IETTI-236 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
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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-236 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
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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-236 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) Select DAC or ADC scaling components for given analog range and count value
(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
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Digital Networking and Computing section — questions 81 through 90

O (Q81) Interpret RS-232 encoded data

(Q82) Sketch serial network wire connections

(Q83) Identifying effects of faults in data network

(Q84) Identifying possible faults in a wireless data network

(Q85) Identifying possible faults in a wired data network

(Q86) Sketch connections to expand addresses or data lines for RAM/ROM ICs
(Q87) Predict outcome of a simple assembly-language program

(Q88) Modify an assembly-language program to fulfill a specified function
(Q89) Calculate electrical parameters in a microcontroller I/O circuit

(Q90) Identifying possible faults in a microcontroller I/O circuit
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IETTI-236 Comprehensive exam

RF section — questions 91 through 100

O (Q91) Calculate gains/losses in RF systems using decibels
Q92) Calculate transmission line length and pulse timing parameters
Q93) Determine how to impedance-match feedlines to RF components
4) Identifying component functions within RF amplifier circuits
5) Identifying signal frequencies within mixer circuits
6) Plot simple RC/RL/LC network impedance values on a Smith chart
7) Plot effects of component changes on a Smith chart
8) Calculate antenna dimensions/frequency
Q99) Identifying signal modulation type from oscillograph or spectrum display
Q100) Identifying effect of fault in radio transmitter or receiver circuit
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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 100-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:

@

Wire ampacity (max.) = 15 Amperes

Ambient (room) temperature = 25 degrees Celsius
Resistor color code = Green, Black, Black, Gold
Source voltage = 120 Volts

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

I =

P =



Question 2

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

Green - Blue - Black - Gold

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

Yellow - Red - Orange - 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 120 Volt RMS AC source with a frequency of 60 Hz connects to a 45 €2 resistor. 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 =
An 80 milliAmpere RMS AC source with a frequency of 900 Hz connects to a 0.47 uF capacitor.

Calculate voltage in this circuit, expressing your answer in either rectangular or polar form, assuming the
source is the phase reference (e.g. Z 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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L[] L[]

T —>| |=— 5meters

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 DC range:

Meter indication =

Question 7

If a transformer outputs 6.3 Volts AC given a 115 Volt AC supply voltage, how much will it output
when given a 125 Volt AC supply voltage?

Vout =

Question 8

Convert the pressure 5 pounds per square foot into ounces per square inch. The following
equivalents are given as a helpful reference, though you may not need to use all of them:

1 foot = 12 inches

1 inch = 2.54 centimeters

1 hour = 60 minutes

1 square foot = 144 square inches
1 pound = 16 ounces



Question 9

Solve for x in this equation:

Question 10

Identify the approximate base current through a bipolar junction transistor necessary to permit a
collector current of 60 mA at a collector-emitter voltage of 9 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 = 4.2 V, R; = 150 Q, Ry = 25 2, and
R3 = 400 Q:

TP1 P2 TP4
¥
v.(D) R, R, R,

TPO TP3 TPS

o Ipy =

o Pr3 =

L4 Itotal -

e Vrpi_Tps =

Question 12

Calculate the necessary value for resistor Rg in this circuit to provide an output voltage (V) of 2.2
Volts:

1|<Q§R1 1|<Q§R2 R4§3.3k9

Rs =

Also, show the polarity of V,,; using “4+” and “—” symbols as well as the direction of current through
resistor R; in this circuit using conventional flow notation.
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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 open in the following circuit:

Switch

Healthy circuit Faulted circuit

Switch i Switch i
prvev;sced Tlme —> pr\évésced Tlme —>

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 following parameters for this circuit, assuming V3 = 12 V, C = 3300 pF, R = 5 k2, and
that the circuit begins with the switch open and with the capacitor completely de-energized (i.e. no stored
charge):

R

TP1 TP2

*r——
TP4 TP3

e Capacitor voltage (Vi) 14 seconds following switch closure =
e Resistor current (Ir) at the moment the switch closes =

e Sketch both the capacitor voltage (Vi) and the resistor voltage (Vi) 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, |

T Time

Switch flips
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Question 16

Calculate the following parameters for this circuit, assuming V3 = 10 V, L = 0.5 H, R = 47 €, and that
the inductor’s current happens to be 150 mA at the time the switch is flipped to the “down” position:

TP1 R

TP2 TP3

.

TP4

e Inductor voltage (V1) 8 milliseconds following switch flip =
e Inductor energy (E7) 15 milliseconds following switch flip =

e Sketch both the resistor current (/) and the inductor voltage (V1) 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

15



Question 17

Determine the circuit parameters listed below in this multi-source circuit. All numerical values as well
as voltage polarities (+,—) and current arrow symbols for the requested voltages and currents must be shown
annotated on the diagram near the specified components. Use conventional flow notation for current arrows.

R,Z20

RO v, ()19V

v, (D)11v

3Q

Voltage across Ro

Current through V;

Current through V5

I; acting as a source or as a load?
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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 1.5 k{2, and that all other resistors in the original
network have equal values of 1 k2 each:

RI oad
VWA

6V

o Vrp =
e Ry =

® Vioad =

Question 19

Design and sketch an unloaded voltage divider circuit that outputs 9 Volts between a pair of terminals,
using a 4.7 k(2 resistor and one more resistor whose value you must specify. Total resistance must be 8 kf2,
and the power supply voltage is chosen by you.
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Question 20

Design and sketch a circuit where a measured current begins at a value of zero, then immediately
jumps to 150 milliAmperes at the moment a switch is toggled, then inverse-exponentially decreases after the
toggling, and eventually decays all the way back to zero again. Be sure to specify where in your circuit this
current will be measured.

