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PC CARD

BASIC ELECTRONICS

MODEL 1401 DC CIRCUITS

1100 - INTRODUCTION TO CAl ...coiiiieiiiriceeierisseressssssesssssssesssssssssssssssssssssssessssssnsssssssnsesssssnsenssssnenssssnnens --
*  Learn how the mouse is used in a CAl lesson.
Learn how the keyboard is used in a CAl lesson.
Identify lesson page types.
Become familiar with lesson structure.
1101 - SAFETY PRACTICES ........cooiiieierrcrrresceessssss e s s s s e e s s s e e e s s ms s es s ms e s e s smn e e e s smne e esssnmenessanensssssnnens --
Understand the nature of electric shock.
Understand the effects of electric shock.
Know how to prevent electrical hazards.
Know how to provide treatment for electrical shock.
Know how to work on an energized circuit.
Know how to suppress fires.
Recognize safety colors.
Follow hand and power tool precautions.
102 - TRAINING EQUIPMENT FAMILIARIZATION ....coooiicoeeiiccmeessssnnee s s ssme s sssssme e sssssms e sssssmsesssssmnenssssnnens 2
Identify the power requirements for the training hardware.
Identify the test console controls, switches, and indicators.
Identify an experiment card and practice installing/removing it.
Practice making power supply voltage and current selections.
103 - METRIC NOTATION ... mr e s s s s sme e a e e s e e e s e s mn e s e mmn e e e s mne s --
Convert between decimal and powers of ten.
Convert between decimal and metric prefixes.
Adding, subtracting, multiplying and dividing powers of ten and metric prefixes.
104 - VOLTAGE AND CURRENT .......coiiiiicitiniicmtes s ssne s sssssss s s s s ssne s s s ssne s s ssssne s essssna e ssssnmesnssssmenssssnnensssnnnens --
Describe atomic structure and define electric charge as it relates to electrons and protons.
Describe the law of electrostatic force.
Define voltage and the volt as the unit of measure.
Define the relationship between voltage and potential difference.
Identify the six methods of producing voltage.
Define current and the ampere as the unit of measure.
Describe a conductor and an insulator and the behavior of electrons in an insulator.
Identify the three basic elements of an electrical circuit.
Describe an electrical circuit load and resulting current flow.
105 - RESISTORS .......oeiiiiicceii it s rscsr e ssssss e e sesssse e s s s ns e s as s ns e e sasnn e e e e s snn s e easssnnesanssnnenansnnnnas 1A (Optional)
Identify the purpose of a resistor.
Identify the unit of resistance as the ohm.
Identify the resistor reference designator code.
Identify the resistor schematic symbol.
Identify fixed and variable resistor types.
Define a resistors power rating.
Define the tolerance of a resistor.
Identify a resistor's number and letter code.
106 - SWITCHES, FUSES AND CIRCUIT BREAKERS. ........... it --
Identify the purpose of a switch and its schematic diagram.
Describe a single and double pole switch.
Describe a single and double throw switch.
Describe four types of switches and their schematic diagrams.
Identify the purpose of a circuit protection device.
Identify a fuse and circuit breaker and their schematic symbols.

*

*

*
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1107 — TOOLS FOR ELECTRONIC TROUBLESHOOTING

*

*

*

¢ 1108 — SCHEMATIC DIAGRAMS

*

*

1201 —- MAGNETISM, RELAYS AND METERS

L T B ™ YN N S G R R S T N G N S T R e G R S T S S G D I S G T N e G S T

202 - INTRODUCTION TO MULTIMETERS

203 - MULTIMETER USE

204 - VOLTAGE MEASUREMENTS

205 - CURRENT MEASUREMENTS

206 - RESISTANCE MEASUREMENTS

301 - OHM'S LAW AND POWER

MODEL 1401 DC CIRCUITS continued

Identify the basic hand tools used for troubleshooting and repair.
Describe the types of tasks performed with each tool.
Describe the safe and proper use of hand tools.

Understand the purpose of a schematic diagram.
Understand general concepts concerning schematic diagrams.

Define magnetism and the characteristics of a magnet.
Define the laws of magnetic attraction and repulsion.
Describe the properties of magnetic lines of force.

Identify magnetic and non-magnetic materials.

Define electromagnetism and their characteristics.
Operation of a relay, magnetic circuit breaker, and a meter.

Identify the quantities measured by multimeters.
Identify the two multimeter displays.

Describe the functional sections of a multimeter.
Describe the purpose of each functional section.

Understand how to operate a digital multimeter.
Understand how to operate an analog multimeter.
Operate a digital multimeter.

Operate an analog multimeter.

Describe how to set up a digital multimeter to measure voltage.

Understand how to read a digital multimeter's display when measuring voltage.
Describe how to set up an analog multimeter to measure voltage.

Understand how to read an analog multimeter's display when measuring voltage.

Describe the correct way to connect a multimeter to a circuit for measuring voltage.

Perform voltage measurements with a multimeter.

Describe how to set up a digital multimeter to measure current.

Describe how to read a digital multimeter's display when measuring current.
Describe how to set up an analog multimeter to measure current.

Describe how to read an analog multimeter's display when measuring current.

Describe the correct way to connect a multimeter to a circuit for measuring current.

Identify the precautions to observe when making current measurements.
Perform current measurements with a multimeter.

Describe how to set up a digital multimeter to measure resistance.
Understand how to read a digital multimeter's display when measuring resistance.
Describe how to set up an analog multimeter to measure resistance.

Understand how to read an analog multimeter's display when measuring resistance.
Describe the correct way to connect a multimeter to a circuit for measuring resistance.

Identify the precautions to observe when making resistance measurements.
Perform resistance measurements with a multimeter.

Learn Ohm's Law and how voltage, current, and resistance are related.

PC CARD

......... 1A or 4A

Learn the definition of power and how voltage, current and Ohm's Law are related to power.

Prove, by experimentation, the Ohm's Law relationship of voltage, current, and resistance.
302 - SERIES CIRCUITS

Identify a series circuit.

Calculate total resistance and current in a series circuit.
Calculate voltage drops across resistors.

Measure current and voltage drops in a series circuit.



PC CARD
MODEL 1401 DC CIRCUITS continued

1303 - SERIES CIRCUIT TROUBLESHOOTING THEORY .....ccccciiiiiiririr s ssss s s ms s s --
*  Learn alogical troubleshooting procedure.
Determine if an operating series circuit is faulty.
Identify an open, short, and changed value resistor in an operating series circuit.
1304 - SERIES CIRCUIT TROUBLESHOOTING EXPERIMENT ........cccoiiiimmnirinnrsssesssssssssn s ssssesans 6A
*  Determine if a series circuit is open and which component is faulty.
*  Determine if a series circuit has a short and which component is faulty.
*  Determine if a series circuit has a changed valued component and which component has
changed.

*

*

¢ 1305 - SERIES CIRCUIT TROUBLESHOOTING PRACTICE ........oovoiiiiirnemnen s sseeans 6A

*

Troubleshoot a series circuit and identify if it is faulty.
Identify a faulted circuit as being open, shorted or changed value.
Identify the component most likely to be faulty.
1306 PARALLEL CIRCUITS ... cciiiiicetisiscnse s sssssssesssssss s sssssss e ssssss e s sssansssssssssessassnssesssssnsenssssnsessssnnennans 8A
Identify a parallel circuit.
Learn that the applied voltage is the same across each branch.
Calculate the current in each branch of a parallel circuit.
Calculate total current from the sum of the individual branch currents.
Calculate total resistance.
Measure the applied voltage across each parallel circuit branch.
Measure current through each branch of a parallel circuit.
Measure total resistance in a parallel circuit.
307 - PARALLEL CIRCUIT TROUBLESHOOTING THEORY .......iiiiiiirinnerr e e s s ssses e --
Determine if an operating parallel circuit is faulty.
Identify an open, short, and changed value resistor in an operating parallel circuit.

*

*

* * * * * * * * *

¢ 1308 - PARALLEL CIRCUIT TROUBLESHOOTING EXPERIMENT .......ccciimiimimninemnennnse s 8A

*

Determine if a parallel circuit is open and which component is faulty.

Determine if a parallel circuit has a short and which component is faulty.

Determine if a parallel circuit has a changed valued component and which component
has changed.

*

*

¢ 1309 - PARALLEL CIRCUIT TROUBLESHOOTING PRACTICE ........ccciiirierinnee s ssn s 8A

*

Troubleshoot a parallel circuit and identify if it is faulty.
Identify a faulted circuit as being open, shorted or changed value.
Identify the component most likely to be faulty.
1310 SERIES-PARALLEL CIRCUITS ... ircrersrssme s s ssssme e s s sme e s s sms e s s e s smne e s smme s nssssmennnssnnnes 9A
Identify a series-parallel circuit.
Calculate total resistance.
Calculate current in a series-parallel circuit.
Calculate voltage drops in a series-parallel circuit.
Measure resistance values in series-parallel circuit.
Measure current values in a series-parallel circuit.
Measure voltage drops in a series-parallel circuit.
311 - SERIES-PARALLEL CIRCUIT TROUBLESHOOTING THEORY ........ccccsiicrerrrcnmeessssmeeesssmeessnnnns --
Determine if an operating series-parallel circuit is faulty.
Identify an open, short, and changed value resistor in an operating series-parallel
circuit.

*

*

¥ Ok kX OF X * X

¢ 1312 - SERIES-PARALLEL CIRCUIT TROUBLESHOOTING EXPERIMENT ........ocoomiiiirieneenas 9A

*

Determine if a series-parallel circuit is open, short or has a changed value
component.

¢ 1313 - SERIES-PARALLEL CIRCUIT TROUBLESHOOTING PRACTICE........ccccccnimnmrnremssenssnsaenns 9A

*

Troubleshoot a series-parallel circuit and identify if it is faulty.
Identify a faulted circuit as being open, shorted or changed value.
Identify the component most likely to be faulty.

*

*



PC CARD
MODEL 1401 DC CIRCUITS continued

1401 - VOLTAGE DIVIDER CIRCUITS .....ooiiiiiiitristiiss i sssss s s s s ssss s s sssss snssss ssssssssnn s 9C
*  ldentify a voltage divider circuit.
* ldentify a voltage divider as being loaded or unloaded.
*  Calculate voltage, current, and resistance in a loaded and unloaded voltage divider circuits.
*  Calculate percent regulation for voltage divider circuits.
*  Measure voltages in loaded and unloaded voltage divider circuits.
402 - BRIDGE CIRCUITS ......coiiiiiiiiirierisie s s s s s s s s s mssa s s sm s e sn e s s ms s e e s s s smnsann e snsmnnnnsns 10A

Identify a bridge circuit.
Solve for voltage outputs and unknown resistances.

1
*  State the purpose of a bridge circuit.
*  Make voltage measurements in an operating bridge circuit and calculate resistances.

1407 - INTRODUCTION TO KIRCHHOFF'S VOLTAGE AND CURRENT LAWS.........cccoevmmrnnerrnsmersnsees 9C
*  Identify a complex circuit.

*  State Kirchhoff's Current and Voltage Laws.

*  Compare calculated and measured voltage in a circuit using Kirchhoff's Laws.

1403 - KIRCHHOFF'S VOLTAGE AND CURRENT LAWS .......cooooerccrrrsrerssrsssssessssssssssessssssssssssnsssssnsns 9C

*

Identify a complex circuit.

State Kirchhoff's Current and Voltage Laws.

Calculate current and voltage using Kirchhoff's Laws.

1404 - NORTON'S THEOREM........ociiiiiiimiiiininsniiss s ssss s s s s s s s s s s s s s s s s s ansms snssnnsnsne -
*  State the purpose of Norton's Theorem.

State the procedure for solving circuit values using Norton's Theorem.

Nortonize a series-parallel circuit.

1405 - THEVENIN'S THEOREM ..........ooiiiiiiririms it ss s s s s ssms s sas s s ms s s s s ms s sms s sms samnsnssmnsnnns -
*  State the purpose of Thevenin's Theorem.

Describe the six-step process for analyzing circuits using Thevenin's Theorem.

Theveninize a series-parallel and complex circuit.

1406 - MULTIMETER LOADING ...ttt s s sss s s s s s ssms s s as s s s s s smsssnnsnsnns 9C
Describe the circuit loading effect of meters.

Describe how meter loading is reduced.

Describe the ohms-per-volt rating of analog meters.

Measure circuit voltages using an analog and digital multimeter.

Observe the loading effect of an analog meter.

*

*

*

*

*

*

*  * kX *

MODEL 1402 AC CIRCUITS

2101 - ALTERNATING CURRENT ... cciiiiccirersssmressssss e s ssssmse s ssssss e s sssssnsesssssnsesssssnsesssssnsesssssnsesssssnsesansnns --
Define alternating current.
Identify an AC sine wave.
Define frequency and cycle and describe Hertz.
Determine wavelength of a sine wave.
Determine the period of a sine wave.
102 - GENERATING ELECTRICITY w...coiiiiiiiiiierirer s e e s ss s ss s s s s s e s ssms s s ms e s smne s s smme s s mmne s --
Define the characteristics of induction.
Determine magnitude and polarity of voltage produced in a magnetic field.
Explain the operation of an AC generator.
Identify values of voltage and current at various electrical degrees.
Calculate peak, peak-to-peak, average, and RMS values.
Identify in and out of phase.
Identify magnitude and degree of an AC wave using vectors.
103 - NON-SINUSOIDAL WAVES .......ccooccciererrnrrrrasssrrrasssseerssssnsesssssssessssssmessssssmsesssssnsesssssnsesssssnnenssssnsees --
Identify harmonic frequencies.
Identify harmonic frequencies used to produce non-sinusoidal waves.
Define square waves.
Identify square wave cycles.
Define sawtooth waves.
Identify sawtooth wave cycles.

* ok ok % ok R N) F Ok F ok ok kRN *F K ok * ok

N



PC CARD
MODEL 1402 AC CIRCUITS continued

2104 - RESISTANCE IN AC CIRCUITS ... ceiiticnrreissssse e s ssssss e s s ssss e s ssssss e s ssssss e s sssssse s ssssnneesssssnsessesanessnssnne --
Use Ohm's Law to determine resistance in an AC series circuit.
Identify the relationship between voltage, current, and resistance in an AC series circuit.
Use Ohm's Law to calculate resistance in an AC parallel circuit.
Discuss the relationship between voltage, current, and resistance in an AC parallel circuit.
Use Ohm's Law to calculate resistance in an AC series parallel circuit.
Identify the relationship between voltage, current, and resistance in and AC series parallel circuit.
201 - INTRODUCTION TO OSCILLOSCOPES. .........coooicoerererssmrersassnserssssmeesssssssesssssnsessssssmessssssnsesssssnnens --
Describe the purpose of an oscilloscope.
Identify the quantities measured by an oscilloscope.
Describe single trace and dual trace oscilloscopes.
Identify the four main functional sections of an oscilloscope.
Describe the purpose of each control and switch of an oscilloscope.
00 2202 - OSCILLOSCOPE USE ........cooiiiiicirriieirssssseressssss s s sssss s s ssssss e s sss s s s sasssns s sasssss s sasssssessnssnsesssen 10,804
*  Set up an oscilloscope for normal operation.
Measure voltage using an oscilloscope.
Measure frequency using an oscilloscope.
2203 - INTRODUCTION TO THE FUNCTION GENERATOR ......ccccociiiircererrsssererssssseesssssns e s ssssss s s snssnsnesnnes --
*  Describe the purpose of a function generator.
*  Identify the types of output signals generated by a function generator.
*  Identify the two major sections of a function generator.
*  Describe the purpose of each control and switch of a function generator.
2204 - FUNCTION GENERATOR USE ...t sssss s s s ss s s s ss s s s ms s s s ssn s s sasssnnsnes 10
*  Set up a function generator for normal operation.
Adjust a function generator for various output signals.
Modulate an output signal.
¢ 2205 - INTRODUCTION TO THE FREQUENCY COUNTER.........ooii e --
*  Describe the purpose of an frequency counter.
*  Describe the 4 major functions a frequency counter performs.
*  Determine the quantity measured from the display.
*  Identify the controls of a frequency counter and discuss their purpose.
© 2206 - FREQUENCY COUNTER USE.........cooiiiiiiircirrrsssressssnresssssssessssssssssssssmessssssmsssssssnsesssssnsessssannns 10
*  Set up a frequency counter for normal operation.
Perform calibration period, frequency, and totalize measurements.
Compare frequency and period measurements using a frequency counter and an
oscilloscope.
2207 - OSCILLOSCOPE USE...........ooiiiiieriiiis s ssssr e s sssss s s sss s sas s sa s ms e s assams s s ssssnnensssnnassnss 10
*  Set up an oscilloscope for normal operation.
Measure voltage using an oscilloscope.
Measure frequency using an oscilloscope.
o000 2208 - INTRO TO FUNCTION GENERATOR (444) .....coccoiieiiceieriscnterssssss s ssssss s ssssss s sssssss s sssssss s s ssssnssssss --
*  Describe the purpose of a function generator.
* ldentify the types of output signals generated by a function generator.
*  ldentify the two major sections of a function generator.
*  Describe the purpose of each control and switch on a function generator.
o000 2209 - FUNCTION GENERATOR USE (444) .....coooiiiiireiccieescceressssnsessssssse s essssms s sssssns s ssssssssnsssssssnsssssnees 10
*  Set up a function generator for normal operation.
Adjust a function generator for various output signals.
Modulate an output signal.
ocoe 2210 -INTRO TO FUNCTION GENERATOR (4040) ......ccceriiemrerrncnerrssssssrsssssssesssssseesssssssesssssssesssssnsessasas --
Describe the purpose of a function generator.
*  Identify the types of output signals generated by a function generator.
*  Identify the two major sections of a function generator.
Describe the purpose of each control and switch on a function generator.

* % kX RN F Ok Xk * %
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MODEL 1402 AC CIRCUITS continued

eeee 2211 - FUNCTION GENERATOR USE (4040) ........cccceiiemiininnimninnennen s sesssssanssssssseessns

*

Set up a function generator for normal operation.
Adjust a function generator for various output signals.
Modulate an output signal.

*

*

2301 - INTRODUCTION TO INDUCTORS ...t s

*

Identify types of inductors.

Discuss the current opposing characteristic of an inductor.
Identify the schematic symbol for an inductor.

Identify the unit of measurement for inductance.

Discuss the characteristics of inductance.

302 - INDUCTOR IDENTIFICATION ......cuiiiiiirecnnner i a s s sne s

Identify inductors.
Use inductor color codes to determine inductance.

Calculate total inductance in series circuits.
Calculate total inductive reactance in series circuits.
Calculate total impedance in series circuits.

304 - RL SERIES CIRCUIT OPERATION.........ir et

Measure the inductive phase relationship between voltage and current.

Verify normal operation of a RL series circuit.

Measure the phase relationship between the voltages developed across resistors and
inductors.

¢ 2305 - RL SERIES CIRCUIT TROUBLESHOOTING EXPERIMENT ........cccooonrimnimnnnnnnnannns

*

Identify an open component in an RL series circuit.

*  ldentify a shorted component in an RL series circuit.

* ldentify a changed value component in an RL series circuit.
*  Determine an open component in an RL series circuit.

*  Determine a shorted component in an RL series circuit.

¢ 2306 - RL SERIES CIRCUIT TROUBLESHOOTING PRACTICE.........cccoconiimnimrennnnenneens

*

Locate an open component in an RL series circuit.
Locate a shorted component in an RL series circuit.
Locate a charged value component in an RL series circuit.

*

*

2307 - RL PARALLEL CIRCUITS ... ss s s s e

*

Calculate total inductance in an RL parallel circuit.
Calculate total inductive reactance in an RL parallel circuit.
Calculate total impedance in an RL parallel circuit.

*

*

2308 - RL PARALLEL CIRCUIT OPERATION........ccoiiiiinirnernnninesnss s ss s

*

Measure the current phase difference between inductive and resistive branches of a
parallel RL circuit.

Verify normal operation of a parallel RL circuit.

Measure the total current phase difference in a parallel RL circuit.

*

¢ 2309 - RL PARALLEL CIRCUIT TROUBLESHOOTING EXPERIMENT .........ccccnimniunniunninnnns

*

Identify an open component in an RL parallel circuit.

Identify a shorted component in an RL parallel circuit.
Identify a changed value component in an RL parallel circuit.
Observe an open component in an RL parallel circuit.
Observe a shorted component in an RL parallel circuit.

* * * *

¢ 2310 - RL PARALLEL CIRCUIT TROUBLESHOOTING PRACTICE........cccoiimiiiinneenas

*

Locate an open component in an RL parallel circuit.
Locate a shorted component in an RL parallel circuit.
Locate a changed value component in an RL parallel circuit.

*

L B T LI o | I

Identify RL filters circuits.
*  Describe RL filter circuit characteristics.
*  Calculate RL filter circuit values.
*  Measure RL filter circuit values.
*  Compare measured RL filter circuit values with calculated circuit values.

2
2303 - RL SERIES CIRCUITS ..ottt ssss s sss s e s s s s s sms e s
2
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2401 - INTRODUCTION TO CAPACITORS

*

*

2402 - CAPACITOR IDENTIFICATION

*

*

2403 - RC SERIES CIRCUITS

*

*

2404 - RC SERIES CIRCUIT OPERATION

*

*

¢ 2405 - RC SERIES CIRCUIT TROUBLESHOOTING EXPERIMENT

*

*

*

© 2406 - RC SERIES CIRCUIT TROUBLESHOOTING PRACTICE |

*

*

*

ee 2407 - RC SERIES CIRCUIT TROUBLESHOOTING PRACTICE I

*

*

*

2408 - RC PARALLEL CIRCUITS

*

*

*

2409 - RC PARALLEL CIRCUIT OPERATION

*

* 241
e 241
oo 241

*

oo 241

L T N T

MODEL 1402 AC CIRCUITS continued

Identify types of capacitors and schematic symbol.
Describe charge and discharge characteristics of a capacitor.

Identify ceramic, film, mica, and electrolytic capacitors.
Read the capacitance and voltage values.

Calculate total capacitance in series circuits.
Calculate total capacitive reaction and impedance series circuits.

Measure the capacitive phase relationship between voltage and current.
Verify normal operation of an RC series circuit.

Identify an open component in an RC series circuit.
Identify a shorted component in an RC series circuit.
Identify a changed value component in an RC series circuit.

Locate an open component in an RC series circuit.
Locate a shorted component in an RC series circuit.
Locate a changed value component in an RC series circuit.

Locate an open component in an RC series circuit.
Locate a shorted component in an RC series circuit.
Locate a changed value component in an RC series circuit.

Calculate total capacitance in an RC parallel circuit.
Calculate total capacitive reactance in an RC parallel circuit.
Calculate total impedance in an RC parallel circuit.

Measure the current phase difference between capacitive and resistive branches of a
parallel RC circuit.

Verify normal operation of an RC parallel circuit.

Measure the total current phase difference in an RC parallel circuit.

0 - RC PARALLEL CIRCUIT TROUBLESHOOTING EXPERIMENT ........cccociiiiiiinas

Identify an open component in an RC parallel circuit.
Identify an shorted component in an RC parallel circuit.
Identify a changed value component in an RC parallel circuit.

1 - RC PARALLEL CIRCUIT TROUBLESHOOTING PRACTICE I......ccocnsumnvurnrnneennninns

Locate an open component in an RC parallel circuit.
Locate a shorted component in an RC parallel circuit.
Locate a changed value component in an RC parallel circuit.

2 - RC PARALLEL CIRCUIT TROUBLESHOOTING PRACTICE Il.....cooceniumiurrinecneenennnns

Locate an open component in an RC parallel circuit.
Locate a shorted component in an RC parallel circuit.
Locate a changed value component in an RC parallel circuit.

R O o | IR I

Identify RC filter circuits.

Describe RC filter circuit characteristics.

Calculate RC Filter circuit values.

Measure RC low pass filter circuit values.

Compare measured RC low pass filter circuit values with calculated circuit values.
Measure RC high pass filter circuit values.

Compare measured RC high pass filter circuit values with calculated circuit values.

PC CARD



2501 - RC AND RL TIME CONSTANTS

*

*

*

*

2502 - RC TIME CONSTANTS OPERATION

*

*

*

¢ 2503 - RC CIRCUIT TRANSIENT ANALYSIS

*

*

*

¢ 2504 - RC CIRCUIT TRANSIENT EXPERIMENT

*

*

*

¢ 2505 - RC CIRCUIT TRANSIENT TROUBLESHOOTING EXPERIMENT

*

*
*
*
*

ee 2506 - RC CIRCUIT TRANSIENT TROUBLESHOOTING PRACTICE |

*

*

ee 2507 - RC CIRCUIT TRANSIENT TROUBLESHOOTING PRACTICE Il

*

*

2601 - CAPACITIVE/INDUCTIVE REACTANCE AND RCL CIRCUITS

*

*

*

2602 LCR SERIES AND PARALLEL CIRCUIT EXPERIMENT

* F kX *

2
*
*
*
*
*

¢ 2604 - SERIES RESONANCE

*

*

*

¢ 2605 - SERIES RESONANT CIRCUITS

*

*

*

603 - LCR CIRCUIT TROUBLESHOOTING

MODEL 1402 AC CIRCUITS continued

Describe RC time constants.

Calculate the amount of charge or discharge of a capacitor using RC time constants.

Describe RL time constants.
Calculate the amount of current present in an inductor using RL time constants.

Measure the charging and discharging of a capacitor using a multimeter.
Measure the charging and discharging of a capacitor using an oscilloscope.
Verify RC time constants through measurements.

Describe the effects of a capacitor on non-sinusoidal wave shapes.
Describe how long and short time constants affect wave shapes.
Describe how RC time constant relates to capacitive reactance.

Predict effects on voltage and current as frequency changes.
Measure voltage waveform across a capacitor with a square wave applied.
Measure current waveform through a capacitor using a sampling resistor.

Describe typical faults in an RC transient circuit.

Describe RC circuit transient troubleshooting procedures.

Describe the effects of open, shorted, and changed value components.
Recognize that an RC transient circuit is faulted.

Observe the effects of an open and shorted component in an RC transient circuit.

Identify faulty RC transient circuit operation.
Identify the faulty component in an RC transient circuit.

Identify faulty RC transient circuit operation.
Determine the faulty component in an RC transient circuit.

Describe the effects of inductors and capacitors when used in the same circuit.
Calculate circuit values in a series RCL circuit.
Calculate circuit values in a parallel RCL circuit.

Calculate and measure the voltage drops in an LCR series circuit.
Verify normal operation of an LCR series circuit.

