50

Component #60 is one of the diodes in the three-phase bridge rectifier used to convert AC into DC for

the alternator’s output.

Credit for schematic:

US Patent 4,959,577 (“Alternating Current Generator”) by Thomas A. Radomski.

Answer 51

With switch closed

Pp = 131.4 mW (assuming negligible Vpg(on))

Iload =113.3 mA

With switch open
PR =0mW

Iload = m

Answer 52

Rpg(on) = 105.98 milliOhms (maximum)
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Answer 53

Ay = 4.667 (unitless ratio)

Ay = 13.38 dB

Answer 54

L; = 35.981 mH

fr=onvic

Answer 55

This is one possible solution:

+3.3V

=2

N\
Vee (+3.3V) Vss +12V
[ i
]P0 P26 ] —
[]PL1 P27
> K7 .
[(lp2 3 TEST[] ~
N .
P38  RsT L
@
dee 8 e 3 \ \
Ors &  PL6[]
[]Pr20 § P25[ ] N _— = — —
P21 P24 >
[]P22 P23[]
Answer 56
Fault Possible Impossible
R3 failed open Vv
R, failed open Vv
Ry failed open Vv
(), failed open Vv
(5 failed open Vv
C, failed shorted Vv
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Answer 57

Two possible solutions, one requiring a resistor and one not requiring a resistor, are shown below. Note
that solutions other than these may be possible!

Answer 58

One possible solution is shown below. Note that a resistor connected between gate and substrate (source)
is necessary to bleed off any stored gate-capacitance charge to reliably turn the MOSFET off, but no resistor
is ever necessary in series with the gate because MOSFET gates draw no current:

AV
A (717)
N
T
Answer 59
[ = must exceed 33.333
Answer 60
Fault Possible Impossible
Start switch failed open Vv
Start switch failed shorted Vv
Stop switch failed open N4
Stop switch failed shorted v
Transistor failed open collector-emitter Vv
R failed open vV
Diode failed shorted Vv

Answer 61

Vres = greater than 4 Volts and less than 8 Volts
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Answer 62

Note: the following schematic shows resistor ratios rather than actual values:

R 9R
VAYAYA VAYAYA
: Vout
Vin - t
Answer 63
Vrpr = +2.0V Vrpes = +2.0V
IRf = 400 /JA Vout = +60 Vv

Answer 64
Irs = 0.4625 mA (arrow pointing upwards)

Answer 65

VA:VB:—230IHV;VC:0V;131:ID1:0MA;IRQZID2:115MA
Vout = 1.15 Volts

Ip1 = 0 microAmperes

Ips = 115 microAmperes

Answer 66
e Test point A = Sawtooth wave
e Test point B = Square wave

e Test point C = Square wave

Answer 67

Vout1 = 0 Volts

Voutza = 44 Volts

Answer 68
Vin = —0.22 Volts

Answer 69

Vin = —19.34 Volts/second
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Answer 70

Fault Possible Impossible
Blown fuse Vv
(5, failed open Vv
R; failed open vV
R; failed shorted Vv
U, failed with low output

Answer 71

Output High

Low
v
v

S| Q|
<<

Answer 72

One possible solution is a JK flip-flop with positive-edge triggering, J and K inputs both connected to
Vpp. The @ output will need to drive the BJT’s base through an optional current-limiting resistor, with
the latch powered by Vpp and Ground.

Answer 73

The problem occurs at the point marked by the red arrow:

T

Here, the Q output should have remained high because the clock pulse occurs after the D input has
already achieved a high state, but instead Q goes low which tells us the D input’s high state wasn’t “set up”
long enough in advance to be successfully “clocked in”.

Answer 74
£ =9 (minimum)
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Answer 75

One solution is to decode for a count value of five (0101) and send an active-low signal to the Clear
input when this condition is met. This decoding may be done using a four-input NAND gate sampling the
Q output lines, with @p and @ p inverted; or it may be as simple as a two-input NAND gate sampling Q¢
and @ 4 and driving the Clear input. This circuit will force the counter to count in the following sequence:
0, 1, 2, 3, 4, 5 immediately clearing when the count of 5 is reached, resulting in five stable steps (0 through
4). The signal sent to the Clear input will have a frequency one-fifth that of the clock input signal.

Another solution is to wire an inverter gate between the RCO (ripple carry output) and the Load input,
and then connect the D through A preset input terminals to 1011, respectively. This will force the counter
to count in the following sequence: 11, 12, 13, 14, 15 which is five distinct steps. Both the RCO signal and
the signal sent to the Load input will have a frequency one-fifth that of the clock input signal.

Answer 76

Fault

Possible

Impossible

Ui frozen in “set” state

Us frozen in “reset” state

Us frozen in “set” state

U, output failed high

U, output failed low

Switch 1 failed open

Switch 2 failed shorted

SN AN

Answer 77
Lamp Y is de-energized.

Lamp Z is de-energized.
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Answer 78

120 VAC "line" power

Ly L,
D— —2 Red
@ox1 G 2ov1 o@%
S = [@°X20 Y20@
Trips @ 230 °F s
@oXx3 Y30@ reen
J . ° .
8 Trips @ 60 inches DoX4 0 0v4 @4@
@oX5 — Y50@
- Q@oX6 1 Y6 0@
-\DT”DS @ 45 GPM Programming
@Corrm)n m Sour ce @
X2 X4 X6 Y1
Personal
display
(Ladder Diagram program) X4 )|(6 Y4
O
X2

Bit X2 will be: 0
Bit X4 will be: 0
Bit X6 will be: 1
The red lamp will be: off

The green lamp will be: off
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Answer 79

| s
I

| s
70

IRST TRST TRST RST

Answer 80

Figure D will result in the least amount of capacitive coupling.
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