Question 21

Calculate RMS line voltage at the generator as well as the direction of load current in this circuit,
assuming the use of standard silicon rectifying diodes and a peak load current of 4.9 Amperes and a load
resistance of 80 Ohms:

A B

Load

Generator

Viine(rMS) =

Lioad = (sketch arrow in the direction of conventional flow)
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Question 22

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

o Viource = 25 Volts RMS

® fsource = 50 Hz
e R=300
e [ =100 mH
e C' =110 uF
Ztotal =
Ic =
Iy =
Isource =

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

Question 23

Choose the necessary value for L; to make this network resonate at a frequency of 1.5 kHz assuming
Ly is 1 mH and C] is 3.3 pF, and determine whether the total impedance at that resonant frequency will
be extremely high or extremely low:

L, =

Ztotar @ resonance = high / low
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Question 24

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

12.6 VAC
{ 40 Q

©

4500 turns ‘ ‘ 600 turns

V;ource = Isource =

Question 25

Predict the effects on the following currents if frequency decreases in a parallel RC network with constant
source voltage:

e Current through source (increases, decreases, or remains the same)
e Current through C' (increases, decreases, or remains the same)
e Current through R (increases, decreases, or remains the same)

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:

[ 3700
VWWA

Load
370Q 370Q

220VAC 220VAC

220VAC

Wine -_ Volts
Ijine = __ Amperes
Iphase (load) -_ Amperes
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Question 27

Calculate the following parameters in this balanced 3-phase power system, assuming a source phase
voltage of 480 VAC and a load phase resistance of 50 Ohms:

480 VAC
2115 Load
50Q 50Q
Source
480 VAC 480 VAC
50 Q

Viime=__ Volts
ljine = Amperes
Iphase (source) = Amperes

Question 28

A 12 horsepower, three-phase electric motor runs on a line voltage of 480 Volts. Calculate the line
current for this motor while operating at its rated power, assuming 100% efficiency and a perfect power
factor (1.0).

Question 29

Design a low-pass filter with a cutoff frequency of 1 kHz, using either a 1 H, 1.5 H, or 2 H inductor.
Sketch the components between the terminals shown below:

T 1
[}

O—:— —E—O
| |
| |

Vin E i Vout

| |
| |

O—:— —:—O
| |
L e o e e o |

Be sure to show all component values within your diagram.
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Question 30

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

® Viource = 32 Volts RMS / 0°
® fsource = 150 Hz

e R=400Q

o C =68 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!).
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Question 31

Show how this digital multimeter should connect to the circuit in order to measure the motor’s voltage,
such that the meter will register a positive quantity, anticipating between 5 Volts and 18 Volts. If you must
break continuity anywhere in the circuit, please mark each broken connection with an “X” symbol:

+
Battery
Resistor
/
Motor

e Sketch proper connections for the red and black test leads
e Show proper setting of the meter’s rotary selector
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Question 32

A technician prepares to use an oscilloscope to display an AC voltage signal. After turning the oscillo-
scope on and connecting the Y input probe to the signal source test points, this display appears:

OSCILLOSCOPE
vertical

R . v

®

S—" DC_GND AC

V/div ——
trigger @
————
timebase

/ \ X

| [ ®

S— DC_GND AC

s/div ——

What appears on the oscilloscope screen is a vertical line that moves slowly from left to right. Which
display control(s) need to be adjusted on the oscilloscope in order to show a full and complete wave cycle on

the screen?

24



Question 33

Identify the front-panel control(s) on this oscilloscope you would use to alter the vertical size of the
displayed waveform for Channel 2:

0 e
step aTIER. OUT: INVEAT

gL . POSITION

BOTH IN: PRECHARGE

CH 2

M0 24pF
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Question 34

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

26



Question 35

Sketch how to connect this digital multimeter (DMM) to measure current passing through point C in
this circuit so that it will register a positive value. If you need to break any existing wire connections to do
so, mark those breaks with “X” symbols.

A
30Q % Amperes
¢B —
y -

230v () 403

103

@]

D

Next, determine how much current this DMM will register when connected between those points, as-
suming the meter has an internal (insertion) resistance of 9 €.

Current measurement = Amperes

Question 36

Identify where an oscilloscope probe could be connected in this circuit to measure the square-wave
signal’s duty cycle:

555
Disch Out —

<
%%% Thresh ot

. Trig

\|
/

Gnd
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Question 37

An oscilloscope measures voltage and current for a resistive load, voltage being measured on channel A
at 5 Volts/div while current is measured on channel B at 1 A/div. The oscilloscope’s timebase is set for 10
us/div. Calculate the average amount of power delivered to this load:

Channel A I
zero — —
HHH H:HH::H HHH HHHHHHAH

Channel B I
zero T > + -

Pa'ug =

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:
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Question 39

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

Vdd
Q le—
Vdd _| N Qs Q; Qo
— — — —
A ’_l S 1 ! ! !
Qs i T ]
— L Q Q Q ¢+ o Out
— 1 %] %] Ol
B ) . . .
A Q — — —
'—
S— =
= —

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

29



Question 40

Determine the SPDT switch position necessary to turn on the LED, and also identify where you would
connect a multimeter (set to measure voltage) to infer the amount of current passing through that LED
(assuming all resistor values are known):

Veo

Output

30



Question 41

Suppose the lamp refuses to light up regardless if the pushbutton switch is pressed or not. A voltmeter
registers 0 Volts between test points A and B in the circuit while the pushbutton is pressed:

RN PR ) A

12 volts

(0.25 amps
current-limited)

Fe . *B
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 Rs when the pushbutton switch is released decays at a more
rapid rate than it should, 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:

Switch I Switch I
pressed 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 R; failed shorted
Inductor L, failed open
Inductor Lo failed open
Inductor L, failed shorted
Inductor L, failed shorted
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Question 43

The following voltage divider circuit has a problem, as it is found to output 0 Volts. The components
are rated as follows:

e /] =12 Volts
e R =5k
e Ry =5kO

A diagnostic test performed using a voltmeter registers 12 Volts between test points A and E.

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:

4115

Vin (V) S v}t

Next, identify the filtering behavior of this same circuit supposing the resistor 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

Yo
B — 1

S e
C

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:

system.

Fault Possible Impossible

U; output failed low
U; output failed high
U, 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 is always off regardless of the switch

states:

Ly

L,

CR1

Ll

A
B

1

O

CR1 C Lamp
| | Y
| T )

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 H and F in this circuit always registers 0 Volts whether the

switch is pressed or not:

15 A fuse E
/'\/ Py
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 4700 puF capacitor initially measures low resistance when tested with an ohmmeter, but the meter’s
resistance reading increases over time until infinite. 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 effects of a failed-open inductor in this boost converter circuit:

Fuse _
— =T
Vsupply CD P— % Rioad
Vowm

Assume the PWM signal’s duty cycle remains constant before and after the fault (i.e. no automatic
adjustment in an attempt to regulate load voltage or current).

e Fuse will blow (yes or no?)

e Load voltage (increase or decrease or unchanged?)
e Supply current (increase or decrease or unchanged?)