Measure the phase relationship between E,, Eg, Ec, and E, in an LCR series circuit.

Calculate and measure the branch currents in an LCR parallel circuit.
Verify normal operation of an LCR parallel circuit.
Measure the phase relationship between Iy, I, Ic, and I_ in an LCR parallel circuit.

Identify an open component in an LCR series and parallel circuit.

Identify a shorted component in an LCR series and parallel circuit.
Identify a changed value component in an LCR series and parallel circuit.
Observe the effects of an open component in an LCR series circuit.
Observe the effects of a shorted component in an LCR series circuit.

Describe series resonance.
Calculate the resonant frequency of an LCR series circuit.
Describe LCR series circuit values at resonance.

Calculate and measure the resonant frequency in an LCR circuit.
Observe the effects of voltage magnification.

PC CARD

Observe the values of Eg, |t and Z7 below, at, and above resonance in a series LCR circuit.



MODEL 1402 AC CIRCUITS continued

¢ 2606 - PARALLEL RESONANCE .........oooimimnnirin s ssne s

*

Describe parallel resonance

*

resonance.

© 2607 - PARALLEL RESONANT CIRCUITS ...t s snsnsens

*

Calculate and measure the resonant frequency of an LCR parallel circuit.

*

Identify an open component in a resonant circuit.

Identify a shorted component in a resonant circuit.

Identify a changed value component in a resonant circuit.

Observe the effects of an open component in a series and parallel resonant circuit.
Observe the effects of an open component in a series and parallel resonant circuit.

* F kX *

Identify faulty series resonant circuit operation.

Determine the faulted component in a series resonant circuit.
Identify faulty parallel resonant circuit operation.

Determine the faulted component in a parallel resonant circuit.

2
*
*
*
*

e¢ 2610 - RESONANT CIRCUIT TROUBLESHOOTING Il........oovoimiiireiiiiinecneennnesecsanns

Identify faulty series resonant circuit operation.

Determine the faulted component in a series resonant circuit.
Identify faulty parallel resonant circuit operation.

Determine the faulted component in a parallel resonant circuit.

701 - INTRODUCTION TO TRANSFORMERS.........coooimiriemnin s s

2
*  Describe the purpose of transformers.

*  Identify transformer schematic symbols and the reference designation.
*  Describe transformer operating characteristics.

*  Calculate turns ratio, secondary voltage, current, and power.

*  Calculate primary current and power.

2

702 - TRANSFORMER OPERATION ......ooiiiirneriinnsn s s

Measure primary voltage of a transformer.
Measure secondary voltage of a transformer.
Determine step up or step down transformer action.

Describe typical faults in transformer circuits.

Describe transformer troubleshooting procedures.

Determine when a transformer is faulted.

Observe the effects of an open and shorted secondary in a transformer circuit.

* o % *N

00 2801 - RELAYS ... e e e e

*

Describe the purpose and types of relays.

*  Describe basic relay construction and operation.

*  ldentify the schematic symbol and reference designator for relays.
*  Describe the latched and time delay relay.

*  Describe a solenoid.

o0 2802 - RELAYS OPERATION EXPERIMENT .......coociimiiiiiicninnensns s ssnessnens

*

Trace signal flow through a relay circuit.
Measure voltages in a relay circuit.

*

ee 2803 - TROUBLESHOOTING RELAYS AND SWITCHES ..........ccccocimimrinicnennennenaens

*

Describe typical faults in relays and describe relay-troubleshooting procedures.

*

*

Identify component symbols from a schematic drawing.
Describe the operation of an electrical circuit using a schematic drawing.

*

Calculate the resonant frequency of an LCR parallel circuit and describe circuit values at

Observe the values of I+ and Z; below, at, and above resonance in a parallel LCR circuit.
) 2608 RESONANT CIRCUIT TROUBLESHOOTING EXPERIMENT ......ccccccovviimmreemneneenenes

Observe the effects of a shorted component in a series and parallel resonant circuit.
609 - RESONANT CIRCUIT TROUBLESHOOTING I....cccciiiiieeeerce e

703 - TROUBLESHOOTING TRANSFORMERS ..ottt

Recognize that a relay circuit is faulted and identify the fault in a faulted relay circuit.
00 2804 - ELECTRICAL CIRCUITS ...ttt sss s s s s mns s s

PC CARD
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MODEL 1402 AC CIRCUITS continued

e¢ 2805 - ELECTRICAL CIRCUITS EXPERIMENT .......ooiiomiiminrn i ssss s s s s sssss s 82,83
*  Trace signal flow through an electrical circuit.

Measure AC and DC voltages in an electrical circuit.

e¢ 2806 - ELECTRICAL CIRCUITS TROUBLESHOOTING.........ccicimmirmnnerinses s s ssss s ssssnens 82,83
*  Describe typical faults in electrical circuits.
*  Describe electrical circuit troubleshooting procedures.
*  Recognize that an electrical circuit is faulted.
*  Identify the fault in a faulted electrical circuit.

*

MODEL 1403 ANALOG CIRCUITS

3101 - INTRODUCTION TO DIODES .........ccociiiiiteriimer e s sms s ssssms e s s sms e s s smne s s s sams s s ssssme s sssssmsa s snmenes --
Discuss the purpose of semiconductor diodes.
Recognize the common types of diodes.
Recognize diode schematic symbols and reference designators.
Describe the uses of diodes.
Describe semiconductor material.
Describe P and N type semiconductor material.
Describe forward and reverse biasing.
102 - JUNCTION DIODES..........ccoieiiiceerrrcrerssssmresssssmseesssssne e s sssmme e s sssame e e ssssme e e ssssmsesesssmsenesssmsesssnmeesssssnnens --
Describe the purpose of a junction diode.
Identify the schematic symbol for a junction diode.
Describe forward and reverse bias.
Calculate circuit current based on the knee voltage of the diode.
103 - JUNCTION DIODE OPERATION.........coiiiieiirinnrerrsssre s sssss s ssssss s sssns s ssssms s s sssms s s ssssnss s sassnnnenas 22A
Recognize normal operation of a junction diode.
Measure current through a junction diode.
¢ 3104 - JUNCTION DIODE TROUBLESHOOTING EXPERIMENT .......ccocoioiiiirrr e 22A
*  ldentify an open junction diode in a circuit.
Identify a shorted junction diode in a circuit.
Identify a charged value junction diode in a circuit.
Observe an open junction diode in a circuit.
Observe a shorted junction diode in a circuit.
e¢ 3105 - JUNCTION DIODE TROUBLESHOOTING PRACTICE ........cooiiirerrcceeer s e e s ssce e s e e 22A
*  Identify an open junction diode in an operating circuit.
* Identify a shorted junction diode in an operating circuit.
*  Observe diode limiter operation
*  Describe the purpose of diode limiters.
*  Identify the two different types of diode limiter circuits.
*  Describe diode limiter operation.
*  Measure input and output waveforms of diode limiter circuits.
*  Recognize normal operation of diode limiter circuits.
3106 - DIODE LIMITER OPERATION........ccccieiiseererssssresssssssessssssseesssssssesssssssesssssssessasssnsesssssssesssssnnenas T7A

* R Q) K Ok ok R Q) ¥ Ok Kk * ok

* * * *

Describe the purpose of diode limiters.
Identify the two different types of diode limiter circuits.
Describe diode limiter operation.
Measure input and output waveforms of diode limiter circuits.
Recognize normal operation of diode limiter circuits.
3107 - DIODE CLAMPER OPERATION.......cooiieiirccrersscmre s ssssmse s sssssse e s s ssme e s s ssmn e e ssssmn e s esssmnesssssnneessnns 77B
*  Describe the purpose of diode clampers.
*  Identify the two different types of diode clamper circuits.
*  Describe diode clamper operation.
*  Measure input and output waveforms of diode clamper circuits.
*  Recognize normal operation of diode clamper circuits.

10
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MODEL 1403 ANALOG CIRCUITS continued

. 3108 LIMITER AND CLAMPER TROUBLESHOOTING EXPERIMENT .........cooceicmriierrreeeenans 77A,77B
Describe typical faults in diode limiter and clamper circuits and describe troubleshooting

procedures.

Recognize when a parallel diode limiter circuit is faulted.

Observe the effects of a defective diode in a parallel limiter circuit.

Recognize when a diode clamper circuit is faulted.

Observe the effects of a defective diode in a clamper circuit.

* * * *

ee 3109 - LIMITER AND CLAMPER TROUBLESHOOTING PRACTICE..........cccoiimerenneeeeas 77TA,77B

*

Identify faulty limiter circuit operation.
Determine the faulty component in a faulted clamper circuit.
Determine the faulty component in a faulted limiter circuit.
Identify faulty clamper circuit operation and determine the faulty component.
3110 - ELECTRON TUBE PRINCIPLES........coii e ine e e s sms s s sms s s mn e s s mme s smmn s --
Identify the purpose of electron tubes.
Describe types, symbols, and characteristics of vacuum tubes, and the function of their elements.
Identify electron tube operation principles.
Identify electron tube configurations.
Identify characteristics of cathode ray tubes (CRTSs).
Identify cathode ray tube (CRT) operating principles.
201 - INTRODUCTION TO TRANSISTORS .......cooccciiirncnrrrrssssnresssssressssssssssssssssssssssssesssssssesssssssessasssnnens --
Describe the purpose of a transistor.
Describe types of transistors.
Identify transistor schematic symbols.
Identify the base, emitter, and collector leads of a transistor.
Describe the purpose of DC bias in transistors.
Describe NPN transistor bias.
Describe PNP transistor bias.
202 - TRANSISTOR OPERATION .......ccctiiiictieiscnneesssssseesssssne e s sssme e s ssssms e s ssssnsesssssnsessassnnsessnsnnsessanns 28,29
Describe transistor cutoff and saturation.
Describe transistor Alpha and Beta.
Identify fixed, self, and combination biasing.
Measure Alpha and Beta.
Observe cutoff and saturation.
Measure collector current with varying load resistors.
203 - INTRODUCTION TO TRANSISTOR AMPLIFIERS..........coiiirrirerr e --
Describe the purpose of an ampilifier.
Describe classes of amplifier operation.
Describe common emitter amplifiers.
Describe common collector amplifiers.
Describe common base amplifiers.
204 - COMMON EMITTER AMPLIFIER............eiioerecrscere e sscssse s ssssss e sssssns e s ssssnn e e ssssss e e snsssns e sesssssessnssnnnsnns --
Describe the operating characteristics of a common emitter amp.
Describe the purpose of individual components in a common emitter amplifier.
Describe methods to determine class of operation.
Describe methods to determine voltage gain.
205 - COMMON EMITTER AMPLIFIER EXPERIMENT ......ccccooiiiicreerresmeessssme e s essms e sssme e sssmnn e snssnns 30A
Measure input and output waveforms of a common emitter amp circuit to determine
normal operation.
Observe waveforms in a common emitter amplifier circuit.
3206 - COMMON COLLECTOR AMPLIFIER .......ciiiicieeriisscensssssseessssmsessssmessssssmeesssssmsssssssnsesssssnnesssssnnens --
*  Describe the operating characteristics of a common collector amp.
Describe the purpose of individual components in a common collector ampilifier.
3207 - COMMON COLLECTOR AMPLIFIER EXPERIMENT .........ccceiiiireiiereesssmr e s s sms e e s e e s snsmne e snsnns 31
*  Measure input and output waveforms of a common collector amplifier circuit to determine
normal operation.
Observe waveforms in a common collector amplifier circuit.

Q) F Ok ok QY F Kk ok Q) K Ok Kk ok Q) K Ok K F ok F Ok Q) F K *F ok * ok

*

*

*
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MODEL 1403 ANALOG CIRCUITS continued

3208 - COMMON BASE AMPLIFIER........ccccociriiciteriisscessssssmeesssssme e sssssmsasssssmsesssssnsesssssnsesssssnnenssssnnsnsssnnnens --
*  Describe the operating characteristics of a common base amplifier.

Describe the purpose of individual components in a common base amp.

Describe methods to determine class of operation.

Describe methods to determine voltage gain.

*

*

*

3209 - COMMON BASE AMPLIFIER EXPERIMENT .........cccooiiiireerernscnreessssne s sssssse e sssssnn e ssssns e snsssssennnnes 32
*  Measure the input and output waveforms of a common amplifier circuit to determine normal
operation.

*

Observe waveforms in a common base amplifier circuit.
3301 - INTRODUCTION TO POWER SUPPLIES AND DIODE RECTIFIERS...........ccoccmiiriimrrnenerseeens --
*  Describe the purpose of power supplies.
Describe the sections of a typical power supply.
Identify half-/full-wave and bridge rectifiers.
3302 FULL- AND HALF-WAVE RECTIFIER OPERATION ........ccociiiiieterrscnrerrscnee e ss e e ssssne e sessmeeeeas 23
Identify half and full wave rectifier circuits.
Identify the purpose of individual components in half and full wave rectifiers.
Describe the operating characteristics of half and full wave rectifiers.
Measure the input and output waveforms of half and full wave rectifiers.
Recognize normal operation of half and full wave rectifiers.
303 - BRIDGE RECTIFIER OPERATION ......cooiiiieiireereressmressssssneessssnr e sessssn e s esssssssnssssessasssssesssssnseneas 24
Identify bridge rectifier circuits.
Identify the purpose of individual bridge rectifier components.
Describe bridge rectifier operating characteristics.
Measure the input and output waveforms of a bridge rectifier.
Recognize normal operation of a bridge rectifier.
306 - INTRODUCTION TO VOLTAGE REGULATORS ........ccooiiiriminrmr s ss s s s --
Describe the purpose of series voltage regulators.
Describe the operation of basic series voltage regulator circuits.
Describe the purpose of parallel voltage regulators.
Describe the operation of basic parallel voltage regulator circuits.
307 - ZENER DIODE OPERATION........coiiiiicirrrresrerrassmeessssmsesesssnsesssssssenessssmessssssmsesasssnsesssssnnenssssnnes 22B
Identify a zener diode schematic symbol.
Identify the purpose of a zener diode.
Describe the operation of zener diodes.
Recognize the proper method of using a multimeter to verify zener diode operation.
3308 - ZENER DIODE REGULATOR OPERATION ......cooiiiiiiimrrinerr s s ssms s s 23,25
*  ldentify zener diode regulator circuits.

*

*

Ok Ok X Q) Ok F Ok X Q) K R ok F kY F K * ok

Identify purpose of individual zener diode regulator components.
Describe zener diode regular operating characteristics.
Measure the input and output waveforms of a zener diode regulator.
Recognize normal operation of a zener diode regulator.
3309- VOLTAGE REGULATOR OPERATION.........coiiiiiiriinnr s ssmsssssss s ssssssssssnss s s sss snmsssssmssas 23,26
*  Identify voltage regulator circuits.
*  Identify the purpose of individual voltage regular components.
*  Identify voltage regulator operating characteristics.
*  Measure the input and output waveforms of a voltage regulator.
*  Recognize normal operation of a voltage regulator.
310 - VOLTAGE REGULATOR TROUBLESHOOTING EXPERIMENT ........cccoiioierecceree e 23,25,26
Describe typical faults in voltage regulator circuits.
Describe voltage regulator troubleshooting procedures.
Recognize when a zener diode voltage regulator circuit is faulted.
Observe the effects of a faulted component in a zener diode voltage regulator circuit.
Recognize that a variable voltage regulator circuit is faulted.
Observe the effects of a faulted component in a variable voltage regulator circuit.
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MODEL 1403 ANALOG CIRCUITS continued

3311 - VOLTAGE REGULATOR TROUBLESHOOTING PRACTICE.........ccccoiiiiirrreer e 23,25,26
*  ldentify faulty zener diode voltage regulator operation.
*  Determine the faulty component in a faulted zener diode voltage regulator.
*  ldentify faulty variable voltage regulator operation.
*  Determine the faulty component in a faulted variable voltage regulator.
3312 - IC REGULATOR OPERATION.........ciiiiictiriiismeesssssseesssssmeesssssms e s ssssmnessssssnesessssnessssssmsesssssnsenssnnnnns 74
*  Describe the purpose and operation of an IC regulator.
Verify normal operation of an IC regulator.
Define the advantages of an IC regulator.
3313 - VOLTAGE DOUBLER OPERATION........coiiiiiterissnrerssssssessssssnsessssssssssssssnessssssssesssssnsesssssnnenssssnens 27
*  Identify the purpose of a Voltage Doubler.
Describe the operation and advantages of Half- and Full-wave Voltage Doublers.
Identify normal operation of Half- and Full-wave Voltage Doublers.
Observe the effect of loading on a Voltage Doubler's output.
Observe the effect of adding additional filter capacitance to a Voltage Doubler.
401 - MULTISTAGE TRANSISTOR AMPLIFIERS ..........iiirierr e mn e e --
Describe and state the purpose of cascade amplifiers.
Calculate the total gain of a cascade amplifier.
Describe the different methods used to couple amplifier stages.
402 - RC COUPLED TRANSISTOR AMPLIFIER OPERATION.......cccciicierirccerrsscmre e s seme e ssme e s 33
Describe operating characteristics of an RC Coupled transistor amp.
Describe the effect of an input signal's amplitude and frequency in an RC coupled
transistor amplifier.
Measure input and output waveforms of an RC coupled transistor amp.
Recognize normal operation of an RC coupled transistor amplifier.
Observe the effect of an input signal's amplitude and frequency in an RC coupled
transistor amplifier.
3403 - PUSH-PULL AMPLIFIER OPERATION ... rire s snmne s sme s e smn e s mn e s s 34
*  Identify push-pull amplifier circuits.
Describe the operating characteristics of push-pull amplifiers.
Measure the input and output waveforms of a common collector push-pull amplifier circuit.
Recognize normal operation of a common collector push-pull amplifier circuit
404 - MULTISTAGE AMPLIFIER TROUBLESHOOTING EXPERIMENT .......ccooicociericeeerseeeee e 33,34
Describe the troubleshooting method of signal tracing.
Identify common faults in a multistage amplifier circuit.
Recognize when a multistage amplifier circuit is faulted.
Troubleshoot a faulted multistage amplifier circuit.
3405 - MULTISTAGE AMPLIFIER TROUBLESHOOTING PRACTICE ........cooiecerreceeeerrseeeesssneeenns 33,34
*  Identify faulty multistage amplifier operation.
*  Determine the faulty component in a faulted multistage amplifier.
3406 - FIELD EFFECT TRANSISTOR (FET) AMPLIFIERS...........oirii e 49
Recognize field effect transistor schematic symbols.
Describe the construction of field effect transistors.
Describe operating characteristics of field effect transistors.
Identify basic FET amplifier configurations.
Describe the operation of common source FET amplifiers.
Describe the method to check for normal operation of common source FET amplifiers.

*
*
*
*
*
*
*  Measure the input and output waveforms of a common source FET amp.
*  Recognize normal operation of a common source FET amplifier.
3
*
*
*
*

*

*
*
*
*
3
*
*
*
3
*
*

3
*
*
*
*

407 - FET AMPLIFIER TROUBLESHOOTING EXPERIMENT ........cooiiiirerensmeressseersssssmee s sssensssssmnnnas 49
Describe typical faults in FET amplifier circuits.
Describe FET amplifier troubleshooting procedures.
Recognize when a FET amplifier circuit is faulted.
Identify the faulted component in a FET amplifier circuit.
3408 - FET AMPLIFIER TROUBLESHOOTING PRACTICE ..o ereeererressmeeesssme e s sme e se s smee s sssmee s 49
*  ldentify faulty FET amplifier operation.
Determine the faulty component in a faulted FET amplifier.

*

13



MODEL 1403 ANALOG CIRCUITS continued

3409 - MOSFETS .......coiiiimiiiii s s s n s a e s e

*

Recognize MOSFET schematic symbols.

Describe the construction of MOSFET devices.

Describe the operation of Depletion mode MOSFETSs.
Describe the operation of Enhancement mode MOSFETSs.
Identify various MOSFET device applications.

501 - INTRODUCTION TO SINE WAVE OSCILLATORS.........ccoomrrirreeraeee

3

*  Describe the purpose of sine wave oscillators.
*  Describe a basic sine wave oscillator circuit.

*  Identify LC Oscillators.

* Identify RC Oscillators.

* Identify Crystal Oscillators.

3

502 - HARTLEY OSCILLATOR OPERATION ........ccoiinimnimnininicsesnenan e

Identify Hartley Oscillator circuits.

Describe the operating characteristics of Hartley Oscillators.
Identify the purpose of individual components in Hartley Oscillator.
Measure the input and output waveforms of a Hartley Oscillator.
Recognize normal operation of a Hartley oscillator.

503 - COLPITTS OSCILLATOR OPERATION........cooomriririnnee s

Describe the operating characteristics of Colpitts Oscillators.
Identify the purpose of Individual components in Colpitts Oscillator.
Measure the input and output waveforms of a Colpitts Oscillator.

3
*  Identify Colpitts Oscillator circuits.
*  Recognize normal operation of a Colpitts.

504 - RC PHASE SHIFT OSCILLATOR OPERATION .......ccccocmmnmnrinnneeseesansans

Describe the operating characteristics of RC Phase Shift Oscillator.

Identify the purpose of individual components in RC Phase Shift Oscillators.
Measure the input and output waveforms of an RC Phase Shift Oscillator.

3
* Identify RC Phase Shift Oscillator circuits.

Recognize normal operation of an RC Phase Shift oscillator.

505 - CRYSTAL CONTROLLED OSCILLATOR OPERATION .......ccccocoiiiiimiennnnenns

3

*  Describe the characteristics of a quartz crystal.

* Identify and describe Crystal Oscillator circuits.

*  Identify the purpose of individual components in Crystal Oscillator.
*  Measure the input and output waveforms of a Crystal Oscillator.

*  Recognize normal operation of a Crystal Oscillator.

Describe typical faults in Hartley and Colpitts Oscillators.

Describe Hartley and Colpitts Oscillator troubleshooting procedures.
Recognize when a Hartley Oscillator is faulted.

Identify the faulted component in a Hartley Oscillator.

Recognize when a Colpitts Oscillator is faulted.

Identify the faulted component in a Colpitts Oscillator.

3
*
*
*
*
*
*

Describe typical faults in RC Phase Shift and Crystal Oscillators.

Recognize that an RC Phase Shift Oscillator is faulted.
Identify the faulted component in an RC Phase Shift Oscillator.
Recognize when a Crystal Oscillator is faulted.

Identify the faulted component in a Crystal Oscillator.

Describe purpose of a Sawtooth Generator.

Identify and describe output waveforms of a Sawtooth Generator.
Measure the input and output waveforms of a Sawtooth Generator.
Recognize normal operation of a Sawtooth Generator.

3
*
*
*
*
*
*
3
*
*
*
*

14

506 - SINE WAVE OSCILLATOR TS EXPERIMENT LI......oooiiireneeae

507 - SINE WAVE OSCILLATOR TROUBLESHOOTING EXPERIMENT II ...............

Describe RC Phase Shift and Crystal Oscillator troubleshooting procedures.

508 - SAWTOOTH GENERATOR OPERATION.........ccocomimrimnninnen s

PC CARD



ee 3509 - BLOCKING OSCILLATOR OPERATION

*
*
*
*
*
[ 1]

3
*
*
*
*
*
*

e 3511 - NON SINE WAVE OSCILLATOR TS PRACTICE

*

*

*

*

3601 - INTRODUCTION TO MULTIVIBRATOR CIRCUITS

*

*

*

3602 - ASTABLE MULTIVIBRATOR OPERATION

kK kK R Q) K R K Ok ok QY F Kk *

3
*
*
*
*
*
*
*
*

e¢ 3606 - MULTIVIBRATOR TROUBLESHOOTING PRACTICE

*

*

¢ 3607 - SCHMITT TRIGGER OPERATION

*

*
*
*

510 - NON SINE WAVE OSCILLATOR TS EXPERIMENT

603 - MONOSTABLE MULTIVIBRATOR OPERATION

604 - BISTABLE MULTIVIBRATOR OPERATION

605 - MULTIVIBRATOR TROUBLESHOOTING EXPERIMENT

MODEL 1403 ANALOG CIRCUITS continued

Identify the purpose of blocking oscillators.

Describe the operation of free-running and triggered blocking oscillator.
Observe normal operation of free-running and triggered blocking oscillators.
Observe normal operation of free-running blocking oscillators.

Observe normal operation of triggered blocking oscillators.

Describe typical faults in Blocking Oscillators and Sawtooth Generators.

Describe Blocking Oscillator and Sawtooth Generator troubleshooting procedures.

Recognize when a Blocking Oscillator is faulted.
Identify the faulted component in a Blocking Oscillator.
Recognize when a Sawtooth Generator is faulted.
Identify the faulted component in a Sawtooth Generator.

Recognize when a Blocking Oscillator is faulted.
Identify the faulted component in a Blocking Oscillator.
Recognize that a Sawtooth Generator is faulted.
Identify the faulted component is a Sawtooth Generator.

Describe the purpose of multivibrators.
Describe a basic multivibrator.
Identify Astable, Monostable, and Bistable Multivibrators.

Identify Astable Multivibrator circuits.

Identify the purpose of individual components in astable multivibrators.
Describe the operation of astable multimeters.

Measure the input and output waveforms of an astable multivibrator.
Recognize normal operation of an astable multivibrator.

Identify Monostable Multivibrator circuits.

Identify the purpose of individual components in monostable multivibrators.
Describe the operating characteristics of monostable multivibrators.
Measure the input and output waveforms of a monostable multivibrator.
Recognize normal operation of a monostable multivibrator.

Identify Bistable Multivibrator circuits.

Identify the purpose of individual components in bistable multivibrators.
Describe the operating characteristics of bistable multivibrators.
Measure the input and output waveforms of a bistable multivibrator.
Recognize normal operation of a bistable multivibrator.

Describe typical faults in Astable, Monostable, and Bistable Multivibrators.
Describe multivibrator troubleshooting procedures.

Recognize when an Astable Multivibrator is faulted.

Identify the faulted component in an Astable Multivibrator.

Recognize when a Monostable Multivibrator is faulted.

Identify the faulted component in a Monostable Multivibrator.

Recognize that a Bistable Multivibrator is faulted.

Identify the faulted component in a Bistable Multivibrator.

Identify faulty multivibrator operation.
Determine the faulty component in a faulted multivibrator.

Describe the purpose of a Schmitt Trigger.

Identify and describe Schmitt Trigger circuits.

Measure the input and output waveforms of a Schmitt Trigger.
Recognize normal operation of a Schmitt Trigger with various inputs.