Question 50

Identify the purpose of the comparator in this PWM controller schematic:

ERROR -
SIGNAL

P OUTPUT

I * L
AN

Cﬁﬁck TRIANGLE

G AAAF = WAVE

Junr 4+

[
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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

Q

lﬂ)

R

[ .
T/SWmh

AN

G) prply

Question 52

Calculate an appropriate 8 value for the silicon transistor assuming a supply voltage of 18 Volts, an
expected load current of 330 milliAmperes, and a maximum switch current of 12 milliAmperes:

8=

VSUPP'Y CD

| N\
Load Q ﬁ 9
Switch
A

Is your calculated transistor beta ratio a minimum or a maximum to ensure the load receives at least

330 mA of current?
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Question 53
Predict the amount of AC voltage gain that will be exhibited by the following amplifier circuit:

Al

220 kQ 10 kO %

0.47 pF 2N3403 2N3403

o] 4 )
) N 33 pF
27 kQ % {0 Vou

15 kgi 1kQ

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 =
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Question 54

Identify the proper value for both C; and Cs (i.e. both capacitors being equal-valued) to make this
circuit oscillate at 35 kHz, assuming L; = 5 mH.

Ci =0 =

Ry Re
Cs

[|

I

R, Re

Colpitts oscillator

Vout Ly
211%
C G

-

Question 55

Sketch a circuit to interface output port P1.3 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

N4
Voe (#33V) Vg }—J
P10 P26 ] —
[]PL1 =z P27 ]
[]PL2 (-’U) TEST| ] Akt
o
P13 % RST
[]Pr4 N PL7[]
[Jrs &  PL6[]
Cl,zo & Pes[]
S Y
[]P21 P24[]
P22 P23 ]
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Question 56

Suppose the following amplifier circuit produces no sound at the speaker despite the presence of a strong
input signal (as verified by an oscilloscope measurement at TP1). DC voltage measured between TP8 and

ground is within normal limits:

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

Ry failed open

Rg failed open

Q1 failed open C-E

Q- failed open C-E
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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).
&
—<E>+

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

= @ +
_@_



Question 59

Calculate the resistor value 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
transistor’s ( rating is 35:

+5V BV

N

Load
L

Assume the load passes 1 Ampere of current when energized, and that the logic gate is CMOS with the
ability to swing its output terminal voltage fully to the DC “rail” values (i.e. all the way down to 0 Volts
and all the way up to +5 Volts).

R =
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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;..y that will absolutely guarantee the green LED is on and the red LED is off,
assuming R; through R3 are 2.2 k) each, both Ry and Rs are 470 2 each, and all integrated-circuit
components are powered by a single +12 Volt DC source:

+12V
Ry
Green
- R, Z
+
R, 2 1L
2 Red -
| N Rs $r
R; + —

V;"ef =

Question 62

Design a voltage amplifier circuit using an operational amplifier (“opamp”) where the over-all voltage
gain (ratio) is equal to —6:

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!):

5kQ py D kQ tpp O kQ tp3 D kQ
VAVAVA YAYAYA ' YAYAYA VAVAVA
| Ry R, R R,
——o Vo
o} o)
V, =2V V,=+3V
Vrpa = Vrps =
IR4 = Vout =

Question 64

Calculate the input voltage (V;;,) to this opamp circuit (the source of that voltage is not shown), given
the current and resistor values shown. Assume the opamp is capable of “rail-to-rail” output voltage swings,
and that the arrow points in the direction of conventional flow. Be sure to denote whether the input voltage

is a positive or a negative value (with reference to ground):

Vin 4
% 2.2kQ
— N YAY
I
N % 1.5kQ
-12V 1.3mA T
VOUt
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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 =

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
ARA% c I
1

e Test point A =
e Test point B =

e Test point C =
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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 vV WW 1 OVoutl
- 5kQ
WW J OVoutz
Voutl -_ Volts
Vout2 Volts

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: VvV H

Vout

‘/in -_ Volts
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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 —9.5 milliVolts, assuming the operational amplifier’s
power supply rail voltages are +16 Volts and —16 Volts, respectively:

0.33 uF 47KQ
Vin o H VA

VOU'[

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 D5 shows it to be dropping 5.1 Volts which is

the V. enerrating:

Power plug
N

Fuse

Switch

Y
/1

C

Ds

Q

o +V

Cz;l:

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

Cs failed open

R, 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

B

ﬁ\) ) A
i,

D

T
. o
=

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

Output High Low

S| Qf |

o1



Question 72

Sketch a latch or flip-flop as appropriate into this diagram to complete the motor start/stop control
circuit. 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
1

*—e

— 60VDC
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Question 73

The following counter circuit is supposed to increment by one with every press of the pushbutton, but

unfortunately skips counts instead:

VDD

Iqullup%

74HCO04

Voo
SPE
P, P, P, P
VDD 0 1 2 3
PE TC
74HCT163
GND
_Ldqcp
MR Q Q Q Qg

With an oscilloscope connected to measure the inverter gate’s output, capturing a single trace on the
screen with the timebase set for 0.5 milliseconds per division, you see the following pulse when the pushbutton

is pressed once:

1476

1976
Pico Technology wwwpicotechcom

2476 2576 3476

Identify the root cause of the skipped-count problem in this circuit.
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Question 74

Select an appropriate value for resistor Ry to drive 7 into saturation, given the fact that the LM339
comparator is open-collector and therefore can only sink current, and assuming the load should draw 1.1
Amperes of current when the transistor turns on:

+24 V
+9V — v
R, [
VAN ¢
R Load
§ R Vcc RST 2 R4
potl
555 RN
: | R
J* Disch Out pot2 L M339 >
Thresh 1
=26
L . Ctrl Rs P
Trig
C,—/— —_ — = =
' Gnd C,

Ry =

Question 75

Calculate the necessary value for the shunt resistor R to make this 10-bit ADC output a count value of
0x25E given a signal source current of 6.7 Amperes DC. The ADC’s raw (unscaled) input voltage range is 0
to 100 milliVolts, corresponding to a count range of 0x000 to 0x3FF:

laga (1) R% "¢ apc P

o4



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):