PC CARD

............... 44,45,46
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MODEL 1403 ANALOG CIRCUITS continued

¢ 3608 - SCHMITT TRIGGER TROUBLESHOOTING EXPERIMENT ........ccociimiimninienieenienn,

*

Describe typical faults in Schmitt Trigger circuits.

*  Describe Schmitt Trigger troubleshooting procedures.
*  Recognize when a Schmitt Trigger is faulted.

*  Identify the faulted component in a Schmitt Trigger.

e¢ 3609 - SCHMITT TRIGGER TROUBLESHOOTING PRACTICE.........ccocoomnirrirnnennenenn

*

Identify faulty Schmitt Trigger operation.
Determine the faulty component in a faulted Schmitt Trigger.

*

3701 - INTRODUCTION TO TRIGGER DEVICES.............ccoierirenie e

Describe the purpose of unijunction transistors.

Identify unijunction transistor schematic symbols.

Describe the operating characteristics of unijunction transistors.
Describe the purpose of silicon control rectifiers.

Identify silicon control rectifier schematic symbols.

Describe silicon control rectifier operating characteristics.

Describe the purpose of UJT oscillators.
Recognize UJT oscillator and describe their operation.

Describe the purpose of SCR trigger circuits.

Recognize SCR trigger circuits.

Describe the operation of a SCR trigger circuits.

Measure the gate and anode current in an operating SCR trigger circuit.
Recognize normal operation of an SCR trigger circuit.

* Ok Ok kR Q) F O X Q) K X X X %

Describe the purpose of SCR power control circuits.

Recognize SCR power control circuits.

Describe the operation of a SCR power control circuit.

Recognize normal operation of a SCR power control circuit.
Measure the waveforms in an operating SCR power control circuit.

* o+ o+ * * O

Describe typical faults in SCR trigger and power control circuits.

Describe SCR trigger and power control circuit troubleshooting procedures.
Recognize when a SCR trigger circuit is faulted.

Identify the faulted component in a SCR trigger circuit.

Recognize when a SCR power control circuit is faulted.

Identify the faulted component is a SCR power control circuit.

3
*
*
*
*
*
*

ee 3706 - SCR CIRCUIT TROUBLESHOOTING PRACTICE .......ccoiomimrirnemnenneseseessnsanens

*

Identify the faulted component in a SCR trigger circuit.
Identify the faulted component is a SCR power control circuit.

*

o 3707 TRIACS, DIACS, AND FOUR-LAYER DIODES .........ccceimnimnimnenisnnsesssessssssssassnes

Describe the relationship between triacs and SCRs.

Recognize triac circuit operation based on input conditions.
Describe the relationship between diacs and four-layer diodes.
Explain the beneficial use of a diac with a triac.

Observe the effect of AC voltages with basic triac operation.
Observe the effect of DC voltages with basic triac operation.
Understand the effects of triggering a triac with AC waveforms.

Recognize the PUT schematic symbol.
Describe the construction of PUT devices.
Describe the operation of PUT devices.
Identify PUT device applications.

* * * * D * * * * * *

16

702 - UNIJUNCTION TRANSISTOR OSCILLATOR OPERATION........cccovniirirnennsenins

Recognize normal operation of a UJT oscillator circuit and measure their waveforms.
703 - SCR TRIGGER CIRCUIT OPERATION.......cccciiiitrrinnsr s s ss e s sssnne s

704 - SCR POWER CONTROL OPERATION.......coooimnmrt e sse s sss e

705 - SCR CIRCUIT TROUBLESHOOTING EXPERIMENT .......ccoiiimiimrernne e

708 - PROGRAMMABLE UNIJUNCTION TRANSISTORS........cccconmnmninemesssnssnssn e

PC CARD
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MODEL 1403 ANALOG CIRCUITS continued

3801 - INTRODUCTION TO OPERATIONAL AMPLIFIERS. ..ot

*  Describe operational amplifiers.

*  Describe the types of circuits used in an operational amplifier.

*  Describe the basic construction of IC operational amplifiers.

*  Recognize difference operational amplifier circuits.

*  Describe basic operating characteristics of difference amplifiers.

802 - OPERATIONAL AMPLIFIER OPERATION ...

Describe the operating characteristics of operational amplifier circuits.
Identify the purpose of operational amplifier components.
Measure the input and output waveforms of operational amplifier circuits.

3
*  Identify operational amplifier circuits.
*  Recognize normal operation of operational amplifier circuits.

3803 - OPERATIONAL AMPLIFIER TROUBLESHOOTING EXPERIMENT .........ccocvniemnunnanns

*

Describe typical faults in Operational Amplifier Circuits and describe troubleshooting
procedures.

Recognize when an Operational Amplifier circuit is faulted.

Verify correct operation for a repaired op-amp circuit.

*

*

3804 - OPERATIONAL AMPLIFIER TROUBLESHOOTING PRACTICE .......cccocoimiirieennen,

*

Identify operational amplifier circuits.

*

*

List the primary functions of an AM receiver.
Describe the characteristics of an AM receiver.
Identify the basic functional blocks of an AM receiver.

*

*

3902 - AM RECEIVER OPERATION ...t s

*

Recognize AM Receiver circuits.

Describe the operating characteristics of AM Receiver Circuits.
Measure the input and output waveforms of AM receiver circuits.
Recognize normal operation of an AM receiver.

Describe the four-step method for troubleshooting electronic equipment.
Describe how the four-step method is applied to AM receivers.

Use the four-step method to troubleshoot a defective AM receiver.
Troubleshoot a defective AM receiver to a faulty circuit.

3
*
*
*
*

MODEL 1404 DIGITAL CIRCUITS

4101 - INTRODUCTION TO DIGITAL ELECTRONICS........cccimrmrnremenssnsss s sseessssannsas

Identify developments of digital electronics.

Describe the growth of computing equipment.

Identify uses of digital electronics.

Describe input and output conditions for digital circuits.
Identify the AND, OR, and NOT functions.

Recognize the digital truth table.

Recognize the AND, OR, and NOT Boolean equations.
Observe the operation of various digital gates.

Read a truth table.

Recognize HIGH and LOW outputs.

Define an integrated circuit.

Identify three forms of packaging an integrated circuit.
Identify markings associated with integrated circuits.
Identify integrated circuit functions.

Describe the purpose of a data book.

¥ 0% %k %k ok BOX X X Ok X X X X % F

Identify faulty operational amplifier circuit operation and determine the faulty component.
3901 - INTRODUCTION TO AM RECEIVERS ..........oiriirrrerceeerssssess s smsess s ssse s e s ssne s essssmnenas

903 - AM RECEIVER TROUBLESHOOTING..........ccoomimrrimnimnsnnsn s sssesssssans

102 - DIGITAL ELECTRONICS HARDWARE .......ccoiiiiimneninnn s sssssssssssnnnns

PC CARD
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MODEL 1404 DIGITAL CIRCUITS continued

4103 - BUFFERS AND INVERTERS ..o iiiicccirrrcse e s s e s s s e s s sss s ss s smn e s s smn e e e s smme e e s smnnnassnnas 106
Describe the purpose of a buffer.
Describe the purpose of an inverter.
Describe input threshold voltages.
Describe output threshold voltages.
Measure threshold voltages.
104 - DIGITAL TEST EQUIPMENT .......ooiiiiieircreresssmeeresssr e sesssme e s sssms e s snssn s e snsssne s sasssnsesenssnsesensnsesnns 112
Describe the purpose of a clock generator circuit.
Identify the signals produced by the clock generator.
Identify the basic components of a clock generator.
Describe the purpose of a logic probe.
Describe the basic operation of a logic probe.
Operate a simple clock generator circuit.
Operate a logic probe.
105 = 555 TIMER .......coiiieieiccces e rccce e s e s s e e s s sme s s s mn e s s s mn e e s s mn e e e s smne e e e ane e e e same e e snane e e e s smnenensnnens 153
Describe the purpose of the 555 Timer.
Describe the internal operation of the 555 Timer.
Describe the operation of a 555 Timer used for an Astable Multivibrator.
Describe the operation of a 555 Timer used for a Monostable Multivibrator.
Observe the operation of a 555 Timer circuit.
Operate a 555 Timer in Astable and Monostable Multivibrator configurations.
106 - INTRODUCTION TO INTEGRATED CIRCUITS .......ooiiierrecrrressmreressssse e s s ssme e s s ms e e s smsesssssmmenes --
Identify the different IC construction classifications.
Identify integration classifications.
Explain the construction of a basic IC.
Understand the various IC packaging arrays.
Identify basic IC packaging materials.
Identify various integrated components.
Interpret basic IC numbers.
Locate information on an IC using an IC data book.
107 - ELECTROSTATIC SENSITIVE DEVICES ........ocoocciiiiscrerisssreessssssressssseesssssssesssssssssssssnsssssssssessans --
Define an electrostatic sensitive device.
Describe the sources of electrostatic discharge and list its hazards to electronic components.
Identify the static-producing materials in the work area.
Explain the principles of static control and methods employed in developing static control
facilities.
Describe the special handling, identification, packaging, and protection requirements for
electrostatic sensitive devices.
4201 - AND GATES. ... ccieercceterrscseee s rs s s e rss s r e s s s s s e e e s s s ss s e e e s s ne e eassns e eassnneeesssaneneanneeeasssnnesnssnnenan 102,112
*  ldentify AND operation, logic symbols, and logic schematic representation.
Construct an AND gate truth table.
Identify input and output waveforms.
Measure input and output waveforms.
4202 - OR GATES .....cooiiceirircrrrrrs e e ress e e s sss s e s s s ssn e e e s s s s e e e e s sme e ea s me e e e s mseeasssmnenasnneneassnneesssnnnnnan 104,112
* Identify OR operation, logic symbols, and logic schematic representation.
Construct an OR gate truth table.
Identify input and output waveforms.
Measure input and output waveforms.
4203 - NOT GATES. ... cietrccetirrrct e rssss e e rs s s s e s s s ss e e e s s s sse s e ea s sn e e ea s ne e ea s mneeesssnnaneasnneeeassnnennsnnnnnan 106,112
* ldentify NOT operation, logic symbols, and logic schematic representation.
*  Construct a NOT gate truth table.
*  ldentify input and output waveforms.
*  Measure input and output waveforms.

* * * * * * * B * * * * *

4
*
*
*
*
*
*

4
*
*
*
*
*
*
*
*

4
*
*
*
*

*
*

*

*
*
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MODEL 1404 DIGITAL CIRCUITS continued

4204 - NAND GATES ...t s e an e s s

*  Identify NAND operation, logic symbols, and logic schematic representation.
*  Construct a NAND gate truth table.

*  Identify input and output waveforms.

*  Measure input and output waveforms.

4205 - NOR GATES..... oottt ss s s s s e e e e s a s s ne s

*  Identify NOR operation, logic symboils, and logic schematic representation.
*  Construct a NOR gate truth table.

*  Identify input and output waveforms.

Measure input and output waveforms.

*

4206 - XOR AND XNOR GATES ........co oo ccirrrririiicsemnrr e s s sssms s s e s e s s smne s s s s e s snssssmmnnssssssas
*  ldentify XOR and XNOR operation, logic symbols, and logic schematic representation.

*  Construct truth tables for XOR and XNOR gates.
* ldentify input and output waveforms of XOR and XNOR gates.
*  Measure the input and output waveforms of an XOR gate.

4207 - INTRODUCTION TO LOGIC FUNCTIONS. ..o ssss s

Identify AND operation and logic symbols.
Construct an AND gate truth table.
Identify input and output waveforms.
Identify OR operation and logic symbols.
Construct an OR gate truth table.

Identify input and output waveforms.

Define combinational logic.

Describe the uses of combinational logic.

Trace inputs through a combinational logic circuit.

Describe the universal property of the NAND gate.

Describe the universal property of the NOR gate.

Measure outputs in a combinational logic circuit.

Verify NAND gates performing AND, OR, and NOR functions.

Describe TTL logic.
Identify supply voltages.
Define fan-in and fan-out.
Define propagation delay.
Describe CMOS logic.
Describe ECL logic.
Describe IIL logic.

Recognize the decimal number system.
Recognize the binary number system.
Recognize the octal number system.
Recognize the hexadecimal number system.
Convert decimal numbers to binary numbers.
Convert binary numbers to decimal numbers.
Convert octal numbers to binary numbers.
Convert hexadecimal numbers to binary numbers.
Add binary numbers.

Subtract binary numbers.

Multiply binary numbers.

Divide binary numbers.

Observe binary to octal conversion.

Observe binary to decimal conversion.
Observe binary to hexadecimal conversion.

L S T T R R T -G I R S T I R - R T I R - I B

301 - INTRODUCTION TO COMBINATIONAL CIRCUITS ......coocoiiiirisrmnennssesssse e

302 - LOGIC FAMILIES. ..o s s s s s e

303 - NUMBER SYSTEMS .......ooiiiiiitiiiinnen s s ss s ssssssassssssssnssanes

PC CARD

........ 103,112

........ 105,112

........ 107,112

........ 103,112

........ 124,111
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MODEL 1404 DIGITAL CIRCUITS continued

4304 - BASE 10 TO BINARY CONVERSION........cccoiiiiririsinnin s sssss s sse s e 108

P O T TR 2 I S N G S )

*

*

*

440

Identify the purpose of a decimal encoder.

Identify a decimal-to-binary encoder circuit.
Predict the outputs of a decimal encoder.

Probe the outputs of a decimal encoder.
Recognize normal operation of a decimal encoder.

305 - BINARY TO SEVEN SEGMENT CONVERSION........cccconiiiimnimnenin s 109

Identify the purpose of a binary decoder.

Describe a seven-segment display.

Describe a binary-to-decimal seven-segment decoder circuit.
Predict the outputs of a binary decoder.

Probe the outputs of a binary decoder.

Recognize normal operation of a binary decoder.

306 - 4-BIT COMPARATOR......c it s am e s e an e 110

Identify the purpose of a comparator.
Describe a comparator circuit.

Apply binary codes to a 4-bit comparator.
Measure outputs from a 4-bit comparator.

401 - INTRODUCTION TO LATCHES AND FLIP-FLOPS. ... -

Identify the difference between a sequential circuit and a combinational circuit.
Recognize SET and RESET conditions.

Understand basic flip-flop operation.

Describe the operation of RS and RS latches.

Identify the RS and RS latch truth tables.

Describe the race condition in RS and RS latches.

2 S o | o 0 ] 113

Identify the purpose of an RS flip-flop.
Describe an RS flip-flop circuit.

Predict outputs of an RS flip-flop.

Probe the inputs and outputs of an RS flip-flop.
Recognize normal operation of an RS flip-flop.

403 - CLOCKED RS FLIP-FLOP .......ooiiiieiin i ss s s s an s ssn s s 128,111

Identify the purpose of a clocked RS flip-flop.
Describe a clocked RS flip-flop.

Predict outputs of a clocked RS flip-flop.

Probe the inputs and outputs of a clocked RS flip-flop.
Recognize normal operations of a clocked RS flip-flop.

00 4404 - D-TYPE FLIP-FLOP ...t s s s n e s s s same s 114,111

Identify the purpose of a D-type flip-flop.

Describe a D-type flip-flop circuit.

Predict the inputs and outputs of a D-type flip-flop.
Probe normal operation of a D-type flip-flop.
Recognize outputs of a D-type flip-flop.

Describe the JK flip-flop symbol and truth table.
Explain the operation of a JK flip-flop.

Develop a timing diagram for a JK flip-flop.
Predict the output of a JK flip-flop.

L T G o I | 10 115,111

20

Probe inputs and outputs of a JK flip-flop.
Recognize normal operation of a JK flip-flop.
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501 - INTRODUCTION TO REGISTERS AND MEMORY

4601 - INTRODUCTION TO ARITHMETIC COUNTING CIRCUITS

MODEL 1404 DIGITAL CIRCUITS continued

6 - MASTER SLAVE FLIP-FLOP........rrrrnnr e

Describe flip-flop level triggering.

Describe flip-flop edge triggering.

Describe flip-flop pulse triggering.

Identify the purpose of a master-slave flip-flop.
Recognize master-slave flip-flop circuits.

Predict the outputs of a master-slave flip-flop.

Probe the inputs and outputs of a master-slave flip-flop.
Recognize normal operation of a master-slave flip-flop.

Describe the terms data, bit, and byte.
Describe serial data transfer.
Describe parallel data transfer.
Identify the purpose of a register.
Describe storage and shift registers.

2 - 4 BIT STORAGE REGISTER ......ooiiiiiiriniristnntnnn s sssnens

Identify the purpose of a 4-bit storage register.
Recognize 4-bit storage register circuits.

Predict outputs of a 4-bit storage register.

Probe the inputs and outputs of a 4-bit storage register.
Recognize normal operation of a 4-bit storage register.

3 -4 BIT SHIFT REGISTER. ..ot ssss s s s

Identify the purpose of a 4 bit shift register.
Describe right and left shifts.

Recognize 4 bit shift register circuits.

Predict outputs of a 4 bit shift register.

Probe the inputs and outputs of a 4 bit shift register.
Recognize normal operation of a 4 bit shift register.

4 - 8 BIT SHIFT REGISTER ...ttt

Identify the purpose of an 8 bit shift register.

Describe synchronous and asynchronous data transfer.
Recognize 8 bit shift register circuits.

Predict the outputs of an 8 bit shift register.

Probe the inputs and outputs of an 8 bit shift register.

Recognize normal synchronous and asynchronous operation of an 8 bit shift register.
5-64 BIT MEMORY CIRCUIT ......cccooierirmrereassmrrresssmeesssssmsesessssme s ssssmsssssssmsesssssmnees

Identify the purpose of a 64 bit memory circuit.

Describe word, address, read, write, RAM, ROM volatile, and nonvolatile.

Recognize 64 bit memory circuits.

Predict outputs of a 64 bit memory circuit.

Probe the outputs of a 64 bit memory circuit.
Recognize normal operation of a 64 bit memory circuit.

Identify the purpose of a counter.

Describe modulus.

Recognize basic synchronous and asynchronous counter circuits.
Describe how a counter divides and is used as a timing circuit.
Identify the purpose of an adder.

Describe how adders are used in addition, multiplication, subtraction, and division.

PC CARD
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................... 127,111
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MODEL 1404 DIGITAL CIRCUITS continued

4602 - RIPPLE COUNTER ...ttt s s

Identify the purpose of a ripple counter.

Describe a basic ripple counter circuit.

Recognize ripple counter circuits with different moduli.
Predict outputs of a ripple counter.

Probe the outputs of a ripple counter.

Recognize normal operation of a ripple counter.

Identify the purpose of an up counter.

Describe a basic up counter circuit.

Recognize free run and single step circuits of an up counter.
Predict the outputs of an up counter.

Probe the outputs of an up counter.

Recognize normal operation of an up counter.

* * * * * * B * * * * * *

4604 - DOWN COUNTER ...ttt s s s s s nnn s

Identify the purpose of a down counter.

Describe a basic down counter circuit.

Recognize free run and single step circuits of a down counter.
Predict the outputs of a down counter.

Probe the outputs of a down counter.

Recognize normal operation of a down counter.

Identify the purpose of a 4-bit adder.

Describe adder circuits.

Recognize serial and parallel full adder circuits.
Predict the outputs of a 4-bit adder.

Probe the outputs of a 4-bit adder.

Recognize normal operation of a 4-bit adder.

4
*  ldentify the purpose of a 4-bit subtractor.

*  Describe two's complement.

*  Recognize serial and parallel full subtractor circuits.

*  Predict the outputs of a 4-bit subtractor.

*  Probe the outputs of a 4-bit subtractor.

*  Recognize normal operation of a 4 bit subtractor.

Identify the purpose of conversion circuits.

Recognize basic A/D and D/A circuits.

Identify the purpose of data circuits.

Recognize basic data selector and data distributor circuits.

4701 - INTRODUCTION TO CONVERSION AND DATA CIRCUITS .......cccccvveriennnanne

Identify the purpose of D/A conversion circuits.

Recognize binary weighted D/A converter circuits.

Recognize R/2R ladder D/A converter circuits and describe resolution.
Predict and measure the outputs of a R/2R ladder D/A converter.

4
*
*
*
*

703 - DATA SELECTOR CIRCUITS. ...t

4
*  Identify the purpose of data selector circuits.
*  Recognize data selector circuits.

*  Predict the outputs of a data selector circuit.

*  Measure the outputs of a data selector circuit.

*  Recognize normal operation of a data selector circuit.
Identify the purpose of data distributor circuits.
Recognize data distributor circuits.

Predict the outputs of a data distributor circuit.

Measure the outputs of a data distributor circuit.
Recognize normal operation of a data distributor circuit.

4
*
*
*
*
*
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603 - UP COUNTER .......eiiiiicimnnnnnnnicisnen s s

4605 - 4 BIT ADDER ...ttt e e

606 - 4 BIT SUBTRACTOR ...t s

702 - D/A CONVERSION .......oiiiiiritmnir it e

704 - DATA DISTRIBUTOR CIRCUITS. ..o sssnennns
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4A01 - INTRODUCTION TO DIGITAL ELECTRONICS

L S T T -G R R S R - T R R I N
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A02 - DIGITAL ELECTRONICS HARDWARE

A03 - DIGITAL TEST EQUIPMENT

A04 - INTRODUCTION TO INTEGRATED CIRCUITS

A05 - ELECTROSTATIC SENSITIVE DEVICES

B01 - BUFFERS AND INVERTERS/NOT GATES

B02 - AND GATES
Identify AND operation, logic symbols, and logic schematic representation.

MODEL 2105 DIGITAL-I CIRCUITS

Identify developments of digital electronics.

Describe the growth of computing equipment.

Identify uses of digital electronics.

Describe input and output conditions for digital circuits.
Identify the AND, OR, and NOT functions.

Recognize the digital truth table.

Recognize the AND, OR, and NOT Boolean equations.
Observe the operation of various digital gates.

Read a truth table.

Recognize HIGH and LOW outputs.

Define an integrated circuit.

Identify three forms of packaging an integrated circuit.
Identify markings associated with integrated circuits.
Identify integrated circuit functions.

Describe the purpose of a data book.

Describe the purpose of a clock generator circuit.
Identify the signals produced by the clock generator.
Identify the basic components of a clock generator.
Describe the purpose of a logic probe.

Describe basic operation of a logic probe.

Operate a simple clock generator circuit.

Operate a logic probe.

Identify the different IC construction classifications.
Identify Integration Classifications.

Explain the construction of a basic IC.

Understand the various IC packaging arrays.
Identify basic IC packaging materials.

Identify various integrated components.

Interpret basic IC numbers.

Locate information on an IC using an IC Data Book.

Define an electrostatic sensitive device.

PC CARD

Describe the sources of electrostatic discharge and list its hazards to electronic components.

Identify the static producing materials in the work area.

Explain the principles of static control and methods employed in developing static control facilities.

Describe the special handling, identification, packaging and protection requirements for

electrostatic sensitive devices.

Describe the purpose of a buffer.

Describe the purpose of an inverter.

Describe input threshold voltages.

Describe output threshold voltages.

Examine the purpose of an inverter/NOT gate.

Identify input and output waveforms for an inverter/NOT gate.
Construct an inverter/NOT gate truth table.

Construct an AND gate truth table.
Identify input to output waveform relationship.
Measure input to output waveform relationship.
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4B03 - OR GATES

*

*

*

*

4B04 - NAND GATES

*

*

*

*

4B05 - NOR GATES

*

*

*

*

4B06 - XOR AND XNOR GATES.......cccoismririmsimnssssnssssssssssss s ssss s s ssssssss s s s ssesns
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B07 - DIGITAL AND ANALOG SWITCH

C01 - INTRODUCTION TO COMBINATIONAL CIRCUITS

C02 - LOGIC FAMILIES

MODEL 2105 DIGITAL-I CIRCUITS continued

Identify OR operation and logic symbols.
Construct an OR gate truth table.

Identify input and output waveform relationship.
Measure input and output waveform relationship.

Identify NAND operation and logic symbols.
Construct a NAND gate truth table.

Identify input to output waveform relationship.
Measure input to output waveform relationship.

Identify NOR operation and logic symbols.

Construct a NOR gate truth table.

Identify NOR input to output waveform relationship.
Measure NOR input to output waveform relationship.

Identify XOR and XNOR operation.

Identify XOR and XNOR logic symbols.

Construct truth tables for XOR and XNOR gates.

Identify XOR and XNOR input to output waveform relationship.
Measure XOR input to output waveform relationship.

Measure XNOR input to output waveform relationship.

Compare the digital and analog switch to other switching methods.
Discuss the theory for digital and analog switch operation.
Identify the operation parameters of the digital and analog switch.

Analyze the digital and analog switch in SPST, SPDT, DPST, and DPDT configurations.

Review practical applications for the digital and analog switch.

Reinforce the operation of digital and analog switches through experimentation.
Probe and confirm all test points in the digital and analog switch circuit.
Troubleshoot the digital and analog switch circuit.

Define combinational logic.

Describe the uses of combinational logic.

Trace inputs through a combinational logic circuit.
Describe the universal property of the NAND gate.
Describe the universal property of the NOR gate.

Describe TTL logic.
Identify supply voltage.
Define fan-in and fan-out.
Define propagation delay.
Describe CMOS logic.
Describe ECL logic.
Describe IIL logic.
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4C03 - NUMBER SYSTEMS
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4D02 RS FLIP-FLOP

*

*

*

*

oo 4D03 D-TYPE FLIP-FLOP

*  * Ok *

C04 - BASE 10 TO BINARY CONVERSION

CO05 - BINARY TO DECIMAL CONVERSION

D01 - INTRODUCTION TO LATCHES AND FLIP-FLOPS

MODEL 2105 DIGITAL-I CIRCUITS continued

Recognize the Decimal number system.
Recognize the Binary number system.
Recognize the Octal number system.
Recognize the Hexadecimal number system.
Convert decimal numbers to binary numbers.
Convert binary numbers to decimal numbers.
Convert octal numbers to binary numbers.
Convert hexadecimal numbers to binary numbers.
Add binary numbers.

Subtract binary numbers.

Multiply binary numbers.

Divide binary numbers.

Identify the purpose of a decimal encoder.

Identify a decimal-to-binary encoder circuit.
Predict the outputs of a decimal encoder.

Probe the outputs of a decimal encoder.
Recognize normal operation of a decimal encoder.

Identify the purpose of a binary decoder.

Describe a seven-segment display.

Describe a binary to LED decimal decoder circuit.

Describe a binary to decimal seven-segment decoder circuit.

Predict the inputs and outputs of a BCD to discrete decimal decoder.
Examine the inputs and outputs of a BCD to discrete decimal decoder.
Recognize normal operation of a BCD to discrete decimal decoder.
Predict the inputs and outputs of a BCD to seven-segment decoder.
Examine the inputs and outputs of a BCD to seven-segment decoder.
Recognize normal operation of a BCD to seven-segment decoder.

Identify the difference between a sequential and a combinational circuit.
Recognize a SET and RESET condition.
Understand basic flip-flop operation.

Describe the operation of RS and RS latches.
Identify the RS and RS latch truth table.
Describe the race condition in the RS and RS latch.

Identify the purpose of an RS flip-flop.
Describe an RS flip-flop circuit.

Predict the outputs of the RS and RS flip-flops.
Verify the inputs and outputs of the RS and RS flip-flops.
Understand the basic principles of the RS and RS flip-flops.

Identify the purpose of a D-Type flip-flop.
Describe a D-Type flip-flop circuit.

Predict inputs and outputs of a D-Type flip-flop.
Probe the inputs and outputs of a D-Type flip-flop.
Recognize outputs of a D-Type flip-flop.

PC CARD
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MODEL 2105 DIGITAL-I CIRCUITS continued

4D04 - JK FLIP-FLOP ...ttt s s s e s s s

Describe the JK flip-flop symbol and truth table.
Explain the operation of a JK flip-flop.

Develop a timing diagram for a JK flip-flop.
Predict the inputs and outputs of a JK flip-flop.
Probe the inputs and outputs of the JK flip-flop.
Recognize the outputs of the JK flip-flop.

Describe the terms data, bit, and byte.
Describe serial data transfer.
Describe parallel data transfer.
Identify the purpose of a register.
Describe storage and shift registers.

Identify the purpose of a 4-bit shift register.
Recognize 4-bit shift register circuits.

Predict the output of a serial shift register.

Examine inputs and outputs of a serial shift register.
Recognize normal operation of a serial shift register.

Identify the purpose of a 4-bit shift register.

Describe shift right and shift left.

Recognize 4-bit shift register circuits.

Predict the output of a parallel shift register.

Probe the inputs and outputs of a parallel shift register.
Recognize normal operation of a parallel shift register.

L S ST - I -G S R I -

o0 4E04 - 64-BIT MEMORY CIRCUIT ....cooiiiiinrirntr s s sane s

Identify the purpose of a 64-bit memory circuit.

Describe word, address, read, write, RAM, ROM, volatile, and nonvolatile.
Recognize 64-bit memory circuits.

Reinforce the operation of memory through experimentation.

Probe all test points in the memory circuit.

Troubleshoot the memory circuit.

FO01 - INTRODUCTION TO ARITHMETIC COUNTING CIRCUITS ........ccocnimninrinniennenans

Identify the purpose of a counter.

Describe Modulus.

Recognize basic synchronous and asynchronous counter circuits.
Describe how a counter divides and is used as a timing circuit.
Identify the purpose of an adder.

4
*  Describe how adders are used in addition, multiplication, subtraction, and division.
4F02 - RIPPLE COUNTER........ooiiiieeiccree e e s s sce s s s seme e s ssme s s e e e e e s smn e e e smn e e
4

Identify the purpose of a ripple counter.

Describe a basic ripple counter circuit.

Recognize various modulus ripple counter circuits.

Predict the inputs and outputs of the ripple and decade counters.
Probe the inputs and outputs of the ripple and decade counters.
Recognize normal operation of the ripple and decade counters.

FO3 - BINARY UP COUNTER ......oiciiirictitn i ssss s s san s ssnn s

Identify the purpose of an up counter.

Describe a basic up counter circuit.

Recognize free run and single step circuits of an up counter.
Understand the operation of the up counter.

Predict the inputs and outputs of the up counter.

26

EO01 - INTRODUCTION TO REGISTERS AND MEMORY ........ccocciimiimninimnisnsnnannsnnans

E02 - SERIAL SHIFT REGISTERS........oo i

E03 - PARALLEL SHIFT REGISTERS ........coooiiirnnniinin s
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MODEL 2105 DIGITAL-I CIRCUITS continued

¢ 4F04 - BINARY DOWN COUNTER .......oiiiiimnimninininisssssan s ssss s s s s s s s s snnsns 2412

Identify the purpose of a down counter.

Describe a basic down counter circuit.

Recognize free run and single step circuits of a down counter.

Predict the inputs and outputs of a down counter.

Recognize normal operation of a down counter.

4F05 - 4-BIT ADDER .......coo oo eieiiccereessssee e sssssr e sssssss e sssssss e s e s ss s e e s s ssnn e eassmneeasssnnenesssnnenessssnnssssnnennssssnnens 2426
*  Identify the purpose of a 4-bit adder.

* * * *

Describe adder circuits.
Recognize serial and parallel full adder circuits.
Recognize the normal operation of the 4-bit adder circuit.
Predict the output of the 4-bit adder.
Confirm the output of the 4-bit adder circuit.
FO6 - 4-BIT SUBTRAGCTOR......coiiiiiir i irmr s s s s s s sms s s s an s s ssans s s s samn s s s s s smn e s snmnassennnns 2426
Identify the purpose of a 4-bit subtractor.
Describe two's complement.
Recognize serial and parallel full subtractor circuits.
Predict outputs of a 4-bit subtractor circuit.
Probe the outputs of a 4-bit subtractor circuit.
Recognize normal operation of a 4-bit subtractor circuit.
G01 - INTRODUCTION TO CONVERSION AND DATA CIRCUITS........ccocmrircmrrrrrsemersssssme e e smee s s sssmneeas --
Identify the purpose of conversion circuits.
Recognize basic A/D and D/A circuits.
Identify the purpose of data circuits.
Recognize basic data selector and data distributor circuits.
4G02 - D/A CONVERSION .......coiceiierrremrerrnsmressnsssne e sesssse e ssssmsessssssnesenss 2430/2432 (130E), 2430 (TD2000)
* ldentify the D/A conversion process.

* 0k ok kX % BN

4
*
*
*
*

Analyze 8-bit D/A circuitry.

Troubleshoot the D/A circuit.

Analyze tri-state devices.

Troubleshoot tri-state circuitry.
4G03 - A/D CONVERSION ......cocoiiiiriinrirsirsssms s sssss s s s s sss s s s s ms e sn s s as s n e s ms s s e e s s ms snmmassmnsassnas 2432
*  ldentify the A/D conversion process.

Analyze 8-bit A/D circuitry.
*  Troubleshoot the A/D circuit.

MODEL 2404 DIGITAL CIRCUITS

4101 - INTRODUCTION TO DIGITAL ELECTRONICS..........ccoiiirinmrnrsrsms s ssssss s s ssssssmsssnes 101
Identify developments of digital electronics.
Describe the growth of computing equipment.
Identify uses of digital electronics.
Describe input and output conditions for digital circuits.
Identify the AND, OR, and NOT functions.
Recognize the digital truth table.
Recognize the AND, OR, and NOT Boolean equations.
Observe the operation of various digital gates.
Read a truth table.
Recognize HIGH and LOW outputs.
102 - DIGITAL ELECTRONICS HARDWARE ...t irire s s s mn e s s smnn s s emn --
Define an integrated circuit.
Identify three forms of integrated circuit packaging.
Identify markings associated with integrated circuits.
Identify integrated circuit functions.
Describe the purpose of a data book.

* * * * * B * * * * * * * * * *
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MODEL 2404 DIGITAL CIRCUITS continued

4103 - BUFFERS AND INVERTERS ..ot

Describe the purpose of a buffer.
Describe the purpose of an inverter.
Describe input threshold voltages.
Describe output threshold voltages.
Measure threshold voltages.

Describe the purpose of a clock generator circuit.
Identify the signals produced by the clock generator.
Identify the basic components of a clock generator.
Describe the purpose of a logic probe.

Describe basic operation of a logic probe.

Operate a simple clock generator circuit.

Operate a logic probe.

Describe the purpose of the 555 timer.

Describe the internal operation of the 555 timer.

Describe the operation of a 555 timer used as an astable multivibrator.
Describe the operation of a 555 timer used as a monostable multivibrator.
Observe the operation of a 555 timer circuit.

Identify the different IC construction classifications.
Identify integration classifications.

Explain the construction of a basic IC.

Understand the various IC packaging arrays.
Identify basic IC packaging materials.

Identify various integrated components.

Interpret basic IC numbers.

Locate information on an IC using an IC data book.

Define an electrostatic sensitive device.

Identify the static-producing materials in the work area.

L B B - R R N S I -G R R I -~ R . S S T S R I R

sensitive devices.

4201 - AND GATES. ... s e e

*  Identify AND operation, logic symbols, and logic schematic representation.
*  Construct an AND gate truth table.

*  Identify input and output waveforms.

Measure input and output waveforms.

*

4202 - OR GATES ...t

*  Identify OR operation, logic symbols, and logic schematic representation.
*  Construct an OR gate truth table.

*  ldentify input and output waveforms.

*  Measure input and output waveforms.

4203 - NOT GATES. ...t s a e s s e

* Identify NOT operation, logic symbols, and logic schematic representation.
Construct a NOT gate truth table.

Identify input and output waveforms.

Measure input and output waveforms.

*
*
*

28

104 - DIGITAL TEST EQUIPMENT .....cooimiiririmimnssnsnssn s ssss s s sssn s ssssssness

105 = 555 TIMER ... e

Operate a 555 timer in astable and monostable multivibrator configurations.
106 - INTRODUCTION TO INTEGRATED CIRCUITS.......ccccoimirmmrrerisnrs e e

107 - ELECTROSTATIC SENSITIVE DEVICES.........ccccoimiiirininicennnneneeeens

PC CARD

Describe the sources of electrostatic discharge and list its hazards to electronic components.

Explain the principles of static control and methods employed in developing static control facilities.
Describe the special handling, identification, packaging, and protection requirements for electrostatic

................. 102,112

................. 104,112

................. 106,112



MODEL 2404 DIGITAL CIRCUITS continued

4204 - NAND GATES ...ttt s s e s a s as e ame s

*

Identify NAND operation, logic symbols, and logic schematic representation.
*  Construct a NAND gate truth table.

*  Identify input and output waveforms.

Measure input and output waveforms.

*

4205 - NOR GATES......ooiiiriiiir s sa s s s m e s e s e s e e n e

* Identify NOR operation, logic symboils, and logic schematic representation.
*  Construct a NOR gate truth table.

*  Identify input and output waveforms.

Measure input and output waveforms.

*

4206 - XOR AND XNOR GATES ........ooiiimnimiiimninnsr s sssss s s ss s ssns s

*

Identify XOR and XNOR operation, logic symbols, and logic schematic representation.
*  Construct truth tables for XOR and XNOR gates.

* Identify input and output waveforms of XOR and XNOR gates.

Measure the input and output waveforms of an XOR gate.

*

4BO7 DIGITAL AND ANALOG SWITCHES .......ooociimrriinnen s ssssssassnns

Compare the digital and analog switch to other switching methods.
Discuss the theory for digital and analog switch operation.
Identify the operation parameters of the digital and analog switch.

Review practical applications for the digital and analog switch.

Reinforce the operation of digital and analog switches through experimentation.
Probe and confirm all test points in the digital and analog switch circuit.
Troubleshoot the digital and analog switch circuit.

Identify AND operation and logic symbols.
Construct an AND gate truth table.
Identify input and output waveforms.
Identify OR operation and logic symbols.
Construct an OR gate truth table.

Identify input and output waveforms.

Define combinational logic.

Describe the uses of combinational logic.

Trace inputs through a combinational logic circuit.

Describe the universal property of the NAND gate.

Describe the universal property of the NOR gate.

Measure outputs in a combinational logic circuit.

Verify NAND gates performing AND, OR, and NOR functions.

Describe TTL logic.
Identify supply voltage.
Define fan-in and fan-out.
Define propagation delay.
Describe CMOS logic.
Describe ECL logic.
Describe IIL logic.

R T T S T G R ST S GRS R R O T T T T S

Analyze the digital and analog switch in SPST, SPDT, DPST, and DPDT configurations.

207 - INTRODUCTION TO LOGIC FUNCTIONS..........rririe e

301 - INTRODUCTION TO COMBINATIONAL CIRCUITS ...

302 - LOGIC FAMILIES........oooiieierienirii s sss s s s s s s sa s s sssssssn s smssanas

PC CARD
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4303 - NUMBER SYSTEMS
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304 - BASE 10 TO BINARY CONVERSION

305 - BINARY TO SEVEN SEGMENT CONVERSION

306 - 4-BIT COMPARATOR

401 - INTRODUCTION TO LATCHES AND FLIP-FLOPS
Identify the difference between a sequential circuit and a combinational circuit.

2 - RS FLIP-FLOP

MODEL 2404 DIGITAL CIRCUITS continued

Recognize the decimal number system.
Recognize the binary number system.
Recognize the octal number system.
Recognize the hexadecimal number system.
Convert decimal numbers to binary numbers.
Convert binary numbers to decimal numbers.
Convert octal numbers to binary numbers.
Convert hexadecimal numbers to binary numbers.
Add binary numbers.

Subtract binary numbers.

Multiply binary numbers.

Divide binary numbers.

Observe binary to octal conversion.

Observe binary to decimal conversion.
Observe binary to hexadecimal conversion.

Identify the purpose of a decimal encoder.

Identify a decimal-to-binary encoder circuit.
Predict the outputs of a decimal encoder.

Probe the outputs of a decimal encoder.
Recognize normal operation of a decimal encoder.

Identify the purpose of a binary decoder.

Describe a seven-segment display.

Describe a binary-to-decimal seven-segment decoder circuit.
Predict the outputs of a binary decoder.

Probe the outputs of a binary decoder.

Recognize normal operation of a binary decoder.

Identify the purpose of a comparator.
Describe a comparator circuit.

Apply binary codes to a 4-bit comparator.
Measure outputs from a 4-bit comparator.

Recognize SET and RESET conditions.
Understand basic flip-flop operation.

Describe the operation of RS and RS latches.
Identify the RS and RS latch truth tables.
Describe the race condition in RS and RS latches.

Identify the purpose of an RS flip-flop.
Describe an RS flip-flop circuit.

Predict the outputs of an RS flip-flop.

Probe the inputs and outputs of an RS flip-flop.
Recognize normal operation of an RS flip-flop.

PC CARD
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4403 - CLOCKED RS FLIP-FLOP

L D B G N R N - S R R O R R R - R S S S O - S T I I S S I S -G

404 - D-TYPE FLIP-FLOP

405 - JK FLIP-FLOP

406 - MASTER-SLAVE FLIP-FLOP

501 - INTRODUCTION TO REGISTERS AND MEMORY

502 - 4-BIT STORAGE REGISTER

EO2 - SERIAL SHIFT REGISTERS

E03 - PARALLEL SHIFT REGISTERS

MODEL 2404 DIGITAL CIRCUITS continued

Identify the purpose of a clocked RS flip-flop.
Describe a clocked RS flip-flop circuit.

Predict outputs of an RS flip-flop.

Probe the inputs and outputs of a clocked RS flip-flop.
Recognize normal operations of a clocked RS flip-flop.

Identify the purpose of a D-type flip-flop.
Describe a D-type flip-flop circuit.

Predict inputs and outputs of a D-type flip-flop.
Probe the normal operation of a D-type flip-flop.
Recognize outputs of a D-type flip-flop.

Describe the JK flip-flop symbol and truth table.
Explain the operation of a JK flip-flop.

Develop a timing diagram for a JK flip-flop.
Predict the output of a JK flip-flop.

Probe inputs and outputs of a JK flip-flop.
Recognize normal operation of a JK flip-flop.

Describe flip-flop level triggering.

Describe flip-flop edge triggering.

Describe flip-flop pulse triggering.

Identify the purpose of a master-slave flip-flop.
Recognize master-slave flip-flop circuits.

Predict the outputs of a master-slave flip-flop.

Probe the inputs and outputs of a master-slave flip-flop.
Recognize normal operation of a master-slave flip-flop.

Describe the terms data, bit, and byte.
Describe serial data transfer.
Describe parallel data transfer.
Identify the purpose of a register.
Describe storage and shift registers.

Identify the purpose of a 4-bit storage register.
Recognize 4-bit storage register circuits.

Predict the outputs of a 4-bit storage register.

Probe the inputs and outputs of a 4-bit storage register.
Recognize normal operation of a 4-bit storage register.

Identify the purpose of a 4-bit shift register.
Recognize 4-bit shift register circuits.

Predict the output of a serial shift register.

Examine inputs and outputs of a serial shift register.
Recognize normal operation of a serial shift register.

Identify the purpose of a 4-bit shift register.

Describe shift right and shift left.

Recognize 4-bit shift register circuits.

Predict the output of a parallel shift register.

Probe the inputs and outputs of a parallel shift register.
Recognize normal operation of a parallel shift register.

PC CARD
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MODEL 2404 DIGITAL CIRCUITS continued

4E04 - 64-BIT MEMORY CIRCUIT........cooiiiiiicieiicsceensscsmeesssssssessssssse s s s ssme e s ssssmsssssssmsasssssnsasssssanensssnnenes 2428
Identify the purpose of a 64-bit memory circuit.
Describe word, address, read, write, RAM, ROM, volatile and nonvolatile.
Recognize 64-bit memory circuits.
Reinforce the operation of memory through experimentation.
Probe all test points in the memory circuit.
Troubleshoot the memory circuit.
601 - INTRODUCTION TO ARITHMETIC COUNTING CIRCUITS.........cccoiierrrrnre s sssssee s --
Identify the purpose of a counter.
Describe modulus.
Recognize basic synchronous and asynchronous counter circuits.
Describe how a counter divides and is used as a timing circuit.
Identify the purpose of an adder.
Describe how adders are used in addition, multiplication, subtraction, and division.
602 - RIPPLE COUNTER .......coiiiiicrerisssrerssssssessssssneesssssmsesssssssesssssssessssssnenssssnnsssasssnsesssssnnenssssnnnnss 116,111
Identify the purpose of a ripple counter.
Describe a basic ripple counter circuit.
Recognize ripple counter circuits with different moduli.
Predict the outputs of a ripple counter.
Probe the outputs of a ripple counter.
Recognize normal operation of a ripple counter.
603 - UP COUNTER .......ceiiiiicctiriscssetesssssr e sssssss e s ssssss e s sss s s e e s s mn e sessmn e eeassanenesssnnneeassnnenssssnnenssnnnnnan 131,111
Identify the purpose of an up counter.
Describe a basic up counter circuit.
Recognize free run and single step circuits of an up counter.
Predict the outputs of an up counter.
Probe the outputs of an up counter.
Recognize normal operation of an up counter.
604 - DOWN COUNTER...........ooiiieieieccreresserersssssse s sssssse s e s s ssne e ee s smn e sesssmn e s e s smm e e eassnmenessssmnenassnnnnas 132,111
Identify the purpose of a down counter.
Describe a basic down counter circuit.
Recognize free run and single step circuits of a down counter.
Predict the outputs of a down counter.
Probe the outputs of a down counter.
Recognize normal operation of a down counter.
605 - 4-BIT ADDER ........coiiiiiccririscserrsssssressssssresssssssessssssnensssssssesasssnsesasssnnenssssnsenssssansesssssnnessssnnenss 121,111
Identify the purpose of a 4-bit adder.
Describe adder circuits.
Recognize serial and parallel full adder circuits.
Predict the outputs of a 4-bit adder.
Probe the outputs of a 4-bit adder.
Recognize normal operation of a 4-bit adder.
606 - 4-BIT SUBTRACTOR.......coocciiriiieie it ssssr s sssss s s sss s ss s s se s e s s s mn s s e s mn e s en s mnn e sassnnnnas 122,111
Identify the purpose of a 4-bit subtractor.
Describe two's complement.
Recognize serial and parallel full subtractor circuits.
Predict the outputs of a 4-bit subtractor.
Probe the outputs of a 4-bit subtractor.
Recognize normal operation of a 4-bit subtractor.
G01 - INTRODUCTION TO CONVERSION AND DATA CIRCUITS .......ooiiiicrerrrcmeerenssmeeres e e sensmeeeeenas --
Identify the purpose of conversion circuits.
Recognize basic A/D and D/A circuits.
Identify the purpose of data circuits.
Recognize basic data selector and data distributor circuits.
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MODEL 2404 DIGITAL CIRCUITS continued

4G02 - D/A CONVERSION........ccceiicerircrcee s scsscee s smne s s smne e s smne s e s snnns 2430/2432 (130E), 2430 (TD2000)
Identify the D/A conversion process.
Analyze 8-bit D/A circuitry.
Troubleshoot the D/A circuit.
Analyze tri-state devices.
Troubleshoot tri-state circuitry.
GO03 - A/D CONVERSION.......cooiiierirrcmerressmee s s e e s sssme e s sssme e s ssssms e e s s s me e s ssssmnenessmnenssssmnesssssnnessssnnens 2432
Identify the A/D conversion process.
Analyze 8-bit A/D circuitry.
Troubleshoot the A/D circuit.
703 - DATA SELECTOR CIRCUITS .......ooiiiiicierrscnrerssssssessssssnsssssssnssssssssessssssssssssssnsssssssmsesssssnnens 133,112
Identify the purpose of data selector circuits.
Recognize data selector circuits.
Predict the outputs of a data selector circuit.
Measure the outputs of a data selector circuit.
Recognize normal operation of a data selector circuit.
704 - DATA DISTRIBUTOR CIRCUITS ......ccccieriierrrrrssmeerssssssesssssmsesssssssessssssnsnsssssmsesssssmsesssssnsees 134,112
Identify the purpose of data distributor circuits.
Recognize data distributor circuits.
Predict the outputs of a data distributor circuit.
Measure the outputs of a data distributor circuit.
Recognize normal operation of a data distributor circuit.

B I T S N O R O . I

MODEL 1413 CIRCUIT CONSTRUCTION

T501 - CIRCUIT BREADBOARDING........cooi i cierircceersssmeessssmsesssssmsesssssmse s s s smme e sssssmeesssssmensssssmeesssssnees 130X
*  Describe soldering and breadboarding method of circuit construction.
*  Describe the Nida Series 130 Experiment Card PC130X
*  Describe how to construct a simple series circuit using PC130X.
* Insert and remove a component from the PC130X breadboard card.
T502 - DC CIRCUIT CONSTRUCTION ........cccciieicccesircsce s s s ssse s s s ssme e s s sme e s s me e s s s mn e e s s smn e s s s smnenessnnnens 130X
*  Construct a series circuit.
Verify series circuit operation.
Construct a parallel circuit.
Verify parallel circuit operation.
Construct a series-parallel circuit.
Verify series-parallel circuit operation.
Construct a circuit using various components.
Verify circuit operation.
503 - AC CIRCUIT CONSTRUCTION.........ccoiceiiriiimrrrrrsmre s ssssme e s ssssms s ssssss e s ssssans s s s sams s s ssssmss s ssssmsessnssns 130X
Construct an AC circuit.
Verify AC circuit operation.
504 - ANALOG CIRCUIT CONSTRUCTION .......coccoiieiiicnrersscsneessssssseesssssssesssssssesssssssesssssnsessssssnsensans 130X
Construct an analog circuit.
Verify analog circuit operation.
T505 - DIGITAL CIRCUIT CONSTRUCTION.........cccctiticrmrersasmresssssssesssssssessssssnsesssssnsesssssnsesssssnnesssssnnes 130X
Construct a digital circuit.
Verify digital circuit operation.
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MODEL 1449 WIRING

1601 PCB COMPONENT INSERTION/EXTRACTION TECHNIQUES ..........cccooiiiirmnrennrs s --
Identify the general characteristics of PC Boards.
Identify several connection methods used on PC Boards.
Identify the general techniques for inserting components into printed circuit boards.
Identify common faults which may occur when installing components on printed circuit boards.
Identify the general techniques for extracting components from printed circuit boards.
Identify general techniques for repairing printed circuit board traces and pads.
1602 - BASIC SOLDERING TECHNIQUES ...........ccoiiiiininiin s ssss s s s ss s s s ss s ssssms snsnsnsns --
*  Identify different types of solder.
*  Identify different types of flux.
*  Be able to select the correct soldering iron for a particular task.

* * * * *

State the proper method of wire preparation for soldering.
State how to make a "Western Union" wire splice.
Identify different types of wire terminals and their connection methods.
Reemphasize the methods for making reliable solder connections.
Describe how to correct poor solder connections.
1603 - BASIC CONNECTOR TERMINATION TECHNIQUES ..........cccoiiitriiirr e sses s --
* Introduce the student to standard wire gauges.
*  Show the common types of wire and cable.
* Introduce the typical uses of common wire and cable types.
*  Introduce the student to basic connector termination techniques.
*  Show the correct method of terminating banana plugs, crimp connectors, and BNC connectors.
*  Develop the skills required to effect routine repairs to electronic equipment.
1604 - BASIC WIRE WRAPPING TECHNIQUES ...........oiiiiieriscre e rrcsse e ssssme s s s sms e s sssms e s smne e sssmnn e nnnsnns --
*  Introduce wire wrapping terminology.
*  Describe common types of wire wraps.
*  Introduce common wire wrap tools.
*  Describe the characteristics of good wire wrap connections.
*  Describe the procedure for making good wire wrap connections.
*  Recognize common wire wrapping faults.
1605 - BASIC WIRING AND CONNECTOR TROUBLESHOOTING THEORY .......cccccsvicmierrrcneeesscnneessnnnns --
*  Follow a logical troubleshooting procedure.
*  Describe open circuit measurements.
*  Describe short circuit measurements.
*  Describe changed value measurements.
*  Understand cable and connector labeling.
*  Describe how to make continuity checks of shielded and unshielded cables.
1606 WIRE TROUBLESHOOTING .........ciiiiicrerreeeeressmresessssne s sssssme e esssms e sesssmme s essssmensssssmeenas wW1,wW2,w3
Determine if a wire is open and identify which wire is open using continuity checks.
Determine if a wire is shorted and identify which wire is shorted using continuity checks.
Determine if a wiring circuit has a changed value and identify the component that has
changed value using continuity checks.
Find an open and short using voltage and current measurements.

*

*

MODEL 2010 ELECTRONICS TECHNOLOGY

S$201 - INTRODUCTION TO ELECTRONICS TECHNOLOGY ......cooiiieierrrrcmeerrssmrersssmsesssssmsesssssmnsssssssnes --
*  Define the terms electricity and electronics.

Identify how electronics affects your daily life.

State the four groups that comprise the subject of electronics.