Vdd

V

Clr

Vad Vad
J Ul Q B J
A C C
> —>
K Q K
cr [
b E ¢
Switch 1 Switch 2 i
A —
B
C
D
E
=

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

Switch B

Switch C
1

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

[:1 I:1 O3
| | | | ()
I I \ /
3 5 2
[:1 [:1 3
| /| | | (N
I/I | \ o/
3 5 6
I:1 No status highlighting shown!
| /|
I/I
0
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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
Ly L,

% —Q Red |
@ox1 G % 0@4@_‘
»—-gf _ - QDO X2 Y20
Trips @ 230 °F .
@oXx3 Y30@ reen
) \ PLC
ES *Trips @ 60 inches Dox4 Y4 0@4@7
@oX5 Y5 0@
TN Qo X6 \_‘ Y6 0@
Trips @10 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 = 105 °F
e Liquid level = 48 inches
e Liquid flow = 2 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 asynchronous:

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 inductive coupling between the two?

e JUUUU

Question 81

Analyze this RS-232 data frame with expected parameters of 8 data bits, even parity, and 2 stop bits
(8E2), determining the binary value of the data payload and whether or not the parity is correct:

Data = (write in normal binary order, MSB left and LSB right)

Parity = correct or incorrect
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Question 82

Sketch wire connections necessary to allow these two devices to communicate only in simplex fashion,
from device “A” to device “B”:

EIA/TIA-422 EIA/TIA-422
Device "A" Device "B"
TD(B)+|@] [@|TD(B)+
TD(A)- (@] [@|TD(A)-
RD(B)+|@] [@|RD(B)+
RD(A)- (@] [@|RD(A)-
Gnd @ @ Gnd

Question 83
Suppose five devices communicate via Ethernet:

Device #1 = Printer

Device #2 = Personal computer
Device #3 = Internet modem/router
Device #4 = Personal computer
Device #5 = Digital telephone

Describe the consequences in this network of Device #3 losing power:

Describe the consequences in this network of Device #5 losing power:
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Question 84

In this SCADA system, a “master” PLC (MTU) communicates with multiple “slave” PLCs (RTUs) via
radio using Modbus protocol. Each PLC communicates with its radio transceiver via a short RS-232 serial
cable. All RTU radio transceiver units are identical, but the MTU transceiver has a greater power output

(“transmit”) rating than the RTU transceivers:

RS-232

Transceiver
Transceiver

RTU #4

92290200290000
%22 4

p vl
eeo0oo0000e0e0ee

MTU

RTU #5 ]

e.egeecegececaen

000000020000 0

100000

Transceiver

Transceiver

Unfortunately, there is a problem with this system. None of the RTUs are communicating with the
MTU. Upon inspection, you find no blinking LED indicators on any of the RTU radio transceivers, but there

is a blinking “Tx” LED on the MTU’s radio transceiver.

Identify the likelihood of each specified fault for this system. Consider each fault one at a time (i.e. no
coincidental faults), determining whether or not each fault could independently account for all measurements

and symptoms in this SCADA network.

Transceiver

RTU #3

e22222¢22¢00202

RS-232

Transceiver

RTU #1

e2222222¢00202

Fault

Possible Impossible

Damaged antenna on MTU

Damaged antenna on RTU #1

PLC halted (not running) on MTU

Conductor broken inside RS-232 cable on MTU

PLC baud rate set incorrectly on MTU

PLC baud rate set incorrectly on RTU #1

Fresnel zone interference between MTU and RTU #1
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Question 85

In this SCADA network, PL.C 192.168.0. 37 is failing to communicate with PLLC 192.168.0.24. Laptop
192.168.0.3 is able to ping PLC 192.168.0.24, but not PLC 192.168.0.41.

IP address: 192. 168. 0. 45

IP address: 192. 168. 0. 41

IP address: 192. 168.

0.24

Ethernet hub

Laptop PC

Laptop PC

IP address: 192. 168. 0. 3

IP address: 192. 168. 0. 37
IP address: 192. 168. 0. 12

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
Left-hand Ethernet hub failed
Right-hand Ethernet hub failed
PLC 192.168.0.37 failed
PLC 192.168.0.24 failed
Cable failed between Ethernet hubs
Cable failed between PLC 192.168.0.37 and Ethernet hub
Cable failed between PLC 192.168.0.24 and Ethernet hub
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Question 86

Sketch the necessary address and data line connections to form a 16x8 memory array from these two
16x4 static RAM memory ICs located inside the dashed-line box:

T T TTTrTmr e r e mm e 1

I [}

| |

[} [}

| |

[} I

[}

: 16 x 4 RAM |

I
Ao _:_ —1A Do [— _:_ DO
Ay —+ —A D, — ——D,
A, — —A D, —— -—D,
A, —L- — D, |— 4D
I D4
| I Ds
I —cs —+—— Dg
: —rw : D,

| |

[} I

I [}

| |

[} [}

| |

[} I

: 16 x 4 RAM !

I — Dy — I

| —A D, — :

| —A, D, — |

I —A D; f—— |

| |

[} I

I [}

_ | ——1Cs |

RIW — — lew !

I I

| |

[} I

I [}

| |

L o o e |

Feel free to incorporate additional logic circuitry if necessary.

Question 87

Identify the numerical value stored in register R3 after this portion of a MSP430 assembly-language
program executes:

MAIN:
mov #0xC592, R3 ; Moves 0xC592 into register R3
xor #0x0F07, R3 ; Bitwise XOR function with 0xOFO07
mov #0x70D8, R5 ; Moves 0x70D8 into register RS
and #0x3CFO, R5 ; Bitwise AND function with 0x3CFO
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Question 88

The following single-board computer uses a Motorola 6502 microprocessor to control the illumination
status of eight LEDs connected to the output port (memory-mapped to address 0x4000):

Memory Map
6502-based computer Supus OxFFFF
PO of
loGn P2 of
B 0x8000
= 0x4001 INPUT PORT
— - - P6
= CPU o Vo P7 g 0x4000 OUTPUT PORT
€ § 0x3FFF
O
RAM RAM RAM
Gnd P7P6P5SP4P3P2P1PO |nputs
0 0000000 00y 0x0000

Right now this computer’s ROM stores a program to turn one of these LEDs on and off very rapidly:

.ORG $8000 ; Begins program execution at address 0x8000
LDA #3$01 ; Loads Accumulator with the hex value 0x01
LOOP
STA $4000 ; Stores (copies) Accumulator value to output port
EOR #$4000 ; Toggles LSB of Accumulator
JMP LOOP ; Repeats the loop

Modify this program to simply energize the bottom four LEDs (and not energize the upper four), with
no blinking action at all anymore.
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Question 89

This microcontroller drives multiple load devices using pins associated with Port 1:

+5V +5V

MCU P1. B=125
P1.
P1.
P1.
P1.
P1.
P1.