S$202 - DIRECT CURRENT ELECTRICITY ....coiiiiciiiiircceressscseesssssns e s sssssss s sssssss e sssssssssssssnsesssssssssnssssnseneas 791
*  Define the term Direct Current (DC).

*  ldentify how direct current affects a circuit.

Identify applications that might use DC current.

*

*

*
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MODEL 2010 ELECTRONICS TECHNOLOGY continued

S203 - ALTERNATING CURRENT ELECTRICITY ...oiiiiiinniren e

*

Define the term Alternating Current (AC).
Identify how alternating current affects a circuit.
Identify appliances that use AC current.

*

*

S$204 - ANALOG ELECTRONICS ..ot ssss s ssasssasssassssns

*  Define the term Analog.
*  Identify how analog affects a circuit.
* ldentify applications that use analog components.

S$205 - DIGITAL ELECTRONICS ..o s

*

Define the term Digital Electronics.
Identify how digital components affect a circuit.
Identify appliances that might use digital components.

*

*

S206 - ELECTRONICS TECHNOLOGY PROJECT ..o

*

Construct the DC section of an alarm circuit.
Construct the AC section of an alarm circuit.
Construct the analog section of an alarm circuit.
Construct the digital section of an alarm circuit.
Test the alarm circuit operation.

Define magnetism.

Identify characteristics of magnets.

Define laws of magnetic attraction and repulsion.
Describe properties of magnetic lines of force.
Identify non-magnetic materials.

Define electromagnetism.

Identify the characteristics of electromagnets.
Describe the operation of a relay.

Describe the operation of a magnetic breaker.
Describe the operation of a meter.

Identify the quantities measured by multimeters.
Identify the two multimeter displays.

Describe the five functional sections of a multimeter.
Describe the purpose of each functional section.
Read a digital meter display.

Compare meter readings to voltages selected.

*
*
*
*
S
*
*
*
*
*
*
*
*
*
*
S
*
*
*
*
*
*

S303 - MULTIMETER USE......... i s

*

Operate a Digital Multimeter

S304 - VOLTAGE MEASUREMENTS .......cccoiiiimimnimnsnnsn s ssss s ssssssas s e

*

Describe how to set up a multimeter to measure voltage.
Describe how to read a multimeter's display when measuring voltage.

*
*

*

Perform voltage measurements using a digital multimeter.

S305 - CURRENT MEASUREMENTS ...

*  Describe how to set-up a multimeter to current.
Describe how to read a multimeter's display when measuring current.

Describe the correct way to connect a multimeter to a circuit for measuring current.

Identify the precautions to observe when making current measurements.
Perform current measurements.

Describe how to set up a multimeter to measure resistance.
Describe how to read a multimeter's display when measuring resistance.

S306 - RESISTANCE MEASUREMENTS..........coooiioieieeeeree e s see s s
*  Describe the correct way to connect a multimeter to a circuit for measuring resistance.

Describe the precautions to observe when making resistance measurements.
Perform resistance measurements.

301 - MAGNETISM, RELAYS AND METERS.........cccoiiminnirimsnnnnn s

302 - INTRODUCTION TO MULTIMETERS........cccocoirrnrnnnininssnsnnsn s

Describe the correct way to connect a multimeter to a circuit for measuring voltage.

PC CARD
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S307 - INTRODUCTION TO THE OSCILLOSCOPE
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401 - OHM'S LAW AND POWER

402 - SERIES CIRCUITS

403 - PARALLEL CIRCUITS

404 - SERIES-PARALLEL CIRCUITS

405 - INDUCTOR OPERATION

406 - CAPACITOR OPERATION

MODEL 2010 ELECTRONICS TECHNOLOGY continued

Describe the purpose of an oscilloscope.

Identify the quantities measured by an oscilloscope.
Describe single trace and dual trace oscilloscopes.
Identify the four major functional sections.

Describe the purpose of each control and switch.
Set up an oscilloscope for normal operation.

Use an oscilloscope to analyze a waveform.
Measure voltage using an oscilloscope.

Learn what Ohm's law is and how voltage current, and resistance are related.

Learn what power is and how voltage, current, and Ohm's law are related to power.

Prove the Ohm's law relationship of voltage, current, and resistance.

Identify a series circuit.

Calculate total resistance in a series circuit.
Calculate current in a series circuit.
Calculate voltage drops across resistance.
Measure current values in a series circuit.
Measure voltage drops in a series circuit.

Identify a parallel circuit.

Recognize that the applied voltage is the same across each branch.

Calculate current in each branch of a parallel circuit.

Calculate total current from the sum of the individual branches of a parallel circuit.
Calculate total resistance in a parallel circuit.

Measure the applied voltage across each branch in a parallel circuit.

Measure current across each branch in a parallel circuit.

Measure total resistance in a parallel circuit.

Identify a series-parallel circuit.

Calculate total resistance in a series circuit.
Calculate current in a series-parallel circuit.
Calculate voltage drops in a series circuit.
Measure resistance values in a series circuit.
Measure current values in series-parallel circuit.
Measure voltage drops in a series-parallel circuit.

Identify types of Inductors.

Describe the current opposing characteristic of an inductor.
Identify the unit of measure for inductance.

Identify characteristics of inductance.

Identify mutual inductance.

Examine characteristics of an inductor.

Examine common operations of an inductor.

Identify types of capacitors.

Describe charge and discharge.

Identify the schematic symbol for a capacitor.
Identify characteristics of capacitance.

Identify the unit of measurement for capacitance.
Examine the circuit characteristics of a capacitor.

PC CARD
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MODEL 2010 ELECTRONICS TECHNOLOGY continued

S407 - DIGITAL LOGIC.........iiiicceteriscneessscsseeesssssss e sssssss e sssssss e s ssssssesssssnsessassnssesasssssesasssnsensssnnenans
Identify Digital Logic.

Define Logic.

Describe various logic types.

Identify the seven basic logic gates.

Examine the truth tables for the seven basic logic gates.

Observe the operation of logic gates.

Verify AND gate operations.

Verify OR gate operations.

Verify NAND gate operations.

Verify NOR gate operations.

S501 - INTRODUCTION TO TEAMWORK .......coccoeiiiicceeersscsseenessssnsesssssnss s s s ssse s e s ssmn e sssssmnenssssmnenes
*  Describe the benefits of teamwork.

S502 - CIRCUIT CONSTRUCTION........coiiiiecererrsssrrrsssssnerssssneesssssssesssssssessssssnsnsssssnsesssssnnessssssnnnns
*  Describe breadboarding methods of circuit construction.

*  Describe the Nida Series PC130X.

*  Describe how to construct a simple series circuit using PC130X.

Insert and remove a component from the PC130X breadboard card.

S$503 - SERIES CIRCUIT CONSTRUCTION.........cccciiiiimrrrrerrrsssse s s s s s e s smn e s smme e smn s
*  Construct a series circuit.

Verify series circuit operation.

S$504 - PARALLEL CIRCUIT CONSTRUCTION.......ccoccctericcereresssseesessssssssssssme e sssssmnesssssmnesssssnnenes
*  Construct a parallel circuit.

Verify parallel circuit operation.

S$505 - SERIES-PARALLEL CIRCUIT CONSTRUCTION .......cooiiiemerennerrsssssmerssssmsesssssmnessssssnenss
*  Construct a series-parallel circuit.

Verify series-parallel circuit operation.

S$506 - CAPACITIVE CIRCUIT CONSTRUCTION.........ccciiiemerrrsmeeressmresssssmee e s smmese s ssme e nssssmeees
*  Construct a capacitive circuit.

Verify capacitive circuit operation.

S$507 - INDUCTIVE CIRCUIT CONSTRUCTION ......oooiiiiiiiirrrmrr s s s ssms s e
*  Construct an inductive circuit.

Verify inductive circuit operation.

S$508 - DIGITAL CIRCUIT CONSTRUCTION .........iiiiiineerrscsneerrsssssnesssssnsesssssssensssssmsssssssnsesssssnnens
¥ Construct a digital circuit.

*  Verify digital circuit operation.

* 0% kX kX kX F K

*

*

*

*

*

*

S$509 - ALARM SYSTEM OPERATIONAL CHECK .......ccoiiimiminrimemssnssn e ssssesssnsssnnnns 796,797,798

*

Perform Operational Check

Assemble a Three Trainer Configuration

Daisy chain three Tec Dec Trainers in Series

Test Individual Alarm Circuits

S$510 - OSCILLATOR INTEGRATED CIRCUIT OPERATION .......coiiiirrrerereme e
*  Construction of the Oscillator Integrated System.

Perform Operational Test of Oscillator.

S$511 - ALARM DETECTOR INTEGRATED CIRCUIT OPERATION.......ccciicierercceee s ceee e
*  Construction of Alarm Detector Integrated System.

Perform Operational Test of Alarm Detector.

S$512 - SOUND GENERATOR INTEGRATED CIRCUIT OPERATION.........ccccovrrcerernnneenns 796,
¥ Construction of Sound Generator Integrated System.

Perform Operational Test of Sound Generator.

S101 -INTRODUCTION TO MICROPROCESSORS ........ccociiiimrrrnnresssssne s s s sssnne e
Describe a brief development of microprocessors.

Identify the major parts of a microprocessor system.

Define common terms associated with microprocessors.

Identify parts of a microprocessor and describe microprocessor operation.

Define and describe internal registers and counters.

*

*

*

*

*

*

* * * *
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MODEL 2010 ELECTRONICS TECHNOLOGY continued

S$102 - INTRODUCTION TO COMMUNICATION AND SIGNAL PROCESSING..................

Describe the basic elements that compose a communications system.
State the two fundamental limiting factors in a communication system.
Describe the basic differences between analog and digital signals.
Describe signal processing.

Identify various signal processing techniques.

Identify types of transducers.
Understand transducer operating principles.

Explain what light is and how it is produced.

Identify the components of the visible spectrum and the optical spectrum.
Describe the difference between reflection and refraction.

Identify the law of reflection and Snell's law.

Explain total internal reflection.

Explain the operation of a fiberoptic system.

Describe the three sections of a fiberoptic system.

Identify some optical light sources and optical detectors.

Describe the construction of a fiberoptic cable.

Identify some of the advantages and disadvantages of fiberoptic systems.

Describe the basic particle theory of light.

Describe the basic wave theory of light.

Describe the principle behind Quantum Electrodynamic theory of light.
Define the term Laser.

Describe the Quantum Theory of Radiation.

Describe the characteristics of laser light.

Describe the fundamental elements of a laser.

Describe the various uses of lasers.

Identify Main Chassis.
Identify Monitor.
Identify Keyboard.
Identify CPU.

Identify Memory.
Identify 1/0.

Identify Bus Systems.

Define the construction of a basic telephone system.
Describe the local area telephone network.

Describe local area telephone calling.

Describe the local loop.

Describe the long distance telephone network.

Describe a typical long distance hierarchy telephone system.

*m>(~>(~****m***3('3('3("*m>('*******m**********m**w*****

initiated.

Identify basic microwave principles and recognize the Radio Frequency spectrum.
Identify microwave frequencies and factors affecting communications.

Identify metric prefixes.

Perform conversions between different metric prefixes.

Define the Internet.
History of the Internet.
Realize uses of the Internet.

* Ok R * O X X
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103 - INTRODUCTION TO TRANSDUCERS. .......ccctiiiriererininnnes s

104 - INTRODUCTION TO FIBER OPTICS........ccoiitmirniis s

105 - INTRODUCTION TO LASERS ... s s sans

106 - INTRODUCTION TO COMPUTERS AND MAINTENANCE ..........cccocimniimniinnnnienans

107 - INTRODUCTION TO TELEPHONE SYSTEMS ...

108 - INTRODUCTION TO MICROWAVES...........ccccceerrrereninssmenr e s sss s sssmsen e s s sssmnnes
Describe a brief history of microwave inception and explain how microwave communications were

109 - INTRODUCTION TO THE INTERNET.....cciiiiirninrennn s
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MODEL 1459 CABLES AND CONNECTORS

C101 - CABLES, CONNECTORS, AND TOOLS........cccciiiiimnmnisrsisn s s ssssss s ss s s sssss s sssnn s -

>('>('*o******3('3('3('*o********0*****0***********

* * * *

Define wire.

Define cable.

Define harness.

Identify solid and stranded wires.
Understand the purpose of a connector.
Determine the difference between a plug and jack.
Understand connector terminology.
Understand the purpose of cutters.
Understand the purpose of crimpers.
Understand the purpose of a multimeter.
Understand the purpose of a cable tester.

102 - SINGLE WIRE ASSEMBLIES ...t s e s W7

Identify the steps used to prepare, build, and test single wire assemblies.
Assemble a FASTON type connector.

Assemble a butt splice.

Assemble a .156 KK Series connector.

Build and test single wire assemblies without guidance.

103 - FLAT SATIN CABLE ASSEMBLIES ... sssannas Wé

Describe Flat Satin Cable.

Understand Flat Satin Cable applications.

Describe the RJ-11 connector.

Describe the RJ-45 connector.

Understand RJ-11 and RJ-45 applications.

Assemble an RJ-14 cable.

Assemble an RJ-45 cable.

Build and test flat satin cable assemblies without guidance.

104 - CABLING STANDARDS AND CATEGORIES OF PERFORMANCE ...........ccoccnmmnmmsemnenssnnannns -

Understand the origin of cabling standards.

Know the agencies responsible for establishing standards.
Define Universal Service Ordering Codes.

Understand the types of serial data connections.

Describe characteristics of a Multi-conductor cable.
Describe characteristics of a Flat satin cable.

Describe characteristics of a Twisted pair cable.

Describe characteristics of a Coaxial Cable.

Identify UTP, SCTP, and STP cable.

Understand Cat 1 through Cat 7 cable properties.

105 - TWISTED PAIR CABLE ...ttt s w6

Identify and describe how a modular RJ-45 plug is used.

Identify and describe how a keystone jack is used.

Identify the difference between an ATT 110 punch down type jack and a CAT 5 TIA/EIA 568A/B
keystone type jack.

Identify and describe how CAT 5 UTP cable is used.

Understand T568A, T568B, and 10 Base-T wiring standards.

Understand Straight-Through and Cross-Over wiring methods.

Understand how to prepare CAT 5 UTP cable for assembly with an RJ-45 modular plug and CAT 5
TIA/EIA 568A/B keystone type jack.

Identify the tools used to attach a modular RJ-45 plug and CAT 5 TIA/EIA 568A/B keystone type jack
to CAT 5 UTP.

Understand how to attach a CAT 5 TIA/EIA 568A/B keystone type jack to a UTP cable following
T568A standards.

Prepare, build, and test a CAT 5 UTP cable with RJ-45 plugs following T568A standards and the
Straight-Through wiring method without guidance.

Prepare, build, and test CAT 5 UTP cable with a CAT 5 TIA/EIA 568A/B keystone type jack following
TS568A standards and the Straight-Through wiring method.
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MODEL 1459 CABLES AND CONNECTORS continued

C106 - MULTI-WIRE CABLE ..........eeiiiieeeccceeierscser s sssssse e sssssne e s s s sse e s sssnn e s s nn e s e s nn e s sasnn e e nasnnnensnnnenannen w7
Describe a Multi-Wire cable.
Identify a D-Sub connector.
Understand how a D-Sub connector is used.
Understand the purpose of a DCE and DTE device.
Identify DCE and DTE cable configurations.
Identify and examine the parts and types of D-Sub connectors.
Examine the RS-232 wiring standard.
Prepare, build, and test a multi-wire cable assembly using a D-Sub connector and RS-232 standards.
Prepare, build, and test multi-wire cable assemblies without guidance.
107 - COAXIAL CABLE.........etiiicctierrcceterssss s e s s s ssr e s s s s sss e e e s s ssn e e eesssmn e easssnneeesssnneeessssneneesssnnenssnnenesssnnnnnan weé
Describe the parts of a coaxial cable.
Recognize types of coaxial cable.
Identify coaxial cable applications.
Recognize an F-Type coaxial connector.
Recognize a BNC coaxial connector.
Understand how to prepare a coaxial cable for assembly with an F-Type connector and a BNC
connector.
Identify the tools used to assemble a coaxial cable assembly.
Understand how to test a coaxial cable assembly with a multimeter.
Prepare, build and test a coaxial cable assembly with F-Type connectors.
Prepare, build and test a coaxial cable assembly with BNC type connectors.

* * * * * *O * * * * * * * * *

*  * kX

MODEL 1410 SOLDERING

C509 - SOLDERING SAFETY AND ELECTROSTATIC SENSITIVE DEVICES..........ccccoirreererrrmeer s --
*  Understand the safety requirements of soldering chemicals and supplies.
*  Describe the procedure for use of an eye wash station.
*  Define an electrostatic sensitive device.
*  Describe the sources of electrostatic discharge and list its hazards to electronic components.
*  ldentify the static producing materials in the work area.
*  Explain the principles of static control and methods employed in developing static control facilities.
*  Describe the special handling, identification, packaging and protection requirements for electrostatic
sensitive devices.
C501 - SOLDER AND SOLDERING EQUIPMENT.........cccsiieiterisssmressssmsessssssesssssasessssssssessssssesssssnsessnsnns --
Identify different types of solder.
Identify proper solder flux.
Understand how to handle a soldering iron properly.
Understand how and why a soldering iron tip is tinned.
Understand correct use of safety equipment.
Identify hand tools used to aid soldering.
Describe proper use of heat sinks and wire forming tools.
Use safety equipment properly.
Demonstrate how to tin a soldering iron tip properly.
502 - WIRE STRIPPING, TINNING, AND SPLICING........ccccecesterrncnrerrsssneersssssssesssssnsessssssmessssssmsesssssnsenes --
Identify different types of wire strippers and trimmers.
Identify the proper tools used to strip various wires.
Understand how to strip wires using wire strippers.
Identify methods of wire tinning.
Understand how and when to tin a wire.
Identify methods of wire splicing.
Understand how and when to splice a wire.
Strip wires using the available wire strippers.
Demonstrate wire tinning.
Demonstrate wire splicing.

* O0F kX kX kX * ﬂ-o * O0F kX kX kX *
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MODEL 1410 SOLDERING, continued

C503 - TERMINAL TYPES AND CONNECTIONS .........ooiiiiiiieiriieressssmeesssssse s sssssssesssssnessssssnsesssssnsessnssnns --
Understand the IPC/EIA J-STD-001C standards used for turret, bifurcated, and hook terminals.
Identify turret, bifurcated, and hook terminals.

Describe the application of turret, bifurcated, and hook terminals.

Understand the IPC/EIA J-STD-001C standards used for pierced and cup turrets.
Identify pierced and cup turrets.

Describe the application of pierced and cup turrets terminals.

Solder connections to a turret terminal.

Solder connections to a bifurcated terminal.

Solder connections to a hook terminal.

Solder connections to a pierced terminal.

Solder a connection to a cup terminal.

504 - PC BOARD TYPES AND MANUFACTURING METHODS .........cccccoviiremerrncmneennnnes Solder Project

Identify the general characteristics of PC boards.
Identify several connection methods used on PC boards.
Identify the options and procedures available for repairing broken circuit board copper lands.
Prepare a circuit board for repair using a surface mount jumper.
Repair a circuit board using a surface mount jumper.
C505 - THROUGH-HOLE NON-POLARIZED COMPONENT SOLDERING &
DESOLDERING..........cccoictirririssscsnmerer s ssssssssssmsse e s e s s sssssssmn s s e e s essnsssnnmnenesenssnsssnnnnnnnnns Solder Project
Understand the soldering process.
Identify good, cold, flux, and disturbed solder connections.
Identify common non-polarized components.
Identify tools used to form leads.
Understand lead forming methods.
Identify the methods used to mount components on a PCB.
Understand desoldering methods.
Understand how to correct poor solder connections.
Form component leads.
Mount and solder components to a PCB.
Desolder components from a PCB.

506 - THROUGH-HOLE POLARIZED COMPONENT SOLDERING...........ccccoccmrininrnnnnns Solder Project
Identify common polarized components.

Identify orientation of components.

Explain heat fragility of some components.
Forming leads of polarized components.
Mounting polarized components on a PCB.
Solder heat-sensitive components on a PCB.
Solder polarized components on a PCB.

507 - SOLDERING SURFACE MOUNT DEVICES .........ccccoieooierrrmreressmeessssmee s ssssmeesssssnes Solder Project
Explain differences between through-hole and SMD technologies.

Identify common SMD components.

Understand SMD soldering and desoldering techniques.
Prepare surface mount pads for soldering of a component.
Solder a surface mount resistor to a PCB.

Solder a surface mount IC to a PCB.

508 - COAX CABLE CONNECTORS.......cccoiictiriicnrerisssseessssssssesssssssesssssssesssssnsessassnssssssssssesessssesssssnsnsans --

Review BNC connector history, advantages, and limitations.

Review RG-58 cable history, advantages, and limitations.

Understand the assembly of a UG-88C/U BNC connector.

Understand how a UG-88C/U BNC connector is attached to a coaxial cable.
Install a UG-88C/U BNC connector on the RG-58 A/U cable.

* * * * *o * * * * * * * * * * *
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BASIC CIRCUIT APPLICATIONS |

MODEL 1411 PHASE LOCK LOOP

TB01 - PHASE LOCK LOOP CIRCUITS .....ccccciirrscmrerssssnresssssssressssssresssssssesssssssessssssssssssssssessans 86,224,225
*  Describe phase lock loop circuits to the block diagram level.

Describe phase lock loop FM demodulators.

Define phase lock loop circuitry.

Describe the operation of a phase lock loop detector circuit.

Observe the operation of a phase lock loop system configured as a band pass filter, FM Demodulator,
and a Frequency Synthesizer.

*  *  * X

MODEL 1414 OPTOELECTRONICS
(Available in Lab/Text Only)

Lesson 1 — Introduction to Infrared Transmission and Reception...........ccccovemriiiiriccccccecenennn, 214,215
*  Obtain a basic understanding of electromagnetic waves and the electromagnetic spectrum.

Describe the characteristics and qualities of infrared light and its relationship in the electromagnetic
spectrum.

Observe the operation of a representative infrared transmission and reception system.

Lesson 2 - Infrared Audio TranSMISSION ... s 214,215
*  Describe the discovery of infrared light.

Observe the operation of and construct an infrared LED.

Observe the operation of basic infrared transmitter circuit.

Lesson 3 - Infrared Audio Reception .............. e 214,215
*  Describe the different devices used to detect and measure infrared radiation.

Observe the operation and construction of photo transistors.

Lesson 4 - Infrared Fiberoptic Communications ..........ccccciiiiiicccicimriin e e 251
*  Describe the operation of fiberoptic communications transmission and reception system.

Observe the operation of the fiberoptic transmission and reception system.

*

*

*

*

*

*

MODEL 1415 RADAR SYSTEMS

TDO1 - INTRODUCTION TO RADAR CHARACTERISTICS........ccciiirirnnin e snsnsns --
Define terms, abbreviations, and symbols used in conjunction with RADAR principles.
Convert Decibel and Power Ratio into standardized reference power (dBm).
Describe the composition of a basic RADAR system.
Identify the blocks of a basic RADAR system.
Define abbreviations, terms, symbols and characteristics used in conjunction with RADAR systems.
State the purpose and use of the Surface Search, Air Search and Targeting RADAR systems.
Explain the basic operation of a Pulse, Continuous Wave (CW) and Doppler RADAR systems.
Describe a block diagram of a Pulse RADAR.
Understand Pulse RADAR circuit functions.
Describe Basic RADAR antennas.

D02 - BASIC RADAR OPERATION ........iiiiirieiiiis s ssss s s ssss s s s s as s s sss s s s s sms s sssmssssnnsns 231
Examine a typical RADAR timing circuit.
Examine both a sweep and video amplifier.
Examine typical RADAR characteristics.

D03 - RADAR TRANSMITTERS AND RECEIVERS. ..........oo o eiicerreceeesssme e s e sene e ssme s mn e e --
Define RADAR transmitter abbreviations, terms and symbols.
Describe the function, operational characteristics, and major subsections of a typical RADAR
transmitter.
Define RADAR receiver abbreviations, terms and symbols.
Describe the function, operational characteristics, and major subsections of a typical RADAR
receiver.

I R I T
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MODEL 1415 RADAR SYSTEMS continued

TDO04 - TRANSMISSION LINES .......cooiiicciieiicieieisssnsessssse e s sssms e s ssssns e s ssssssesssssnsessssssnsessssnsessasansessssnsesssnsnns --

*  ldentify transmission line operating characteristics.

Identify the different types of transmission lines.

TD05 WAVEGUIDE THEORY ......ooiiicciirircerrissssresssssssesssssssesssssssessssssssssssssssesssssnsessssssnensssssnssssssssnsssssnnens --
Describe a waveguide and explain the advantages and disadvantages of waveguides over other
means of transferring RF energy.

Explain how waveguides are developed from parallel transmission lines.

Describe waveguide impedance matching terminations.

Describe waveguide components.

Describe waveguide plumbing.

D06 - ANTENNAS ...t s s s s e s ss e e s s e e e e s e ane e e e ane e s s amnenmne e e snnneensnsnns --
Understand antenna characteristics.

Explain the propagation of energy in antennas.

D07 - CAVITY RESONATORS & TUBE MICROWAVE DEVICES. ..........cccoiiirirrccerersscssessscsseee s smne s --
Describe the purpose of cavity resonators.

Describe the basic theory and operation of cavity resonators.

Describe the basic principle of microwave tubes and their limitations.

Describe the basic theory and operation of Klystrons and Magnetrons.

D08 - SEMICONDUCTOR MICROWAVE DEVICES. .........cooiiierircerressmressssssse s s sssesssssmessssssmsesssssmsenas --
Describe the limitations of Bipolar and Field Effect Transistors at microwave frequencies.

Describe methods to minimize limitations in Bipolar and Field Effect Transistors at microwave

frequencies.

Describe the basic theory of operation of Varactor Diodes, Tunnel Diodes, Gunn Diodes and DROs.
TD09 - ELECTROMAGNETIC COMPATIBILITY AND COUNTERMEASURES ..........cccociimricinerrrrcneeennns --
*  Define terms, abbreviations and symbols associated with Electromagnetic Compatibility.

Describe the function and operational characteristics of Electromagnetic Compatibility (EMC),

Electronic Countermeasures (ECM), and Electronic Counter-Countermeasures (ECCM).

TD1 0 - RADAR AUXILIARY SYSTEMS .........ociiiiccreriismrerssssssesssssssessssssseesssssssesssssssesssssnsesssssnsesssssnnesssnns --

Define terms, abbreviations and symbols used with RADAR Dry Air systems.

*  Describe the function, operational characteristics of RADAR Dry Air systems.