PL.
L - -

Red Lamp
R=430Q

N OO OO M W N BB O
L9

Assuming the output word for port 1 is 0x05, the microcontroller’s output lines are capable of full +5
and 0 Volt output (i.e. swinging rail-to-rail), a forward voltage drop of 1.7 Volts for the red LED, and a
forward voltage drop of 1.8 Volts for the green LED, calculate the following:

e Current through the transistor’s base terminal =
e Proper resistor size to limit current through the green LED to 5 mA when on =
e Power dissipated by the illuminated LED (at 5 mA) =

e Power dissipation of the lamp =
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Question 90

The following microcontroller is programmed to control the illumination of a lamp based on the number
of vehicles counted passing by along a particular road. A pressure-actuated switch installed in the road
(S1) detects the passage of vehicles (one pulse per vehicle) while a pushbutton switch (S2) manually resets
the microcontroller’s internal count back to zero. If this count value exceeds 1500, the lamp is supposed to
energize. Otherwise, the lamp is supposed to remain de-energized.

However, something is wrong in this system because the lamp never illuminates even when many cars
have passed and no one has pressed the reset pushbutton. Output pin P1.4 on the microcontroller consistently
reads “high” using a logic probe.

+24V

oV

MCU P1.

0
N o oA WN PO

L |

~ :

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 S; failed open
Transistor ()1 failed open collector-emitter
Transistor @)- failed open collector-emitter
Fuse F; blown
Transistor ), failed shorted collector-emitter
Transistor ()2 failed shorted collector-emitter
Resistor R3 failed open
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Question 91

A radio transmitter equipped with a high-gain (13.5 dBi) Yagi antenna is able to deliver an RF signal
power of 2.4 microWatts (P, = 2.4 yuW) to a receiver located some distance away. One night, a falling tree
branch damages the Yagi antenna during a fierce wind storm, forcing you to temporarily replace the damaged
antenna with the only one you have on hand: a half-wave whip having a gain of only 6 dBi. Calculate the
new RF signal power level at the receiver, assuming all other factors have remained unchanged (i.e. only
the transmitting antenna is different).

PV‘Q’: =

Question 92

The “step” duration in this pulse waveform (x) is equal to 0.4 microseconds, the velocity factor of the

cable is 0.81, and it has a characteristic impedance of 75 Ohms:

cable

® ®

coarse fine

FUNCTION GENERATOR

Ooodaoad O
1 10 100 1k 10k 100k 1M

W .

output

00
TN N

Volts/Div A
05 92 01

/ éon Position
iom &

D

le}
[}
3
2
>
[}

QE
T

B _Alt Chop
[5] [5]

-] >
oz
3
oz
g

Volts/Div B

. Position

Py
X

Sec/Div

s "
m 250
w0m osu
som oi
h ooz
Pt

o
XY

(]
@ positon

Triggering|  Level
4

E..N
@
]

©
E@

o INVert intensity Focus Beam find

om
DC Gnd AC o

Norm
Auto
single
Reset

[w]A ¢
0|B .
olat  Holdoft
O|Line (]
OIEXt eyt input
AC
[Bl6e
* LF Rej
15'0“ HF Rej

Calculate the cable’s length in meters and in feet:

Length =

meters =

feet

67




Question 93
Suppose a radio operator is using the following “transmatch” network to properly match their antenna

to their transceiver unit, using a SWR meter to monitor standing wave ratio:

Lew McCoy’s "Ultimate Transmatch"

H/ e) Coax output
PR G

_ /|
Coax input from 1
transmitter ?

Lo

If the SWR is 2.3 and decreases to 2.2 when the transmatch network’s inductor value is slightly increased,
should the inductor be further increased or adjusted the other direction for less inductance?

Does this adjustment need to be made while the transceiver is transmitting or while it is receiving?

Also, identify the ideal SWR for a properly-matched feedline system.

Miscellaneous reference formulae:

V;" Zterm - Zline 1+ |F|
=L = teom_“line VSWR =
Vf Zterm + Lline 1-— |F|
Z N, \° v 1
-p = P 1 = - =
7. ( Ns) Velocity factor PR
Vinaz
Zsection = \/ZfeedlineZantenna VSWR = Vo
c=\f ~ 29979 x 10 m/s fr= _
" 2nV/LO
4w D
LP =-20 log ( 2\ ) th(min) = Prw(min) - (Gtotal + Ltotal)

=1/ % 1 inch = 2.54 cm 1 foot = 12 inches
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Question 94

Identify the purpose of the first three listed components and also identify the components responsible
for biasing the push-pull stage of the following RF amplifier circuit:

Vee
Ve
éw sR2 iy »
—{N1 4, Mﬁ%}gfva /o
c2 C1 NETWORK =75~
i@ S

Vg—
[ ] LQ
[ ] 02
[ ] Rl
e Biasing components for push-pull stage

Question 95

List three distinct frequencies that will be present at the output of an ideal mixer circuit (i.e. a mixer
with zero signal “leakage” between its ports and no signal distortion) given the following input signals:

e Input signal A — 2 kHz triangle wave
e Input signal B — 500 Hz sine wave

Note that there may be more than three distinct frequencies present in the output signal’s spectrum,
but that you need only list three of them. Ewvery frequency you list must be correct in order for the answer
to be correct!
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Question 96

Mark a point on the Smith chart below representing the impedance of the network shown at a frequency

of 60 kHz, assuming the chart is normalized to 50 Ohms:

%

H
‘\\\\#ﬁ. NN
ST

% g
My ass=sserii %«%:n..ﬂn_-.%%///////
%__I-&M&_ “ \

Mt
it 7

X

ST
I el
TINRAL

NN\ ’//
_—’%%///I.......E____—f S
IO E

9000
’ 2KKX
O

9
—— SRR
ARSI

0.015 uF
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Question 97

The following Smith chart shows the frequency-sweep analysis for a simple network’s total impedance
(Ztotal):

0.9 1 11
08 12 13 e
0.7 “ 15
0.6
0.5 2
04
3
0.3
4
0.2 5
0.1 10
— o ) < ) © ~ o o
o [=} =] [=} =} =] =} =} o| o + =] N =
01 [10
-0.2 -5
-4
-03
-3
-04

-0.7

14
-08 :
09 1 11 12

Sketch a new curve on the chart showing another impedance analysis over the same frequency sweep
range, assuming a second resistor of the same value as the original resistor has been added in series.
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Question 98

Sketch an illustration of a monopole antenna, and calculate its ideal length in both meters and inches
if designed to resonate at a fundamental frequency of 3.5 GHz.

Length = meters = inches

Question 99

Identify the type of modulation evident in this oscillograph, being as specific as you can (e.g. modulation
format and also whether it is digital or analog):

15 T T T T

T T
‘data.csv’ using 1:2

0.5

-05 | -

15 1 1 1 1 1 1
0 100 200 300 400 500 600 700

72



Question 100

Identify the effect that a failed-shorted capacitor C7 will have on this beacon transmitter’s output to
the antenna:

Power

Antenna
Ry
\Y RST
cc RB%
555
e Rz% Disch Out

6V —
Thresh
S N g
Ti
9 c, RAE X, =
T—=—T] [ T"

Be sure to explain why the fault has the effect that it does!
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Answer 1

Resistor color code = Green, Black, Black, Gold = 50 €2

I=24A
P =288 W
Answer 2

Green - Blue - Black - Gold

e Nominal (ideal) value = 56 Ohms
e Lowest tolerable value = 53.2 Ohms
e Highest tolerable value = 58.8 Ohms

Yellow - Red - Orange - Silver

e Nominal (ideal) value = 42,000 Ohms
e Lowest tolerable value = 37,800 Ohms
e Highest tolerable value = 46,200 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 =2.6667 A £ 0° 2.6667 mA + j0 mA

V =30.100 V £ —90° 0 —j30.100 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 = 140 VDC

Answer 7

Vour = 6.8478 VAC
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Answer 8

5 pounds/square foot = 0.5556 ounces/square inch

Answer 9

Answer 10

I = 0.25 mA (any answer between 0.225 mA and 0.275 mA is acceptable)

Answer 11
e [py =168.0 mA
e Pps =44.1 mW
o [iotar = 206.5 mA

e Vrpi 17p5s =42V

Answer 12

R3 =1.072 k)

Vout is + on the right and — on the left, with R;’s current flowing upward toward the — terminal
of the source.

Answer 13

R3 = 3111.11 Q
Vbc = —12.1446 V
Vap = 12.1446 V
Lsource = 6.0723 mA

Answer 14

Healthy circuit Faulted circuit

I
Switch i Switch i
prvevésced Time — pr\gésced Time —
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Answer 15
e Vo 14 seconds following switch closure = 6.863 V
e [ at the moment the switch closes = 2.40 mA

e Qualitative sketch: V- begins at zero and grows to 12 Volts; Vi begins at 12 Volts and decays
to zero.

Answer 16
e U 8 milliseconds following switch flip = 3.3235 V
e Fp 15 milliseconds following switch flip = 335.28 uJ

e Qualitative sketch: I begins at 150 milliAmperes and decays to zero; V;, begins at 7.05 Volts
and also decays to zero.

Answer 17

Voltage across Ry = 30 Volts + bottom and — top
Current through V3 = 15 Amperes up

Current through V5 = 19 Amperes down

I, acting as a load

Answer 18

Thevenin equivalent network

O

% RIoad

e Vrp, = 3 Volts
L] RTh = 2.5 kQ

® Vipad = 1.125'V

Answer 19

The other resistor must be 3.3 k). Either a 15.319 Volt power supply with the 9 Volt output measured
across the 4.7 k) resistor, or a 21.818 Volt power supply with the 9 Volt output measured across the 3.3 k)
resistor.

7



Answer 20

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

e
—>
| falls

v(® c== O RS C==|lcfalls

— Time '
| o falls

v(®) L }VLfaIIs 10 RS| L }Vfalls

R
w5 : :

Answer 21

Viine(rms) = 278.1758 V.

I10aq = down through load

Answer 22

Ziotal = 29.9001 Q / —4.67615°

Ic = 0.863938 A / 90°

I, = 0.795775 A / —90°

Lource = 0.836116 A / 4.67615°

Answer 23

L, = 2.4115 mH

Ztotal @ resonance = m

Answer 24
Vsource =945V Isource = 42.0 mA

Answer 25
e Current through source decreases

e Current through C' decreases
e Current through R remains the same
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Answer 26

Wine - @ Volts
Iline - m Amperes
Iphase (load) = 1.030 Amperes

Answer 27

Viine = 480 Volts
Ijine = 5.543 Amperes
Iphase (source) = 3.2 Amperes

Answer 28

Tjine = 10.77 Amperes

Answer 29

L=1H; R =6.283 k2
L=15H; R =09425kQ

L=2H; R =12.566 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.

SIC

Vr =298121 V £ 21.31°
Vo =11.6293 V £ —68.69°
Viotar = 32V £ 0°

Answer 31

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

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

Answer 32

The “timebase” control needs to be adjusted for fewer seconds per division.

Answer 33

The “VOLTS/DIV CH 2” knob.

Answer 34

This is a three-output DC power supply with two adjustable outputs and one fixed (5 Volt) output. A
practical application for this instrument is providing DC power to energize any number of different electronics
projects.

Answer 35

Break the circuit at test point C, then connect the red probe to the top of that break and the black
probe to the bottom of that break.

Current measurement = 5.22727 Amperes
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Answer 36

Connect the probe to the 555 timer’s Output terminal and the ground clip to ground.