*  Define terms, abbreviations and symbols used with RADAR Cooling systems.

*  Describe the function, operational characteristics of RADAR Cooling systems.

*

L L I

*

*

MODEL 1416 REGULATED POWER SUPPLIES
(Available in Lab/Text Only)

Lesson 1 — Voltage Regulators..........ccccvvmrriniimmsinnsss s s ssssss s nssans PC130-96, 97, 290
*  Describe a power supply to the block diagram level.

*  Define the purpose of a voltage and current regulator.

*  Describe the operation of voltage regulator circuits.

*  Observe the normal operation and troubleshoot a voltage regulator circuit.

Lesson 2 — Current ReguIators........cccceiiicccceceminiin e ens s s ssmss e e e e s s ssmmnn s e s eesnas PC130-96, 97, 290
*  Define the purpose of a current regulator.

Describe the operation of current regulator circuits.

Observe the normal operation and troubleshoot a current regulator circuit.

*

*

MODEL 1418 INTRODUCTION TO FILTERS

T101 - INTRODUCTION TO FILTERS. .......cco i ssmre s sssn e ssssss s s ssne s s ssme s s s me e s s e e s s mn s snssnns --
Define an active and passive filter.

*  Define inductive and capacitive reactance.

*  Define a low pass filter.

*  Define a high pass filter.

*  Define a band reject filter.
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MODEL 1418 INTRODUCTION TO FILTERS continued

T102 - HIGH-PASS FILTERS. ...ttt s

Describe the operation of high pass filters.

Describe the types of high pass filters.

Calculate high pass filter circuit values.

Observe the normal operation of a high pass filter.
Measure circuit values in a high pass filter circuit.
Verify correct operation of a high pass filter circuit.
Determine if a high pass filter circuit is faulted.

Identify a faulted component in a high pass filter circuit.

Describe the theory of operation of a low-pass filter.

Discuss the cut off frequency of a low pass RC filter circuit.
Identify a low pass filter circuit.

Verify proper low pass filter operation.

Determine the cut off frequency of a low pass RC filter circuit.

Describe the theory of operation of a bandpass filter.

Discuss the upper and lower cut off frequencies of a bandpass filter.
Identify a bandpass filter circuits.

Verify proper bandpass filter operation.

Determine the bandwidth of a bandpass filters.

Describe the theory of operation of a band reject filter.
Identify a typical band reject filter circuit.

Verify proper band reject filter operation.

Determine the cut off frequency of a band reject filter circuit.

Discuss the theory of operation of a combination filter.

Identify a typical combinational filter circuit.

Verify proper combination circuit operation.

Experimentally determine the bandwidth of a combination filter.

L I R A I T T

MODEL 1419 OPERATIONAL AMPLIFIERS

T701 - OPERATIONAL AMPLIFIERS.......oooiiiiiiisrin s

Describe the operational amplifier and how it is used.

Describe the schematic symbol and packaging of operational amplifiers.
Describe the basic operation of operational amplifiers.

Describe operational amplifier characteristics.

Describe linear operational amplifiers.

Describe arithmetic operational amplifiers.

Describe wave shaping operational amplifiers.

Observe the operation of inverting and non-inverting amplifiers.
Measure signals in inverting and non-inverting amplifiers.
Locate faults in inverting and non-inverting amplifiers.

Observe the operation of summing and difference amplifiers.
Measure signals in summing and difference amplifiers.

Locate faults in summing and difference amplifiers.

Observe the operation of integrator and differentiator amplifiers.
Measure signals in integrator and differentiator amplifiers.
Locate faults in integrator and differentiator amplifiers.

* * * * * * * * *_' * * * * * * *
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PC CARD
MODEL 1420 BACKUP POWER SUPPLY
(Available in Lab/Text Only)

Lesson 1 — Backup Power SUpPPlY CirCUItS ......ccccveeeeirirrecrerrncre s rscsre s ssssse s sessmr s s sme e sssmn e e s s smme e nnnes 293
*  State the purpose of backup power supplies.

*  Describe the block diagram operation of backup power supplies.

*  Describe typical backup power supply circuits.

*  Operate and troubleshoot a typical backup power supply.

MODEL 1435 ELECTROMAGNETICS

T300 - MAGNETISM AND ELECTROMAGNETIC PRINCIPLES...........ccooorimrrrnmer e 182, 183
*  Define magnetism.

*  Describe different types of magnetism.

*  Describe relays, motors, transformers, and generators.

*  Observe magnetic poles.

*  Demonstrate temporary magnets.

*  Examine electromagnetic operation.

*  Demonstrate an application of magnetism.

T305 - MAGNETIC CALCULATIONS .......ooiiicieiermrerrnsmressssss e ssssme e ssssms s snsms e snssmnn e sesssnnenens -- (Optional)
*  Describe properties of magnetic lines of force.

*  Identify magnetic and non-magnetic materials.

* ldentify the characteristics of electromagnetism.

*  Calculate magnetomotive force.

*  Calculate magnetic field strength.

*  Determine force.

*  Determine torque.

*  Understand the operation of magnetic circuits.

*  Understand the effects of magnetic and non-magnetic materials in magnetic circuits.
*  Use magnetization curves for magnetic materials.

*  Examine step-by-step solutions to numerical examples.

*  Define solenoids.

*  Describe the operation of typical solenoid circuits.

*  Introduce numerical examples of simple solenoid circuits.

MODEL 1460 SIGNAL FORMAT CONVERSIONS
(Available in Lab/Text Only)

Lesson 1 - Analog-to-Digital Conversion (A/D).........cccoecmrimiisiicssssneressessssssssssssssssssssssssssssssssssssssssssnnes 139
*  Identify the principle of analog-to-digital conversion.

*  Describe various discrete analog-to-digital frequency circuits.

*  Describe the operation of drivers, buffers and tri-state devices.

*  ldentify the properties of binary conversion and binary coded decimal.

Describe integrated analog-to-digital conversion using the FLASH method.

Analyze the operation of an ADC080X 8-bit uP-compatible analog-to-digital converter for
analog-to-digital FLASH conversion.

Lesson 2 - Digital-to-Analog Conversion (D/A)........cccccuvimriniiinnnnnsennsssinnne 139,140, 455(Optional)
* Identify the principles of serial or parallel digital-to-analog conversion terms and circuits.

Analyze the operation of an integrated D/A circuit.

*

*
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PC CARD
MODEL 4050 INSTRUMENTATION MODULE®

IMO1 - INTRODUCTION TO TEST EQUIPMENT.........cciiiiirerrssssrersssssnessssssnesssssnsesssssssessssssmsesssssnsesssssnnens -
*  ldentify basic test equipment.

Understand the purpose of a multimeter, oscilloscope, function generator, and frequency counter.

*  Identify basic components of the Model 4050.

*  Perform initial startup procedures.

*

IMO2 - MULTIMETER OPERATIONS ........ooriirrcirrerrrressme s e s sns s sn e s sme s s e s s s smesnssns 4050-1,4050-2
*  Describe how the Model 4050 Digital Multimeter (DMM) is used to measure continuity and
resistance.

*  Make continuity and resistance measurements using the Model 4050 Digital Multimeter (DMM).

*  Describe how the Model 4050 Digital Multimeter (DMM) is used to measure voltage and current.

*  Make voltage and current measurements using the Model 4050 Digital Multimeter (DMM).

IMO3 - OSCILLOSCOPE OPERATIONS .........ciiiiiiininessses s ssss s sss s ssssss s ss s s ss snms s sssnn s 4050-2
*  Describe the operation of the Model 4050 Digital Storage Oscilloscope (DSO).

*  Measure voltage, time, and phase using the Model 4050 Digital Storage Oscilloscope (DSO).

IM04 - FREQUENCY COUNTER OPERATIONS.........coiniimimrinisisniss s s s ssss s ssss s 4050-2
*  Describe operation of the Nida Model 4050 Frequency Counter.

*  Use the Nida Model 4050 Frequency Counter to measure frequency.

IMO5 - FUNCTION GENERATOR OPERATIONS ........cocociiimierintniss s s sssanenns 4050-2
*  Describe the purpose and use of a function generator.

*  Describe the Nida Model 4050 function generator controls and indicators.

*  Demonstrate the Nida Model 4050 function generator.

° indicates separate trainer
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PC CARD

MICROPROCESSORS |

BASIC MICROPROCESSOR SYSTEMS

T821 - INTRODUCTION TO MICROPROCESSORS ........oooiiccerrrisnnrerssssresssssssessssssssssssssssesssssssesssssnsessasss --
*  Describe a brief development of microprocessors.

*  ldentify the major parts of a microprocessor system.

*  Define common terms associated with microprocessors.

T822 BASIC MICROPROCESSOR OPERATIONS .........oiiiierrrncee e e s sme e e sme e e s sms e e s s smme e smmne s --
Identify parts of a microprocessor and describe microprocessor operation.

Define and describe internal registers and counters.

Understand ROM and RAM.

Describe the difference between ROM and RAM.

Understand the logical configuration of memory: conventional, extended, upper, high,

expanded, caches.

T823 MICROPROCESSOR NUMBER SYSTEMS ...........cccciiiirrnicceersssmnessssssse s s ssssse e s s ssmeessssmsesssssmnenes --
Identify different mathematical numbering systems.

Describe and perform number system conversions.

Describe and perform binary addition and subtraction.

Describe and perform multiplication and division.

* X * X

* ok

*

MODEL 1439 8051 MICROCONTROLLER

T851 - 8051 MICROCONTROLLER CIRCUIT .....coicciiiriiceersssmresssssneesssssssessssssssssssssmsesssssnsenes 405,406,407
*  Describe the internal structure of the 8051 microcontroller.

*  Describe the timed operations of the 8051 microcontroller.

*  Observe signals from the 8051 microcontroller circuit.

*  Enter a simple program to observe system operation.

T852 - OPERATION OF THE 8051 MICROCONTROLLER........ccooccocirrrcreerseeee s sene e sssneeeeas 405,406,407
*  Describe external timing and control connections to the 8051 microcontroller.

*  Describe the memory connections to the 8051 microcontroller.

*  Observe the various signals generated by the 8051 microcontroller.

*  Observe the operation of external memory.

T853 - INTERFACING WITH THE 8051 .......coociiiiiirrieere e s s mn e s 405,406,407
*  Describe the connection of input/output devices attached to the 8051.

* Understand the different types of input/output devices connected to a microcontroller.

*  Observe signals of the keypad circuitry in the microcontroller system.

T854 TROUBLESHOOTING THE 8051 .......cccceriieerrrscsneressssssressssssresssssssssssssssesssssssesssssnsesnans 405,406,407
Describe the techniques required to troubleshoot a defective microcontroller system.

Describe preventive maintenance.

Describe the basic tool used to troubleshoot a microcontroller system.

Perform successful troubleshooting with the 8051 microcontroller trainer.

Understand basic fault types in a microcontroller system.

*  * Ok *

MODEL 1440 8085 MICROPROCESSOR

T831 - 8085 MICROPROCESSOR CIRCUITS.......ccccctmmrrrmrrrrscnresssssnseesssssssesssssssesssssnsessnns 400,401,402,485
*  Describe the internal structure of the 8085 microprocessor.

*  Describe the timed operations of the 8085 microprocessor.

*  Observe signals from the 8085 microprocessor circuit.

*  Enter a simple program to observe system operation.

T832 - OPERATION OF THE 8085 MICROPROCESSOR........cccoreererrrrnerernssnrersnssnneeens 400,401,402,485
*  Describe timing and control connections to the 8085 microprocessor.

*  Describe the memory connections to the 8085 microprocessor.

*  Observe the operation of timing and control signals in an 8085 microprocessor system.

*  Observe memory interface signals during actual microprocessor operation.
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PC CARD
MODEL 1440 8085 MICROPROCESSOR continued

T833 - INTERFACING WITH THE 8085 MICROPROCESSOR ........ccceieceerrrrcnerersneeeenans 400,401,402,485
*  Describe the connection of input/output devices attached to the 8085.

Understand the different types of input/output devices connected to a microprocessor.

Observe the operation of an input/output device as it is used in the microprocessor

system.

T834 TROUBLESHOOTING THE 8085 MICROPROCESSOR...........ccccccmrrrnrrernnsnneennans 400,401,402,485
Describe the techniques required to troubleshoot a defective microprocessor system.

Describe preventive maintenance.

Describe the basic tools used to troubleshoot a microprocessor system.

Perform successful troubleshooting with the 8085 microprocessor trainer.

Understand basic fault types in a microprocessor system.

*

*

*  *  * X

MODEL 1441 8086 MICROPROCESSOR

T841 - 8086 MICROPROCESSOR CIRCUIT .....coiiiicererrssnrerrsssnseesssssseesssssssesssssssessssssnnenans 401,404,410,411
Describe the internal structure of the 8086 microprocessor.
Understand the various internal components.
Understand the external connections to the 8086.
Demonstrate the ability to examine signal conditions of the 8086.
Demonstrate the ability to enter a program into the 8086.
842 - OPERATION OF THE 8086 MICROPROCESSOR.........ccccoiiiimrrinmees e 401,404,410,411
Describe the external timing and control connections to the 8086 microprocessor.
Describe the memory connections to the 8086 microprocessor.
Observe the operation of timing and control signals in a 8086 microprocessor system.
Observe memory interface signals during actual microprocessor operation.
843 - INTERFACING WITH THE 8086..........c.cccccerirircrrrresmerrssssmeesssssmsessssssnessssssmessssssnenes 401,404,410,411
Describe the connection of input/output devices attached to the 8086.
Understand the different types of input/output devices connected to a microprocessor.
Observe the operation of an input/output device as it is used in a microprocessor
system.
T844 - TROUBLESHOOTING THE 8086...........cooiiiiiriierrrner s sssers s s s sssmes e 401,404,410,411
*  Describe the techniques required to troubleshoot a defective microprocessor system.
*  Describe preventive maintenance.
*  Describe the basic tool used to troubleshoot a microprocessor system.
*  Perform successful troubleshooting with the 8086 microprocessor trainer.
*  Understand basic fault types in a microprocessor system.
T845 - 8086 DATA TRANSFER ...t scere s s e s ssnr s mn e s s e e e e 401,404,410,411
*  Describe Immediate Data Transfers.
*  Describe Direct Data Transfers.
*  Describe Indirect Data Transfers.
*  Perform Immediate Data Transfers in an 8086 microprocessor.
*  Perform Direct Data Transfers in an 8086 microprocessor.
*  Perform Indirect Data Transfers in an 8086 microprocessor.
T846 - 8086 ADDITION AND SUBTRACTION ........cciiiiirirrere e sssne e 401,404,410,411
T
T

A I A T

Describe computer addition.
Describe computer subtraction.
Perform computer addition.
Perform computer subtraction.
847 - 8086 LOGIC INSTRUCTIONS ........cciriccmerrsnmere s ssmee s e e s ssssmn e s ssssmneesssssmensssssnnns 401,404,410,411
Describe Logic Instructions.
Perform Logic Instructions.
848 - 8086 JUMP INSTRUCTIONS..........oiiiccrerrrcerr s sme e s s e e e s sme e s sme e e mme e s mme s 401,404,410,411
Describe Jump Instructions
Perform Jump Instructions
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PC CARD
MODEL 1468 68000 MICROPROCESSOR

T801 - INTRODUCTION to MICROPROCESSORS. ..........cootiiceierircererrscssr e sssssnsessssnse s sssns e s sssssssesssssssessnns --
Identify the major sections of a microprocessor system.

*  Define the buses used by the 68000 for addressing, data, and control.

*  Define the modes of operation for the 68000.

*  Understand the use and manipulation of binary, hexadecimal, and decimal numbering

systems.
*  Understand ASCII and BCD data encoding.
T802 THE 68000 MICROPROCESSOR .........cooiiirerirereernssrresssssseessssmsessssme e s e ssneenanas 401,403,404,468

Define the different package styles of the 68000 microprocessor.
Understand labeling identification on the 68000 microprocessor.
Identify the address, data, and control buses of the 68000 microprocessor.
Identify the operation of the clock and reset circuits of the 68000 microprocessor.
Identify the operation of the microprocessor interrupts.
Observe the operation of the 68000 buses.
803- REGISTERS AND MEMORY ......coiiiiciieriiseersssssmeesssssmensssssmsesssssnsesssssnnessssssnsssssssnes 401,403,404,468
Define the purpose and usage of the internal registers.
Understand the operation of the user and supervisor stacks.
Define the types of external memory.
Explain the connections and control of memory in the 68000 microprocessor.
Observe the contents of registers in the 68000.
Observe the contents of external memory to the 68000.
804 - INPUT/OUTPUT CIRCUITS .....cooiiiiierirmrs e s e s s e s mn e s mne s mne s 401,403,404,468
Understand the purpose and usage of I/O circuits.
Understand the operation of the 68000 keyboard.
Understand the operation of the 68000 LCD.
Understand the operation of the serial and parallel ports.
Observe data communications through the parallel port.
805 - OPERATION OF THE 68000 ...........ccccviiimerrrercenrsssmeesssssmsesssssmsesssssssesssssnnesssssnnens 401,403,404,468
Explain the vector addressing of the 68000 microprocessor.
Understand the different states of microprocessor operation.
Describe the different types of exceptions recognized by the 68000 microprocessor.
Observe the occurrence of exceptions in manually entered code.
Explain and observe the results of the exceptions caused by the manually entered code.
806 - INTRODUCTION TO PROGRAMMING..........ccoerirmrrirmrre e 401,403,404,468
Explain the purpose and usage of programming a microprocessor system.
Understand the different types of programming and what type the Nida 68000
microprocessor trainer uses.
*  Define the different groups of instruction and which instructions are in those groups.
*  Observe and understand all of the instruction codes of a simple program.
*  Observe the effects of executing the simple program.
T807 - MOVE AND BRANCH COMMANDS ........coocoierrrcerererssereres e ssssms e e ess e sesssmeeeens 401,403,404,468
*  Define, understand, and use the different types of move instructions.
*  Define, understand, and use the different types of branch instructions.
*  Demonstrate the usage of move and branch commands.
T808 - ARITHMETIC AND LOGIC COMMANDS..........ccoooirinmrrrrsnrersssr s sssse s ssssenenesas 401,403,404,468
*  Understand the different types and usages of arithmetic instructions.
*  Understand the different types and usages of logic instructions.
*  Demonstrate the usage of both arithmetic and logic instructions.
T809 TEST AND ADDITIONAL COMMANDS........cooiiictirrrcnerersssneesssssseessssssssesssssnnesenss 401,403,404,468
Understand the different types of test instructions.
Understand the different uses of test instructions.
Understand the different types of additional instructions.
Understand the different uses of additional instructions.
Demonstrate the usage of a test instruction.
Demonstrate the usage of an additional instruction.

L I T I A I T Y I I

* F kX *
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MODEL 1468 68000 MICROPROCESSOR continued

T810 - DEBUGGING AND COMPATIBILITY ....coiiiccrrrreesssscssmese s s s s sssmsss e s s s sssmmenes 401,403,404,468
*  Understand debugging programs and tools.
*  ldentify other Motorola processors compatible with the 68000, and understand their

characteristics.
*  Demonstrate the ability to debug a small program.
T811 - TROUBLESHOOTING ........ccciiiiirrrreereressmressssssse e sssssme e ee s smne s e s smme e s s smme e esssmnenas 401,403,404,468

*  Describe the techniques required to troubleshoot a defective microprocessor system.
*  Describe preventive maintenance.

*  Describe the basic tools used to troubleshoot microprocessor systems.

*  Perform successful troubleshooting with the 68000 microprocessor trainer.

500EMT MICROPROCESSOR SYSTEMS®
(Available in Lab/Text Only)

Block 1-Lesson 1 - Introduction to MiCrOproCeSSOrsS..........ooi i --

*  Describe a brief history of the development of digital counting and calculating devices.

*  Understand the basic functions of the different sections of a computer.

*  Explain the relationship between a microprocessor and a computer.

*  Define terms commonly associated with computers.

*  Grasp the fundamentals of how microprocessors operate to process information.

Block 1-Lesson 2 - Computer Arithmetic .......ccccvriiiccccceiire e e --

* Understand the format of data for a microprocessor's input and output.

*  Perform conversions of binary, decimal, and hexadecimal numbers.

*  Perform basic math operations using binary numbers.

*  Understand double-precision addition and subtraction in both 8-bit and 16-bit modes.

*  Describe signed binary numbers and perform conversions between signed decimal numbers and
signed binary numbers.

*  Describe signed and unsigned Binary Coded Decimal (BCD) numbers and perform addition and
subtraction on signed and unsigned BCD numbers.

*  Perform double-precision addition, double-precision subtraction, multi-length BCD addition, and BCD
subtraction in both 8-bit and 16-bit modes.

Block 1-Lesson 3 - Basic Microprocessor Operation .............cccccceereririssscsssmeressssssssssssssesssessssssssssssssees --

*  Understand how memory locations are addressed and how data is stored in them.

*  Describe the 5 basic internal registers of a microprocessor and explain their functions.

*  Explain how a computer fetches and executes an instruction.

*  Describe the processes of moving, pushing, and popping.

*  Discuss the logic functions of AND, OR, XOR, and NOT.

Block 1-Lesson 4 - Architecture of the 8080A and 8086 MiCroproCessors............cccceeammrrrrerisscssssnmeenns --

*  Describe the major components of the 8080A microprocessor.

*  Describe the major components of the 8086 microprocessor.

*  Discuss the differences between the 8080A and the 8086 microprocessors.

Block 1-Lesson 5 - Model 500EMT Microcomputer Operation........cccccccvvcccccsememenninsscsssscesessssssssssssnenes --

*  Identify various microcomputer hardware components.

*  Display registers.

*  Display and change memory.

*  Load and run programs in different execution modes (real time, with breakpoints, tracing).

*  Filland move a block of memory.

*  Convert hexadecimal numbers into different number systems.

*  Address I/O ports.

Block 2-Lesson 1 - Data Transfer INStructions ... s --
*  Transfer immediate data within the microprocessor using instruction programming.

*  Transfer data directly within the microprocessor using instruction programming.
*  Transfer data indirectly within the microprocessor using instruction programming.

° indicates separate trainer
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500EMT MICROPROCESSOR SYSTEMS® continued
(Available in Lab/Text Only)

Block 2-Lesson 2 - Addition and Subtraction Instructions ...........cccceiiiciccrccccccc --

*  Implement the addition instructions to add single-byte numbers and single-byte numbers with
overflow.

*  Implement the subtraction instructions to subtract single-byte numbers and single-byte numbers with
overflow.

*  Recognize flag altering due to addition and subtraction instructions.

Block 2-Lesson 3 - Computer Arithmetic InStructions..........c.cmriiie e -

*  Perform double-precision addition and subtraction in the 8080 and 8086 modes.

*  Perform multi-length BCD addition and subtraction in the 8080 and 8086 modes.

Block 2-Lesson 4 - LOGiC INSErUCHIONS ... sscsr s s sssse e s e nmn e e e e e s smmnmn e e e e s --

*  Explain AND, OR, XOR, and NOT gates.

Understand the concept behind programs involving logic instructions.

State the common purpose of each logic operation.

Perform logic operations on the Nida Model 500EMT Microprocessor Trainer in the 8080 and 8086

modes.

Block 2-Lesson 5 - Compare INStruCtiONS .........ooo i --

*  Understand the concept of how the compare instructions work.

*  Perform compare instructions in the 8080 and 8086 modes using the Nida Model 500EMT
Microprocessor Trainer.

Block 2-Lesson 6 - Increment and Decrement INStructions ..........ccccviiiniicicinnccccree s --

* Increment a register or the contents of a memory location using the increment instruction.

Decrement a register or the contents of a memory location using the decrement instruction.

Block 2-Lesson 7 - JUMP INSIrUCLIONS .........cueciiiiiiiicicceccrrr s cssscr s e e s s sssss e e s e s s nmn e e e e e e s s s mnnn e e e e e s --

*  Define unconditional/conditional jumps and their purposes in the 8080 mode.

*  Calculate 8086 mode jump displacements.

*  Define unconditional/conditional jumps and their purposes in the 8086 mode.

*  Perform unconditional jumps and conditional jumps using the Nida Model 500EMT Microprocessor
Trainer in both 8080 and 8086 modes.

Block 2-Lesson 8 - Multiplication and Division INStructions..........cccooiiiiiiiinicncccr s --

*  Describe multiplication and division in the 8080 mode.

*  Describe multiplication and division using the available instructions in the 8086 mode.

*  Perform multiplication and division instructions using the Nida Model 500EMT Microprocessor Trainer
in both the 8080 and 8086 modes.

Block 2-Lesson 9 - Input and Output Ports INStructions ..........cccccccmiirisccccecernnn e --

*  Implement the INPUT instructions to read data from the user ports.

*  Implement the OUTPUT instructions to write data to the user ports.

*
*
*

*

Block 3-Lesson 1 - Microprocessor Unit (MPU).........ccccociimiimmmesnisss s s s s --

Name the three main sections of a computer.

Recognize pin names on the V30 microprocessor and know the general purpose of each pin.

Describe the clock generator and know its function in a computer.

Describe the internal architecture of the V30 microprocessor and describe the differences between

the 8080 and 8086 modes.

Describe how the microprocessor switches between the 8086 mode and 8080 modes.

*  Observe the waveforms of the crystal oscillator, CLK input to the V30, and the PCLK output, and then
calculate the frequency of each clock.

(2] [oTed [q B =TT oY o Rl - 1 - T = T --

*  Explain what the data bus is and its purpose in a computer system.

*  Explain what a bus transceiver is and its purpose.

*  Explain the control signals involved in a data transfer instruction.

* Read the data on the data bus during a short loop program.

Block 3-LesSSon 3 - AdAreSS BUS ... ms s smss s mnn e e e --

*  Explain the purpose of the address bus.

*  Describe the operation of an electronic latch.

*  Measure and record address bus and address logic signals.

*

*

*

*

° indicates separate trainer
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500EMT MICROPROCESSOR SYSTEMS® continued
(Available in Lab/Text Only)

BIOCK 3-LeSSON 4 = MEMOKIY........cccceiiiieiriieie i s an e s am e e e e

Explain the difference between RAM and ROM and explain the purpose of each.

Examine the signals involved in reading data from the 27C256 EPROM.

* * * *

function.

Block 3-Lesson 5 - Keyboard...........cciiiiiiiieirii e ssss s s

*

Describe the basic Windows® keyboard.

Describe the keyboard microcontroller.

*  Describe Nida Model 500EMT keyboard interface circuitry

*  Observe normal keyboard signals using standard test equipment.