Answer 37

ton = 1.4 div tors = 0.8 div Duty cycle = 63.64% Py, = 16.0 W
Vpr = 5 Volts peak I, = 3.2 Amperes peak

Pyyg = 10.18 Watts

Answer 38

This curve matches the characteristics of a healthy inductor, the oval shape resulting from the inductor’s
(typically) substantial resistance. It could also be a capacitor with exceptionally high equivalent series
resistance (ESR).

Answer 39
Logic state at test point 1 = high

Logic state at test point 3 = high

Logic state at output = low

Answer 40

The switch will need to be in the down position (as drawn) to energize the LED. Measure voltage across
the resistor in series with the LED, then divide that voltage value by the resistor’s resistance value to obtain
current (I = %).

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
Lamp failed shorted

Switch failed shorted Vv

<SS

Answer 42

Fault Possible Impossible
Resistor R, failed open
Resistor R; failed shorted
Inductor L, failed open
Inductor Lo failed open
Inductor L failed shorted
Inductor Lo failed shorted

<=

<
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Answer 43

Fault

Possible

Impossible

Open wire between E and D

v

R1 failed open

Vv

R2 failed open

v

R3 failed open

R1 failed shorted

R2 failed shorted

R3 failed shorted

Voltage source dead

< S

Answer 44

Filter type

Healthy circuit

Faulted circuit

Low-pass

Vv

High-pass

Band-pass

Band-stop

Passes all frequencies

Blocks all frequencies

Answer 45

Fault

Possible

Impossible

U7 output failed low

v

U; output failed high

Us output failed low

U, output failed high

Us output failed low

7
v

U; output failed high

Answer 46

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

IS
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Answer 47

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

Answer 48

This capacitor is healthy.

Answer 49

e Fuse will blow (no)
e Load voltage (decrease)
e Supply current (decrease)

Answer 50

The comparator is the triangular component in the upper-right corner of the schematic, connected to the
output terminal. It compares the triangle-wave voltage signal against the “Error” voltage signal to generate
a pulse output with modulated pulse width (PWM).

Credit for schematic:

US Patent 5,973,368 (“Monolithic Class D Amplifier”) by Lawrence G. Pearce and Donald F. Hemmenway.

Answer 51
With switch closed
Pp = 131.4 mW (assuming negligible Vpg(on))

Iload =113.3 mA

With switch open
PR =0mW

Ilaad = m

Answer 52

B = 26.5 (minimum)

83



Answer 53

Ay = 6.667 (unitless ratio)

Ay =16.478 dB

Answer 54
f = 1
" onVIC
Cl = CQ = 8.271 nF
Answer 55
This is one possible solution:
+3.3V
LE )
Ve (#3.3V) Vss }_Al +12V
P10 P26 ] —
[]PL1 =z P27 ] ‘ ‘
[]PL2 (-’U) TEST| ] Akt |
_h _ a
—{ P13 & RsT g L
@
[]Pr4 N PL7[]
[Jrs &  PL6[]
) % P25[] - - -
S ¥
[]P21 P24[]
[|Pr22 P23[]
Answer 56
Fault Possible Impossible
R3 failed open v
R, failed open v
Ry failed open vV
Rg failed open vV
@21 failed open C-E Vv
Q)2 failed open C-E
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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!

2= (2]

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:

Answer 58

711 :

®

Answer 59

Ip = 537 = 27.778 milliAmperes Vg =5—-0.7 =43 Volts ~ R= ¥ = ;32— = 154.8 Ohms

R = less than 154.8 Ohms

Answer 60
Fault Possible Impossible
Start switch failed open Vv
Start switch failed shorted N4
Stop switch failed open v
Stop switch failed shorted N4
Transistor failed open collector-emitter Vv
R, failed open Vv
Diode failed shorted vV

Answer 61

Vies = greater than 8 Volts and less than 12 Volts
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Answer 62

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

R 6R
V,,0——M Y

\ out

Answer 63

Vrps = —4V Vrps =+3V

Ip, = 1.4 mA Vour = +10V
Answer 64

Vin = —2.86 V

Answer 65

VA:VB=—23OIHV;VC:0V;IRl:[DlzouA;IRQZID2:115/LA
Vout = 1.15 Volts

Ip1 = 0 microAmperes

Ips = 115 microAmperes

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

e Test point C = Zero potential

Answer 67
Vout1 = 0 Volts

Voutz = +4 Volts

Answer 68

Vin, = —0.22 Volts

Answer 69
Vin = 4+6.125 Volts/second
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Answer 70

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

<=

Answer 71

Output High

Low
v
v
v

S| Q|

Answer 72

One possible solution is an SR latch with active-high inputs, S=Start and R=Stop, the Q output driving
the MOSFET’s gate directly (no resistor required), with the latch powered by Vpp and Ground.

Answer 73

The root cause is switch bounce, when the pushbutton switch’s metallic contacts “bounce” off of each
other when pressed rather than making one clean off-to-on transition.

Answer 74
8= % Ip =42.31 mA

R, = 196.18 O (maximum)

Answer 75

0x25E equates to 59.238% of the 0-100 mVDC converter range, or 59.238 milliVolts. This requires R to
have a value of 8.841 milliOhms.

Answer 76
Fault Possible Impossible
U; frozen in “set” state Vv
U; frozen in “reset” state vV

Us frozen in “set” state
U, output failed high
U, output failed low
Switch 1 failed open

Switch 2 failed shorted

AN
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Answer 77

Lamp Y is de-energized.

Lamp Z is de-energized.

Answer 78

120 VAC "line" power

L, L,
Y —Q Red
AT —1@oxX2 1 Y20
Trips @ 230 °F 5
@oXx3 Y300 reen
) \ PLC
: )~ Trips @ 60 inches @ox4 0 1Y4 0@4@7
@oX5 Y50Q
—kﬁTrips@lo GPM ©@0oX6 0 Y6 0@
@mmn Programming Sour ce @
X2 X4 X6 Y1
Personal
computer | — S To o
display

(Ladder Diagram program)

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

The green lamp will be: on

X6 Y4

e

X4
|
|
X2
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Answer 79

| s
I

| s
70

IRST TRST TRST RST

Answer 80

Figure B will result in the least amount of inductive coupling.
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Answer 81

o(1(j0j1|j01 1 1 1

|Start| Do | D, | D, | Ds | D, | Ds | De | D, |Parity|Stop |Stop|
(LSB) (MSB)

Data = 1110 1010 (write in normal binary order, MSB left and LSB right)

Parity = correct

Answer 82

EIA/TIA-422 EIA/TIA-422
Device "A" Device "B"

TD(B)+|@ [@|TD(B)+
TD(A)- |@ [@|TD(A)-
RD(B)+|@)] [@|RD(B)+
RD(A)- [@] [@|RD(A)-
Gnd @\U U @ Gnd

The shield and its connection to ground is optional, but it is important that only simplex communication
be allowed (to adhere to the condition stated by the question).