*

(=] [oTed (g B I=T-T1 oY o Tl 1T o - 3SR

*

Describe the operation of a liquid crystal display (LCD).

*

purpose of each support component.
*  Monitor the Nida Model 500EMT display circuit signals.

BlocCk 3-LeSSON 7 = INtErTUPLS ......eeeeiiiii i e

*

Describe how a microprocessor responds to an interrupt.
Describe software interrupts.

Describe hardware interrupts.

Describe the reset interrupt.

Describe the purpose and operation of digital-to-analog conversion circuits.
Describe the operation of the Nida Model 500EMT digital-to-analog converter circuitry.
Convert digital signals to analog waveforms using the S00EMT.

Describe the purposes and operation of A/D conversion circuits.

Determine the parameters of the analog-to-digital converter through experimentation.
Describe Synchronous Serial Interface Operations (SSIO)

Describe Asynchronous Serial Interface Operations (ASIO).

Describe Recommended Standards (RS) for RS-232, RS-422, and RS-485.
Observe an active RS-232 interface during normal operation.

****w***w***w****

Block 3-Lesson 11 - Parallel INterface ........cccoiveeeiiiimiiiiieiiiiessiiirsssisssssssssessssssssnsssssssssssnsnssssnenanss

Describe basic parallel interfacing techniques.

Describe SCSI, HiPPI, and Centronics® parallel interfaces.
Describe Nida Model 500EMT parallel interface 1/O circuitry.
Monitor an active parallel data interface link.

*

*

Block 4-Lesson 1 - Troubleshooting Techniques.........ccccciniiimiiniin

*

Describe the techniques required to troubleshoot a defective microprocessor system.
Describe the procedures and precautions used to handle a microprocessor system.
Describe preventive maintenance.

*

*

Block 4-Lesson 2 - Troubleshooting TOOIS .......c.cccvviiccccemiieiiin e csms s ssmne e e e s

*

Describe the basic tools used to troubleshoot microprocessor systems.
State the characteristics of each tool and how it is used to determine faults.

*

Block 4-Lesson 3 - Troubleshooting Drill and Practice .........cccccviiimiiiiiniiniin e

*

Visually inspect the microprocessor system for faults.
Use troubleshooting trees to diagnose problems in microprocessor operation.
Run diagnostic routines to check for faults in the microprocessor system.

*

*

° indicates separate trainer
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Examine the signals involved in writing data to and reading data from the 28C256 EEPROM.
Measure the power supplied to the memory chips and examine the memory decoder chip select

Describe how the liquid crystal display (LCD) is controlled by the address bus and describe the

Observe the operation of a software interrupt and measure the logic levels in an interrupt controller.
lock 3-Lesson 8 - Digital-to-Analog Converter Interface.........ccccccccecemeririiiscccsseceeens s s sssneeenns

lock 3-Lesson 9 - Analog-to-Digital Converter Interface...........cccoooemmriiiiicccissccrinn e
Describe the operation of the Nida Model 500EMT analog-to-digital conversion circuitry.

lock 3-Lesson 10 -Serial INterface ..........cceeeeiiiiiiiiiimeiiiiiisrrsssss e rssssssss s ssssssssse e esnsnsssssnes

PC CARD

Examine the signals involved in writing data to and reading data from the 62256 Static RAM (SRAM).
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500EMT MICROPROCESSOR SYSTEMS® continued
(Available in Lab/Text Only)

Block 5-Lesson 1 - Sound Capture/Reproduction............ccciicerriinemninnsis s 431
*  Describe the function of a sound capture system.

Describe the operation of a sound capture system.

Record and play back using the sound capture system.

*

*

Block 5-Lesson 2 — DC Motor CONtrol ... s s s mmnnes 184
*  Describe the purpose and operation of a microprocessor feedback controlled motor with a fiberoptic
link.

Describe the purposes and operation of fiberoptic cable interfacing.

Observe the operation of a DAC/ADC conversion circuit, motor feedback control with fiberoptic link,
and the Nida Model 500EMT.

Block 5-Lesson 3 - URrasonic DEVICES .........ccccciiiiiriiiiicie s s s ssmn e s s mne e 250
*  Describe the function of an ultrasonic system.

Describe the operation of an ultrasonic motion detection system.

Describe the operation of an ultrasonic distance measurement system.

Block 5-Lesson 4 - Temperature Control...........cccccciiiiiinii s 189
* Identify the principles and properties of temperature measurement and heat dissipation.

Understand the principles of basic heat sensors and temperature transducers.

Analyze the operation of a solid-state (IC) temperature transducer and control system.

Understand the principles used in a microprocessor-controlled temperature control system.

(2] [oTed [QET ICTT7 07 BTEIECY =T o 071 g 1T [ o) o USSP 181
*  Describe the operation of stepper motors.

Describe the characteristics of stepper motors.

Describe stepper motor driver and controller circuits.

Observe the operation of a microprocessor controlled stepper motor.

*

*

*

*
*

*

*
*
*

MODEL 1443 PROGRAMMABLE LOGIC DEVICES
(Available in Lab/Text Only)

Lesson 1 - Programmable LOgiC DEVICES.......cccouiiiiiiiiiimmiini s smss s sms s e --
*  Identify and describe the basic programmable logic device array structure.

Describe the architecture of programmable logic devices.

Understand the minimizing processes.

Lesson 2 - Programming PLDS........c.cccciiiiiieisiiens s ssssss s s sssss s s sssssss s sssssss s s sses s snssnns 158
*  Describe the PLD programming and verification process.

Program a generic array logic (GAL) device.

Verify the operation of a GAL device.

*

*

*

*

° indicates separate trainer 53
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TELECOMMUNICATIONS |

MODEL 1434 INTRODUCTION TO FIBER OPTICS

T401 - INTRODUCTION TO FIBER OPTICS.........cccocirircmrerisssnnessssssneessssnsessssssesssssnsesssssnsesssssnsesssssnsssssnes --
Explore the history of optical communications.
Discuss how fiberoptic technology evolved.
Discussion of fiberoptic light propagation using a block diagram.
Basic fiberoptic cable construction.
Theory of light propagation.
Explore some of the key advantages of using fiberoptic technology.
Discuss the limitations of fiberoptic technology.
402 - FIBEROPTIC APPLICATIONS ..o cteiicceresrscsseessssss e sssssns e ssssns s s ssssns s e sssssnsesanssnsenanns 301,302,251
Describe the theory of fiberoptic communications.
Identify the purpose of optical transmitters, receivers, and optical fibers.
Understand light energy terms and measurements.
Describe operation of an optical transmitter.
Understand operation and characteristics of incandescent lamps and LEDs as optical transmitters.
Describe operation of an optical receiver.
Understand operation and characteristics of photocells, photodiodes, photovoltaics, and
phototransistors as optical receivers.
Verify the principles of fiberoptic communications.
Demonstrate a simple fiberoptic communication link.
Observe the operation of LEDs and incandescent lamps as light sources.
Observe the operation of photocells, photodiodes, photovoltaic cells, and phototransistors as light
detectors.
T403 - INTRODUCTION TO LASERS .....cooiiccieiicimtesrsssne s sssssne s sssssns e s ssssss e s ssssssesssssssessssssnesssssansessessnsensssnns --
Describe the basic particle theory of light.
Describe the basic wave theory of light.
Describe the principles behind the quantum theory of light.
Define the term Laser.
Describe the quantum theory of radiation.
Describe the characteristics of laser light.
Describe the fundamental elements of a laser.
Describe the various uses of lasers.
404 - FIBEROPTIC CABLE CONNECTIONS........coooiicctiriicmrersscsererssssns e sssssss e s sssssn e s sssssssensssssseneas 301,302
Explain losses due to the different types of misalignment and waveguide geometry.
Describe the basic steps to properly splicing waveguides.
Identify the six requirements for a good connector.
Connectorize a fiberoptic cable properly.
Determine the losses of adding a non-permanent mechanical splice to a fiberoptic cable.
405 - FIBEROPTIC SYSTEM TROUBLESHOOTING ........ccccciiirmrerrnsnrreesssmressssmeesesssssesessssnesenns 301,302
Identify a faulted fiberoptic system.
Develop an organized troubleshooting strategy.
Understand how to isolate a faulted section of a fiberoptic system.
Demonstrate the steps involved in properly troubleshooting a fiberoptic system using a
troubleshooting flowchart.
Examine the characteristics of a faulty transmission circuit, transmission medium, and receiver circuit.

L T
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MODEL 1406 FIBEROPTIC CIRCUITS

A201 - INTRODUCTION TO FIBER OPTICS .......oooiierrrrcere s seresss s ssee s e ssee s e s ssmne s mne s 251,301,302,323
Explain what light is and how it is produced.
Identify the components of the visible spectrum and the optical spectrum.
Describe the difference between reflection and refraction.
Identify the law of reflection and Snell's Law.
Explain total internal reflection.
Explain the operation of a fiberoptic system.
Describe the three sections of a fiberoptic system.
Identify some optical light sources and optical detectors.
Describe the construction of a fiberoptic cable.
Identify some of the advantages and disadvantages of fiberoptic systems.
Become familiar with fiberoptic cables.
Observe the operation of a fiberoptic system.
202 - FIBEROPTIC COMPONENTS.........cciiiiitirircsnneesssssse e s sssns e s sssms e s ssssss e e sssssne e s ssssnsessssansesssssnsessnsnes 251
Define attenuation and bandwidth.
Identify the primary causes of attenuation.
Describe single-mode and multimode optical fibers.
Understand the numerical aperture rating.
Identify some of the characteristics for optical sources.
Describe the difference between homojunction and heterojunction LEDs.
Describe the difference between LEDs and lasers.
Identify some of the characteristics for optical detectors.
Describe the difference between PIN photodiodes and APDs.
Compare the operation of different optical sources to different optical detectors.
Experimentally demonstrate certain limiting characteristics of some fiberoptic components.
203 - SIGNAL TRANSMISSION ........ccceriicmmrrrnesnerrrssseresssssnnesssssssesssssmsesssssmnes 301,302,303,305,306,322
Describe the five areas of signal processing.
Explain AM, FM, PCM, and intensity modulation.
Explain TDM, FDM, and WDM.
Define SNR and BER.
Construct and set up a fiberoptic system utilizing time division multiplexing.
Demonstrate the operational characteristics of time division multiplexing.
204 - FIBEROPTIC CABLE CONNECTIONS ... s sssns s s sms e s sssmn e s 301,302
Explain losses due to the different types of misalignment and waveguide geometry.
Describe the basic steps to properly splicing waveguides.
Identify the six requirements for a good connector.
Connectorize a fiberoptic cable properly.
Determine the losses of adding a non-permanent mechanical splice to a fiberoptic cable.
205 - FIBEROPTIC SYSTEM TROUBLESHOOTING........cccceecemrerrssmressssmsesssssmsesssssssessssssssessssnns 301,302
Identify a faulted fiberoptic system.
Develop an organized troubleshooting strategy.
Understand how to isolate a faulted section of a fiberoptic system.
Demonstrate the steps involved in properly troubleshooting a fiberoptic system using a
troubleshooting flowchart.
*  Examine the characteristics of a faulty transmission circuit, transmission medium, and receiver circuit.

>('>('>('>('>>('***>(~>******>***********>************

MODEL 1407 SIGNAL PROCESSING CIRCUITS

B101 - COMMUNICATION SYSTEMS AND SIGNAL PROCESSING.........ccccccmiiminmnnesnss s --
Describe the basic elements that compose a communication system.

State the two fundamentals limiting factors in a communication system.

Describe the basic difference between analog and digital signals.

Identify various signal processing techniques.

Describe safety.

Describe warning/caution statements and tags.

Describe personal and laboratory safety habits.

L T T
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MODEL 1407 SIGNAL PROCESSING continued

B102 - AMPLITUDE MODULATION .....cooiiictiriicceterssssresssssssesssssssessssssss s sssssssasssssssesasssnsenssssnnenssssnnsssssnnnens --
*  Describe Amplitude Modulation and discuss the characteristics of Amplitude Modulated signals.

*  Generate Amplitude Modulation signals using a function generator.

*  Observe and measure the characteristics of an Amplitude Modulated signal.

B103 - FREQUENCY MODULATION ......cccccieiiicrrrrrsssnrrrasssssesssssssesssssssessssssssesssssnsessssssnsssssssnsesssssnsesssnnnnns --
*  Describe Frequency Modulation.

*  Describe the characteristics of Frequency Modulation.

*  Generate Frequency Modulation signals using a Function Generator.

*  Observe and measure the characteristics of a Frequency Modulated signal.

B104 - SINGLE SIDEBAND AND TRANSMISSION LINES.........cooi e --
*  Identify Single Sideband operating principle.

* ldentify the operation of a Single Sideband transmitter and receiver.

*  ldentify transmission line operating characteristics.

Identify the different types of transmission lines.

B201 - AM CIRCUITS ...t ciieiicirerssssressssssessss s e s ssssss s e sasssn e e easssn e e eassmnanasssmnenasssnnenasssnnansssnnensssssnnenssssnnnns --
*  Describe a diode AM modulator circuit.

*  Describe a transistor collector AM modulator circuit.

*  Describe a transistor series AM modulator circuit.

*  Describe a diode AM demodulator circuit.

*  Describe a transistor AM demodulator circuit.

B202 - BASIC AM CIRCUIT CONSTRUCTION........cccooiiiierrirmre e s s ssms e s s smse s smn e 130X
*  Construct an AM diode modulator circuit.

*  Measure signals in an AM diode modulator circuit.

*  Construct an AM diode demodulator circuit.

*  Measure signals in an AM diode demodulator circuit.

B203 - AM CIRCUIT OPERATION.......ciiiiicctiiiicnrterssssr e ssssse e s ssssss e s ssssss e e sasssnsesssssnsesssssnsessassnsnenssssnsnsas 91,92
*  Observe the operation of a transistor collector modulator transmitter.

*  Measure signals in a transistor collector modulator transmitter.

*  Observe the operation of a diode demodulator receiver.

*  Measure signals in a diode demodulator receiver.

B204 - AM CIRCUIT TROUBLESHOOTING .........cooiiirrrrnererrnssmerrsssmeesssssnsesssssnme e sssssmsesssssmsesssssnnees 91,92
*  Determine if an AM transmitter and receiver system is operating correctly.

*  Identify the faulted circuit in a malfunctioning AM transmitter and receiver system.

= I 1T 0 | 305 U O --
B

B

B

*

Describe a reactance modulator circuit.
Describe a varactor modulator circuit.
Describe an IC Voltage Controlled Oscillator.
Describe a slope demodulator circuit.
Describe a ratio demodulator circuit.
206 - BASIC FM CIRCUIT OPERATION .......coiccierinserersssssnerssssssensssssmsesssssmsssssssnsessssssnessssssnensasssnsnnas 130X
Construct a FM reactance Modulator circuit.
Measure signals in a FM reactance modulator circuit.
Construct a FM slope demodulator circuit.
Measure signals in a FM slope demodulator circuit.
207 - FM CIRCUIT OPERATION ...t rmre s ssme s ssme s sms s s e mn e s smme e s e e mmn s 86
Observe the operation of a varactor (VCO) modulator transmitter.
Measure signals in a varactor (VCO) modulator transmitter.
Observe the operation of a discriminator demodulator receiver.
Measure signals in a discriminator demodulator receiver.
Observe the operation of a ratio demodulator receiver.
Measure signals in a ratio demodulator receiver.
208 - IC FM CIRCUIT OPERATION .......iiiiceeriscmeeressmre s ssssmnessssssne e ssssane e s ssssms e s sssamsessnssmsesssssnsesssnnes 336
Observe the operation of a ratio demodulator receiver.
Measure signals in a integrated circuit transmitter and receiver.
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MODEL 1407 SIGNAL PROCESSING continued

B209 - FM CIRCUIT TROUBLESHOOTING.........ccceiiirimrrnmrrssms s s sssss s sss s s s s sssmssssss s sssms ssssnssnsmssssnns --
*  Determine if a FM transmitter and receiver system is operating correctly.
Identify the faulted circuit in a malfunctioning FM transmitter and receiver system.
Determine if a FM transmitter and receiver system is operating correctly.
Identify the faulted circuit in a malfunctioning FM transmitter and receiver system.
B210 - ANALOG PULSE MODULATION .......cociiiiirierisnssissnssssssssssssssssssssssssss s ssssssnssssssssssssss ssssmssnsssssnsens -
*  Define analog pulse modulation.
*  Describe pulse amplitude modulation.
*  Describe pulse width modulation.
Describe pulse position modulation.
B301 - PULSE CODE MODULATION (PCM) .....cccoiiitrinstmisnissss s ssssss s s ssssssssssssss s ssss snsssssnsssssssns --
*  Describe Pulse Code Modulation.
Describe the characteristics of PCM signals.
Describe the block diagram of a PCM modulator.
Describe a typical PCM modulator circuit.
Describe the block diagram of a PCM demodulator.
Describe a typical PCM demodulator circuit.
302 - PCM CIRCUIT OPERATION .....ccicitiiiriseninssien s s ssss s s s s sssss s ssms ssss s sssnssnssnsssnns 284,326,327
Observe the operation of a typical PCM modulator.
Measure signals in a typical PCM modulator.
Observe the operation of a typical PCM demodulator.
Measure signals in a typical PCM demodulator.
303 - PCM CIRCUIT TROUBLESHOOTING.........cccoctrimrinntnisesmnsnsssss s ssss s s sssssssssnesnns 284,326,327
Determine if an PCM transmitter and receiver system is operating correctly.
Identify the faulted component in a malfunctioning PCM transmitter and receiver system.
304 - DELTA MODULATION (DIM) .....ooiiiiiiinirsmsrsessssssssssmssssssssssssssssssssmssssssssssmssasssssssnssssssssssmssssnsssssnes -
Describe Delta Modulation
Describe the characteristics of DM signals.
Describe a typical DM modulator circuit.
Describe the MC3418 DM modulator integrated circuit.
Describe a typical DM demodulator circuit.
Describe the MC3418 DM demodulator integrated circuit.
305 - DELTA MODULATION (DM) CIRCUIT OPERATION.......ccccctimimrmrnirinnrsnne s snss e 332,333
Observe the operation of a typical DM modulator.
Measure signals in a typical DM modulator.
Observe the operation of a typical DM demodulator.
Measure signals in a typical DM demodulator.
306 - DM CIRCUIT TROUBLESHOOTING .......ccciiiirinmirienisss s sssss s s ssssssssmssnssssssnas 332,333
Determine if an DM transmitter and receiver system is operating correctly.
Identify the faulted component in a malfunctioning DM transmitter and receiver system.
307 - FREQUENCY SHIFT KEYING (FSK) ....ccccciiiiriiimiiriis s ssss s s s sssss s s s s e -
Describe Frequency Shift Keying.
Describe the characteristics of FSK signals.
Describe a typical FSK modulator circuit.
Describe the MC14066 analog switch and ICL8038 VCO integrated circuits.
Describe a typical FSK demodulator circuit.
Describe the NES65 and NES67 PLL integrated circuits.
308 - FREQUENCY SHIFT KEYING CIRCUIT OPERATION .......ccoociomiirirsree s 328,329
Observe the operation of a typical FSK modulator.
Measure signals in a typical FSK modulator.
Observe the operation of a typical FSK demodulator.
Measure signals in a typical FSK demodulator.
309 - FSK CIRCUIT TROUBLESHOOTING........cccooctmimrinsieissnssssssssss s ssss s ssssssssssssssssssses 328,329
Determine if a FSK transmitter and receiver system is operating correctly.
Identify the faulted component in a malfunctioning FSK transmitter and receiver system.

*

*

*

*

**w****w******w**w****w******w**w****w*****
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MODEL 1407 SIGNAL PROCESSING continued

B310 - PHASE SHIFT KEYING.......cooccciiiicceieriscsresssssseesssssssessssssss e sssssns e sssssnnanesssnnenessssssssssssnsesssnnsnssssnnnens --
*  Describe Phase Shift Keying.
Describe the characteristics of PSK signals.
Describe a typical PSK modulator circuit.
Describe a typical PSK demodulator circuit.
B311 - PHASE SHIFT KEYING CIRCUIT OPERATION .......oooiicirerererssser e e s e e e sssmne e ssnsnns 323,330,331
*  Observe the operation of a typical PSK modulator.
Measure signals in a typical PSK modulator.
Observe the operation of a typical PSK demodulator.
Measure signals in a typical PSK demodulator.
B312 - PHASE SHIFT KEYING TROUBLESHOOTING........ccccccooiriimrrr e sssee e sssme e 323,330,331
*  Determine if a PSK/QPSK transmitter and receiver system is operating correctly.
*  ldentify the faulted component in a malfunctioning PSK/QPSK transmitter and receiver
system.
B401 - TIME DIVISION MULTIPLEXING ......cococcccteriscnrerssssseersssssresssssssesssssssessssssmsssssssnsesssssnnessssssnsssssnnens --
*  Describe Time Division Multiplexing.
Describe the characteristics of TDM signals.
*  Describe a typical TDM multiplexer circuit.
*  Describe the MC14051 circuit used as a TDM multiplexer.
B402 - TIME DIVISION MULTIPLEXING CIRCUIT OPERATION........cccooiiirrrecee e 305,306,322
*  Observe the operation of a typical TDM multiplexer.
Measure signals in a typical TDM multiplexer.
Observe the operation of a typical TDM demultiplexer.
Measure signals in a typical TDM demultiplexer.
B403 - TDM CIRCUIT TROUBLESHOOTING. .......ccoiiceeieircsmeersssnmeessssnsesssssnnsessssnnessssssnsessssanes 305,306,322
*  Determine is a TDM transmitter and receiver system is operating correctly.
*  ldentify the faulted component in a malfunctioning TDM transmitter and receiver system.
B404 - FREQUENCY DIVISION MULTIPLEXING........ccccoiccoieeiccmrersssmnessssssses s s ssme e sssssmsesssssmnesssssmsesssssnnenes --
Describe Frequency Division Multiplexing.
Describe the characteristics of FDM signals.
Describe a typical FDM multiplexer circuit.
Describe the NE564 PLL circuit used as a FM modulator.
Describe a typical FDM demultiplexer circuit.
Describe the NE564 PLL circuit used as a FM demodulator.
405 - FDM CIRCUIT OPERATION .....coooiciiiirccressssne e s ssssnse s s ssms e s ssssms e s sssmse s sssssnessssssnssssnsnnes 322,324,325
Observe the operation of a typical FDM multiplexer.
Measure signals in a typical FDM multiplexer.
Observe the operation of a typical FDM demultiplexer.
Measure signals in a typical FDM demultiplexer.
406 - FDM CIRCUIT TROUBLESHOOTING .......ccoiicecieerrnmressssmresssssnsesssssnsessssssnsesssssnsessnssnes 322,324,325
Determine if a FDM transmitter and receiver system is operating correctly.
Identify the faulted component in a malfunctioning FDM transmitter and receiver system.

*

*

*

*

*

*

*

*

*

*

**w****w******

MODEL 1428 DATA NETWORKS
(Available in Lab/Text Only)

Lesson 1 - Broadband Networks ... e s --
*  Describe Integrated Services Digital Network (ISDN).

*  Describe Switched Multimegabit Data Service (SMDS).

*  Describe Asynchronous Transfer Mode (ATM).

*  Describe Synchronous Optical Network (SONET).
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MODEL 1428 DATA NETWORKS continued
(Available in Lab/Text Only)

Lesson 2 - Network TOPOIOgY ......ccuiiimiiiiiiiiinsrr s s s ssn s s s s s --
Describe Point-to-Point Topology.
Describe Bus Topology.
Describe Star Topology.
Describe Ring Topology.
Describe Fiber Distributed Data Interface (FDDI).
esson 3 - Serial Data INterfaces..........cciiiiinin i ———————————— -
Describe Synchronous Serial Interface Operations (SSI0).
Describe Asynchronous Serial Interface Operations (ASIO).
Describe Recommended Standards (RS) for RS-232, RS-422, and RS-485.
esson 4 - Data Network Operations ...........ccccciiiiiinninnin s 345(x3), 345A
Observe the operation of a data network.
Identify relationships between data rate and bandwidth.
Examine frame formats and byte-oriented protocols.
Recognize and diagnose data frame collisions.

* * * *l_ * * *l_ * * * * *

MODEL 1429 DIGITAL TELEPHONE CIRCUITS

T601 -INTRODUCTION TO COMMUNICATION SYSTEMS ...t s ssssne e --
Define the basic elements that make up communication systems.
Describe circuits and components that are contained in the elements of communication
systems.
Describe bandwidth as a limiting factor in communication systems.
Describe noise as a limiting factor in communication systems.
T602 TELEPHONE SYSTEMS ..o i cciiiicscrerissseessssssesssssssesssssssessssssssssssssssesssssnsessassnsessassnsessasnsesssnsnns --
Define the basic telephone system construction.
Describe the local area telephone network.
Describe local area telephone calling.
Describe the local loop.
Describe the long distance telephone network.
Describe a typical long distance hierarchy telephone system.
603 - TELEPHONE EQUIPMENT ......cooiiiiinicccer s sccmee s s s e s s sssms e s s s s e s s mn e s s smne e s s smne s e s smmenensnmmnnes 337 (2)
Describe the operation of the mechanical telephone set.
Describe the operation of the electronic telephone set.
Observe the operation of an electronic telephone set and local loop.
Measure signals in the local loop of an electronic telephone set.

*

*

*

L T T

TELECOMMUNICATION SYSTEMS

T610 - INTRODUCTION TO TELECOMMUNICATIONS.........cooiiiiiriirirmr s ssss s es s e s s sms s s --
Define Telecommunications.
Identify a basic telecommunications system.
Identify the mission of the Federal Communications Commission (FCC).
Identify types of telecommunications systems.
Recognize the difference between wired and wireless.
Describe basic electromagnetic wave principles.
Understand the anatomy of the frequency spectrum.
605 - TYPES OF TELECOMMUNICATIONS CAREERS.........ccooomnimirininin s s -
Identify types of careers that support the telecommunications industry.
Identify the educational requirements of telecommunications careers.
Describe certification requirements of the telecommunications industry.

* Ok k] F Ok R Xk F
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TELECOMMUNICATION SYSTEMS continued

T606 - HISTORY OF TELECOMMUNICATIONS........co ottt

*

Identify innovators and inventors in the telecommunications industry.
Describe a brief history of telecommunications.

*

T607 - SPECIAL INTEREST GROUPS. ...t

*

Describe telecommunications industry special interest groups.