Answer 83

Describe the consequences in this network of Device #3 losing power:
All other devices would lose communication with the outside world, but could still communicate with
each other assuming there was still an active hub (switch) tying them together. If the router performs this

hub/switch function and it completely dies, then all devices lose communication with all others (and with the
outside world).

Describe the consequences in this network of Device #5 losing power:

Cannot make or receive phone calls, but all the other devices may still communicate with each other and
with the outside world!
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Answer 84

Fault Possible Impossible
Damaged antenna on MTU Vv
Damaged antenna on RTU #1

PLC halted (not running) on MTU
Conductor broken inside RS-232 cable on MTU
PLC baud rate set incorrectly on MTU Vv

PLC baud rate set incorrectly on RTU #1
Fresnel zone interference between MTU and RTU #1

R

Answer 85

Fault Possible Impossible
Left-hand Ethernet hub failed Vv
Right-hand Ethernet hub failed
PLC 192.168.0.37 failed
PLC 192.168.0.24 failed
Cable failed between Ethernet hubs Vv
Cable failed between PLC 192.168.0.37 and Ethernet hub
Cable failed between PLC 192.168.0.24 and Ethernet hub

SN AN

Answer 86

Parallel address lines Ay through As, parallel the read/write lines, tie both chip select lines low (or
parallel them to create one external chip select line for the whole array), and let data lines Do through Dj
of one IC be the Dy through D3 of the array while letting lines Dy through D3 of the other IC be the Dy
through D~ lines of the array.

Answer 87
Register R3 = 0xCA95

Answer 88

.ORG $8000 ; Begins program execution at address 0x8000
LDA #$FO ; Loads Accumulator with the hex value O0xFO
STA $4000 ; Stores (copies) Accumulator value to output port

The old loop could be maintained, although that is not necessary anymore since there is no need for
any blinking action.

Answer 89

e Current through the transistor’s base terminal = 79.365 yA

e Proper resistor size to limit current through the green LED to 5 mA when on = 640
e Power dissipated by the illuminated LED (at 5 mA) = 9 mW

e Power dissipation of the lamp = 43 mW
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Answer 90

Fault Possible Impossible
Switch S; failed open vV
Transistor Q1 failed open collector-emitter v
Transistor Q5 failed open collector-emitter vV

Fuse F; blown
Transistor (01 failed shorted collector-emitter
Transistor )2 failed shorted collector-emitter
Resistor R3 failed open v

<=

Answer 91
P,., = 0.4268 microWatts = 426.8 nanoWatts = —33.698 dBm

6 dBi — 13.5 dBi= —-7.5 dB
10775/10 = 0.17782794100 times as much power as was received before

(0.17782794100)(2.4 pW) = 0.42678705841 W

Answer 92
Length = 48.566 meters = 159.34 feet

Answer 93

The inductor’s value should be further increased.
This adjustment needs to be made while the transmitter is transmitting.

The ideal SWR value for any operating RF system is one.

Answer 94

Ly is an RF choke supplying +DC power to the first stage common-base amplifier

Cy is a coupling capacitor through which output signal from the first (common-base) stage drives the
second (push-pull) stage

Ry is a biasing resistor for the MOSFET stage

Biasing components for push-pull stage resistors Re and R3

Credit for schematic diagram:

US Patent 6,816,016 (“High-Efficiency Modulating RF Amplifier”) by Wendell B. Sandler, Ronald A. Meck,
and Earl McCune.
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Answer 95

Just some of the frequencies present in the output signal spectrum (only considering the first three
harmonics of signal A):

e 1.5 kHz = 2 kHz — 500 Hz
e 2.5 kHz = 2 kHz + 500 Hz

5.5 kHz = 6 kHz — 500 Hz
e 6.5 kHz = 6 kHz + 500 Hz

9.5 kHz = 10 kHz — 500 Hz
e 10.5 kHz = 10 kHz + 500 Hz

Note: if the student assumes “triangle wave” for signal A means a sawtooth wave which contains both
odd and even harmonics, then we have more possibilities for mixer products:

e 3.5 kHz = 4 kHz — 500 Hz
e 4.5 kHz = 4 kHz + 500 Hz

7.5 kHz = 8 kHz — 500 Hz
e 8.5 kHz = 8 kHz + 500 Hz

11.5 kHz = 12 kHz — 500 Hz
e 12.5 kHz = 12 kHz + 500 Hz
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Answer 96

0+ j47.913 Ohms

Z

(50 Ohms)(0 + 50.95827)

Z:
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Answer 97

The modified-network frequency sweep is shown in red:

0.9 1 11
08 12 .4 »
0.7 o 15
0.6
0.5
0.4
03
0.2
0.1
— o~ ™ < 0 © ~ o o
o (=} (=] (=} (=] (=] (=} (=} (=] (=]
-0.1
-0.2
-0.3
-3
-04
-05 -2
-0.6
07 4 15
-0.8

-0.9
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Answer 98

Calculations based on the assumption of the antenna operating at the fundamental frequency (antenna
length = %), the speed of light being 2.9979 x 10® meters per second, and there being exactly 2.54 centimeters
to 1 inch.

"Quarter-wave" monopole antenna "Quarter-wave" monopole antenna
operating in transmission mode operating in reception mode
T C T
N4 A=+ N4
AC power AC signal

receiver
source (e.9. RF voltmeter)

Length = 0.021414 meters = 0.84305 inches

Answer 99

This is analog frequency modulation or analog phase modulation, as it is impossible to differ-
entiate the two from an oscillograph.

Answer 100

The 555 timer will not oscillate, and its output pin (3) will be in a high state all the time. The transmitter
will output a continuous carrier wave signal, but there will be no audio modulation and therefore no “tone”
sent to the antenna.
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