T608 - TELECOMMUNICATIONS TERMINOLOGY .......ooriiiiin s

*

Recognize terms, jargon and acronyms associated with the telecommunications industry.
Define telecommunications terms using the appropriate jargon and acronyms.
Identify symbols/flowcharts related to the telecommunications industry.

*

*

T61 1 - CONNECTION LINKS. ...ttt as s s s s n e s a s e

Define a connection link, a physical link, and an atmospheric link.
Understand the purpose of a connection link.

Understand the effects of bandwidth, attenuation, and EMI.
Define a metallic link.

Define a non-metallic link.

Identify a fiberoptic link.

State the advantages of a fiberoptic link.

Identify a radio link.

Identify a microwave link.

Identify a satellite link.

* * * * * * * * *

T612 - INTRODUCTION TO NETWORK SWITCHING.........cccooiirrininnersnn s

Define and identify the purpose of switching in a telecommunications network.
Describe the four major methods and variations of switching in a telecommunications
network.

*

T613 - BROADCAST SYSTEMS ...t s an e s s

*

Identify and discuss the different types of broadcast systems.
Define and explain the role of broadcast systems in telecommunications.
Explain the purpose and use of the Global Positioning System.

*

*

T614 - SPREAD SPECTRUM MODULATION ...t ss s s nn e

*

Identify the different techniques of spread spectrum modulation.
Define and explain the purpose of spread spectrum modulation.
Describe the PN sequence generation in spread spectrum systems.

*
*

*

Describe the theoretical and physical structures of a cellular telephone system and
discuss the different multiplexing techniques used.

Define cellular telephony and associated terminology.

Explain the process of a cellular telephone call and state the difference between the
original mobile telephone and cellular telephone.

T616 - INFORMATION SYSTEMS ...t s e

Describe LAN, WAN, and MAN computer networks.

Identify the topologies and common components of the various types of networks.
Define the term network and associated terminology.

Understand the RF and IR wireless networks and explain the benefits they provide.
Describe the use of spread spectrum in wireless networks.

Describe satellite telecommunications systems including satellite types and capabilities.
Understand the advantages and disadvantages of satellite radio.
List multiple access techniques and common satellite electronic circuits.

L A
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Describe the need and process for synchronization and preamble in spread spectrum systems.
T615 CELLULAR TELEPHONTY .....coiiiiiiriinisies s s s s sss s s s s s s s s s s

617 - SATELLITE SYSTEMS ... s s



PC CARD
MODEL 1436 ADVANCED TELEPHONE CIRCUITS
(Available in Lab/Text Only)

Lesson 1 - Telephone Operation .........ccccciiviiccimnnnnn e 301,302,303,305,306,322,326,327

*  Describe time division multiplexing and how it is used in telecommunication systems.

*  Describe pulse code modulation and how it is used in telecommunication systems.

*  Describe fiberoptic transmission mediums and how they are used in telecommunication systems.

*  Observe the operation of time division multiplexing, pulse code modulation, and fiber optics in a
telecommunication system.

MODEL 4444 RF COMMUNICATIONS

T901 - INTRODUCTION TO COMMUNICATIONS .......cccccieericmterrscneressssssresssssns e ssssss e s ssssssesesssssessnssnsenaans --
*  Define a typical communications system.
*  Understand common communications terminology.
*  Understand the process of sound to audio frequency, audio frequency to sound
conversion.
T921 - WAVE PROPAGATION .......oiiiiiccrerissmresssssssessssssse s sssssse s sssssseesssssnsesssssnsesssssnsessassnsesssssnsessssnsesssnsans --
*  Define Wave Propagation.
*  Define Wave Propagation terms.
*  Describe wave characteristics and their propagation paths.
T922 HF FUNDAMENTALS ...t iirere s s s s s s s s e ssn e s s s e ms e e s e e e nmn e s e s nmn e e e s s mnn s --
Define the purpose of an HF system.
Identify the HF frequency range.
Define the different modes of operation of an HF system.
Describe the HF system components.
Describe a block diagram of an HF system.
Understand HF Radio system circuit functions.
Understand basic Fault Isolation of an HF system.
902 - AMPLITUDE MODULATION (AM) RECEIVERS ... e e sssee e ssssne e 438,439,440
Define and understand Amplitude Modulation and Heterodyning.
Identify the major components of a typical AM receiver.
Explain the major methods of tuning.
Experiment - The AM Signal.
903 - AM RECEIVER ANALYSIS ...t sss s s s mn e s s amn s 438,439,440
Identify AM Receiver components.
Describe AM Receiver component functions.
Examine the operation of AM Receiver circuits.
T904 - AM RECEIVER TROUBLESHOOTING.........ccccetreumrrrnssmrerssssnnersssssnessssssmsesssssnsesssssnnens 438,439,440
*  Practice troubleshooting AM receivers
T905 - FREQUENCY MODULATION RECEIVERS...........ooiiiiierireressssseessssssss s sssssssessssssssssssssssssssnssssanss --
*  The merits and deficiencies of FM vs. AM.
*  Terminology associated with FM.
*  FM Generation Methods.
*  Methods of Tuning.
T906 - FM RECEIVER ANALYSIS ...t sse s s s s ssms s ssme e s smnn s 441,442,443
*  Perform schematic analysis of an FM Receiver.
*  Analyze the FM Receiver circuits used in the FM Receiver.
*  Perform a receiver alignment on an FM Receiver.
T907 - FM RECEIVER TROUBLESHOOTING ..........timiiciirrircneresscssnnesssssssesessssmessssssmsesssssmnenes 441,442,443
*  Practice troubleshooting FM receivers.
T908 AM/CB TRANSCEIVER ...........eiirceeiiccerersssssse s sssssse s s s ssse e s s s ssne s s s sane e s s same e s ssssmenssssnmenssssnnnnssssnnnns --
Understand a transmitter block diagram.
Identify high level modulation.
Understand amplitude modulation and its power requirements.
Understand VSWR and SWR.
Understand a receiver block diagram.
Describe a CB radio.

* * 3('_' * * * >('_| * * * * * *

*  * kX *
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MODEL 4444 RF COMMUNICATIONS continued

T909 — AM/CB TRANSCEIVER ANALYSIS ... eerrrcirrrsssresssssssessssssssssssssms e s s s smnenssssnnenes 444,445,446
*  Examine the major sections of a CB Transceiver.

Experiment - Observe a signal on a CB Transceiver.

T910 - TRANSCEIVER (CB) TROUBLESHOOTING ........cccceiiimrrrrnererssssnnersssssmeesssssmsensssssnens 444,445,446
*  Localize and isolate faults.

T911 - SINGLE SIDEBAND TRANSMITTERS/RECEIVERS ...........ooiiiiicierrrcerrsrssere e sssser e ssssne e sssssne e ennnas --
*  Define and describe SSB Communications.

Understand SSB Generation (Transmitters).

Understand SSB Receivers.

TO12 - SSB ANALYSIS ...t s e s 450,451,452,453,454,455
*  Analyze the SSB transmitter and receiver.

Examine the SSB transmitter and receiver circuits.

T913 - SSB TROUBLESHOOTING.........cccctetrcnmtrriesneersssmnesssssnneessssaneesssssmsessssnns 450,451,452,453,454,455
*  Understand the particulars of troubleshooting SSB equipment.

Identify faults in a typical SSB system.

T914 - NARROW BAND FIV......cooiiiciiiiscereeisssssresssssseessssssesssssssesssssssssssssssessssssssssssssnsesssssnsessnssnsenas 456,457
*  Understand NBFM theory and analysis.

Observe signals associated with NBFM systems.

T915 - NARROWBAND FM TROUBLESHOOTING.........cccoiiimmrrrnmreressmreesssssme e e sme e ss s smee s smnees 456,457
*  Understand the particulars of troubleshooting Narrowband FM equipment.

Identify faults in a typical Narrowband FM system.

T916 COMMUNICATIONS TROUBLESHOOTING .......cccoiciiriirmrerinsmne s sssmne s sssssns s sssssns s s s ssms s s s ssmse s ssssnes --
Perform an assessment of an FM receiver.

Localize a faulty receiver stage.

Isolate faulty components.

Reassess a receiver after repair.

*

*

*

*

*

*

*

*
*

*

MODEL 3301 BASIC MICROWAVE

8101 - INTRODUCTION TO MICROWAVES ........coooicrerrnrrrrrsssnrerssssmsesssssnsesessssmessssssssesssssnsesssssnnesssssnees --
Describe the history of microwave inception and explain how microwave communications were
initiated.

Identify basic microwave principles and recognize the Radio Frequency Spectrum.
Identify microwave frequencies and factors affecting communications.

Identify metric prefixes

Perform conversions between different metric prefixes.

102 - INTRODUCTION TO MICROWAVE SYSTEMS ..........cciiiiererrrnrrersssssressssne e sssssss s sssssssesnnns 307,308

Identify various stages in a basic microwave communication system.

Describe the basic principle of multiplexing.

Describe the purpose of microwave repeater stations.

Identify basic microwave components and devices.

Observe the effects of blocked microwave transmission signals and misaligned
microwave antennas.

Become familiar with the Nida Model 330 Microwave Trainer.

8103 - MICROWAVE TRANSMITTERS..........ooii et s s 307,308

*  Describe the operation of typical microwave transmitters.

Describe the operation of the receiver in the Nida Model 330 Microwave Trainer.

Observe and trace signals through a basic microwave transmitter.

8104 - MICROWAVE RECEIVERS ........cooiiiiciiiiscsressssssseesssssssessssssesssssssessssssssssssssssesssssnsesssssnsessans 307,308

*  Describe the operation of typical microwave receivers.

Describe the operation of the receiver in the Nida Model 330 Microwave Trainer.

Observe and trace signals through a basic microwave receiver.

8105 WAVEGUIDE THEORY .......ooiiiicieriicsrersssmsesssssmsessssssseessssame e ssssameesssssmeesssssmsesssssmsesssssnsessssnsnsssssnnens --

Describe a waveguide and explain the advantages and disadvantages of waveguides over other

means of transferring RF energy.

Explain how waveguides are developed from parallel to wire transmission lines.

Describe waveguide plumbing.

* * * * * 00 * * * *

*

*

*

*

*
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MODEL 3301 BASIC MICROWAVE continued

8106 - ANTENNAS ........eeeiiicccetir it s rr e e rsssn e e s e s s e e e s s se e e easns e e eassn e e easasneeeasssnneeanssnneneasannennssnnennnen 307,308
*  Describe the basic construction and theory of operation of horn antennas.

Describe the basic construction and theory of operation of microwave reflectors.

Describe the basic construction and theory of operation of microwave lenses.

Verify that microwave signals can be reflected.

8107 - CAVITY RESONATORS AND TUBE MICROWAVE DEVICES..........ccccciiirirrrscmrersssseeessssssessssnnes --
*  Describe the purpose of cavity resonators.

*  Describe the basic theory and operation of cavity resonators.

*  Describe the basic principle of microwave tubes and their limitations.

Describe the basic theory and operation of Klystrons and Magnetrons.

8108 SEMICONDUCTOR MICROWAVE DEVICES..........ccoiiiririrr e ssme s s s ms e s mne s --
Describe the limitations of Bipolar and Field Effect Transistors at microwave frequencies.

Describe methods to minimize limitations in Bipolar & Field Effect Transistors at microwave
frequencies.

Describe the basic theory of operation of Varactor Diodes, Tunnel Diodes, Gunn Diodes,

and DROs.

*
*

*

*

*

MODEL 3302 MICROWAVE COMMUNICATIONS
(Available in Lab/Text Only)

Lesson 1 - Introduction to Microwave Communications...........cccccccciciicncrcrcncccccccsccese e 307,308
*  Describe the reasons why microwaves are used in the communications field.
Describe the various signal processing techniques that are used in microwave transmission and
reception.
Set up and align the microwave trainer for use in communication systems.
Lesson 2 - Pulse Modulation (PCM)........ccccoiiiimmminimnnisss s s ssssss s ssase e 307,308,326,327
Describe the three basic methods of analog pulse modulation.
Describe pulse code modulation (PCM) for digital signals in detail.
Describe PCM modulator circuits.
Describe PCM demodulator circuits.
Observe the normal operation and troubleshoot typical PCM modulator and demodulator circuits.
esson 3 - Frequency Shift Keying (FSK) .......cccoiriiimiiniicnnnnr e 307,308,328,329
Describe the characteristics of Frequency Shift Key (FSK) signals.
Describe FSK modulator circuits.
Describe FSK demodulator circuits.
Observe the normal operation and troubleshoot an FSK transmitter and receiver.
esson 4 - Phase Shift Keying (PSK).......ccccoiniimmriniimnn s e 307,308,323,330,331
Describe the characteristics of Phase Shift Keying (PSK) signals.
Describe PSK modulator circuits.
Describe PSK demodulator circuits.
Observe the normal operation and troubleshoot a PSK transmitter and receiver.
esson 5 - Time Division Multiplexing (TDM)........ccooccccirmmrmmrinscccssseeereeeeessnens 303,305,306,307,308,322
Describe the characteristics of Time Division Multiplexing (TDM) signals.
Describe TDM multiplexer circuits.
Describe TDM demultiplexer circuits.
Observe the normal operation and troubleshoot a TDM transmitter and receiver.
esson 6 - Frequency Division Multiplexing (FDM)........cccccoiiiiiiiimnnnennnnccnnes 303,307,308,322,324,325
Describe the characteristics of Frequency Division Multiplexing (FDM) signals.
Describe FDM multiplexer circuits.
Describe FDM demultiplexer circuits.
Observe the normal operation and troubleshoot an FDM transmitter and receiver.
esson 6A - Frequency Division Multiplexing (FDM)......ccccccevieccccecenennnnnn. 303,307,308,322,324A,325
Describe the characteristics of Frequency Division Multiplexing (FDM) signals.
Describe FDM multiplexer circuits.
Describe FDM demultiplexer circuits.
Observe the normal operation and troubleshoot an FDM transmitter and receiver.

*

*

L I el D T R o R N N
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PC CARD
MODEL 3303 STANDING WAVE RATIO MEASUREMENT
(Available in Lab/Text Only)

Lesson 1 - Standing Waves and FreqUENCY.........cccveerininermiinisssnisss s ssssss s ssssss s s ssss s sssans 304,307

*  Describe standing waves in a microwave system.

*  Describe the Standing Wave Ratio (SWR) and SWR measurement in a microwave system.

*  Describe frequency measurement in a microwave system.

*  Observe standing waves and, measure the Standing Wave Ratio and frequency in a microwave
transmitter waveguide.

MODEL 3304 MICROWAVE REFLECTION
(Available in Lab/Text Only)

Lesson 1 - Reflection and Polarization ... e 307,308
*  Describe the basic characteristics of reflected microwaves.
Describe the basic characteristics of polarized microwaves.
Observe and measure reflected and polarized microwaves.

*

*

MODEL 205ECT RF COMMUNICATIONS®
(Available in Lab/Text Only)

Block 1-Lesson 1 - History of Communications .........cccccciiiniemmminimsnsss s e --
*  Describe a brief history of the important discoveries in the field of communications.

Recognize and avoid potential dangers when working in and around electronic devices.

Demonstrate good personal and laboratory habits.

Block 1-Lesson 2 - General Communications Theory ...................... 205ECT-3, 205ECT—4, 205ECT-5
*  Describe a typical AM receiver and transmitter.

Describe a typical FM receiver and transmitter.

Describe the Nida Model 205ECT and its operating procedures.

Block 1-Lesson 3 - Theory of Power SUPPHIES ......cccccccemeiiiiiiiicccssccrre s rs s sssss s s s ss s sssmns s e e ss s s sssmmnsnses --
*  Describe the purpose of a power supply.

Describe a typical block diagram of a power supply.

Describe typical half wave, full wave, and bridge rectifier circuits.

Describe typical shunt regulator, series regulator, and current limiter circuits.

Block 1-Lesson 4 - Power Supply RippIe ..... . 205ECT-3
*  Define power supply ripple and recognize it on the oscilloscope.

*  Measure ripple voltage and calculate % ripple.

*  Identify the ripple in a typical power supply.

Block 1-Lesson 5 - Output IMpedance...........iiiiiccccsecrirei s cccscrrr e csss s e e ssmn e e e e s s nn e e e e e s --
*  Understand how output impedance relates to power supplies.

Measure output impedance of power supplies.

Measure the output impedance of a typical power supply.

Block 1-Lesson 6 - Audio Amplifier Theory ... --
*  Describe the purpose of the audio section in a communications receiver.

Describe the five classes of amplifiers.

*  Analyze the audio section of the Nida Model 205ECT.

Block 1-Lesson 7 - Voltage Amplifier Frequency ReSPONSe..........cciiiiiiiiiciisninr s --
*  Perform frequency response measurements on an audio voltage amplifier.

Produce a graph showing the frequency response of the audio voltage amplifier in the Nida 205ECT.
Block 1-Lesson 8 - Voltage Amplifier Input Impedance...........cccveomrrrccerrsscce e e e --
*  Measure the input impedance of an audio voltage amplifier.

Block 1-Lesson 9 - Square Wave TeStiNg......ccccccriiiiicinemimneiinissssssscsressssssssssssssssssssssssssssssssssssssssssssssssnsses --
*  Appreciate the value of square wave testing.

Interpret square wave test patterns.

Perform a square wave test on the audio voltage amplifier used in the Nida Model 205ECT.

*

*

*

*

*
*

*

*

*

*

*

*

*

° indicates separate trainer
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MODEL 205ECT RF COMMUNICATIONS® continued
(Available in Lab/Text Only)

Block 1-Lesson 10 - Harmonic Distortion..........cccooiimiiininccccsrrne s ssms s s sns e e s --
*  Recognize the presence of harmonic distortion.

Demonstrate a technique for measuring harmonic distortion.

Measure the amount of 2nd harmonic distortion present at the output of the voltage amplifier in the
Nida Model 205ECT.

*

*

Block 2-Lesson 1 - AM Broadcast Receiver TheOry ... s --
*  Draw a block diagram of an AM broadcast receiver.

Describe the AM broadcast receiver circuits used in the 205ECT.

Block 2-Lesson 2 - Heterodyning .......cccceiccccecimiiiiniscccssceses s sss s sssssss s s s ss s ssssss e s s ssssssssmssessnees 205ECT-3
*  Understand the heterodyning process and observe its operation in an AM receiver.

Describe the "image frequency" phenomenon.

Block 2-Lesson 3 - IF Frequency ReSPONSE.........coucveirinemniinsmsninsss s sssss s ssnne s 205ECT-3
* Understand a typical IF response curve.

Measure the IF response of a receiver.

Block 2-Lesson 4 - IF Amplifier Gain ... e 205ECT-3
*  Perform a voltage gain measurement of an IF amplifier.

Determine the dB gain of individual and cascaded amplifiers.

Perform gain measurements of the IF amplifier in an actual receiver.

Block 2-Lesson 5 - AM Detector Operation........cccccoccccceimiiiinsccccsecrrre s e s smeene e 205ECT-3
* ldentify the waveforms present in an AM detector.

Identify the voltages normally present in an AM detector.

Block 2-Lesson 6 - Automatic Gain Control (AGC) ......ccccceiriicccccncrrrer s e s ssmneneeees 205ECT-3
*  Recognize a typical AGC circuit in operation.

Measure the performance of the AGC circuit used in the AM receiver.

Block 2-Lesson 7 - AM Broadcast Receiver NOiSe ........ccccoiiiicccimmrinnnicscceenee e 205ECT-3
*  Calculate the receiver noise figure (NF).

Practice a simple technique for measuring receiver noise.

Block 2-Lesson 8 - AM Broadcast Receiver Sensitivity........c.cccenriimmrinnisnieen 205ECT-3
*  Practice a technique for measuring the sensitivity of a receiver.

Measure the sensitivity of the Nida AM broadcast receiver.

Block 2-Lesson 9 - Image Frequency Rejection ... 205ECT-3
*  Define image rejection.

Describe simple and effective methods of measuring image rejection.

Perform an image rejection measurement on an actual AM receiver.

Block 2-Lesson 10 - AM Broadcast Receiver Alignment ..., 205ECT-3
*  Understand why receivers are aligned.

Describe the techniques for receiver alignment.

Perform an alignment on an actual AM receiver.

Block 2-Lesson 11 - Adjacent Channel Rejection ........c.ccccciiiimminniinnnsneseseneen 205ECT-3
*  Recognize adjacent channel signals.

Describe a simple and effective method of measuring adjacent channel rejection.

Measure the adjacent channel rejection on an actual AM broadcast receiver.

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

Block 3-Lesson 1 - FM ReCeIVEr ThEOKY ...t irsssccssssrs s s ss s sssme e s s e s s nmns e e e e e sn s nssne s e neees --
*  Describe the differences between AM and FM receivers.

Describe circuit operation of FM front end circuits (RF amplifier, oscillator and mixer).

Describe the operation of the IF section and FM decoder circuits.

Describe the operation of the FM stereo transmitter to a basic block diagram level.

Block 3-Lesson 2 - FM Receiver Operations............oc oo 205ECT-4
* Identify the 10.7 MHz intermediate frequency FM signal.

Manually tune the receiver and perform decoder alignment.

*  Assess stereo quality and adjust the IF section.

*
*

*

*

° indicates separate trainer
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MODEL 205ECT RF COMMUNICATIONS® continued
(Available in Lab/Text Only)

Block 3-Lesson 3 - FM Receiver NOISe ... csmmr s sssms e s mmmn e e 205ECT-4
*  Understand why FM receivers are "immune" to noise.

Measure the noise performance in the Nida FM Stereo Receiver.

Compare the typical noise performance of an FM receiver with that of an AM receiver.

Block 3-Lesson 4 - FM Receiver Image Rejection ........ccccccmiiemmminniisninnsssnsesssess s 205ECT-4
*  Demonstrate a technique for measuring the image rejection of an FM receiver.

*

*

Block 4-Lesson 1 - TranscCeiver TREOIY ... s e --
*  Define the term transceiver.

*  Describe the block diagram of the Nida Model 205ECT AM Transceiver.

*  Describe the performance certification of transmitters and receivers.

Block 4-Lesson 2 - Transceiver SWitChiNg......cccccvivcccccceiiiiisssccceeerrr e 205ECT-5
*  ldentify the technique used to switch stages in and out of the transmit/receive mode in

the Nida Model 205ECT Transceiver.

Identify the stages that are being switched in the Nida Model 205ECT Transceiver.

Block 4-Lesson 3 - Communications Transmitter Theory.........ccccccceiiiiinin s --
*  Describe the block diagram of an AM communications transmitter.

*  Describe the circuits used in the Nida Model PC205ECT-5 AM Transceiver.

*  Describe the phenomenon of standing waves and how they affect power transfer.

Block 4-Lesson 4 - Measuring OUtpUt POWET ...........cccomiriiminnnceres e e e me e e 205ECT-5
*  Describe different ways of measuring transmitter output power.

Measure the output power of a transmitter. o )

*  Construct and use an RF probe. ° indicates separate trainer

Block 4-Lesson 5 - Transmitter Alignment...........ccocoviiii e 205ECT-5
*  Perform transmitter alignment.

Understand the relationship between output power and modulation.

Block 4-Lesson 6 - Transmitter Percent Modulation............cooccoiiiinccccsi e, 205ECT-5
*  Understand percent modulation and how it affects the transmitted signal.

Measure percent modulation.

Block 4-Lesson 7 - Communications Receiver Theory..........ccciiiceceriisscernrscceessscmee s s seee s e s smeeeas --
*  Identify the differences between an AM broadcast receiver and an AM communications receiver.
Describe the block diagram of the AM communications receiver.

Describe the receiver circuits used in the Nida Model 205ECT AM Transceiver.

Block 4-Lesson 8 - AM DetecCtor ... s 205ECT-5
*  Understand the function of a typical AM detector circuit.

Observe the signal waveforms present in an AM detector.

Block 4-Lesson 9 - Automatic Gain Control............occcoiiniiiiicccecrre e 205ECT-5
*  Understand what AGC is and how the AGC voltage is developed.

Measure the AGC voltage range in a communications receiver.

Record the variation of the AGC voltage as the signal strength varies.

Block 4-Lesson 10 - AM Communications Receiver NOISe .......cccccccccmrrrermemrnsscerssssscenssssceenas 205ECT-5
*  Calculate the receiver noise figure (NF).

Practice a simple technique for measuring receiver noise.

Block 4-Lesson 11 - AM Communications Receiver Alignment.............ccccocccmrrririiccccencennnnnn, 205ECT-5
*  Understand why communications receivers are aligned.

Describe the techniques for receiver alignment.

Perform an alignment on the Nida AM transceiver.

Block 4-Lesson 12 - Adjacent Channel Rejection ..........cccccriiiimiincinnnccsnn e 205ECT-5
*  Measure adjacent channel rejection.

Compare the adjacent channel rejection of the communications receiver with that of the broadcast
receiver.

Block 4-Lesson 13 - AM Receiver Sensitivity .......ccccccccinrimmminnimnse e 205ECT-5
*  Practice a technique for measuring the sensitivity of a receiver.

Measure the sensitivity of the CB receiver in the Nida transceiver.

*

*

*

*

*

*

*

*

*

*

*

*

*

*

° indicates separate trainer
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MODEL 205ECT RF COMMUNICATIONS® continued
(Available in Lab/Text Only)

Block 4-Lesson 14 - SQUEICh ... 205ECT-5
*  Describe how the squelch circuit in the Nida transceiver works.

Define and measure the "squelch threshold".

Measure the squelch threshold in the Nida transceiver.

*

*

Block 5-Lesson 1 - Single Sideband TheOory .......cccccvimiimmm s --
*  Describe single sideband (SSB) operation, including advantages and disadvantages.

Describe basic SSB circuitry.

*  Describe the Nida Model 205ECT SSB Transceiver to the block diagram level.

Block 5-Lesson 2 - Balanced Modulators..........ccccccuiiiiicccimemrinnnnssscssssseses s sssssssssscsssssssssnsns 205ECT-7 (2)
*  Understand the operation of balanced modulators.

Understand Weaver SSB mixing techniques.

Block 5-Lesson 3 - SSB Transceiver Alignment...........ccoccciiniiimmiemnsse s 205ECT-7 (2)
*  Align a Weaver type SSB transceiver.

Identify various SSB waveforms.

*

*

*

Block 6-Lesson 1 - Narrowband FM (NBFM) Theory ..o sssneens --
*  Describe narrowband FM (NBFM) operation, including advantages and disadvantages.

Describe basic NBFM circuitry.

*  Describe the Nida Model 205ECT NBFM Transceiver to the block diagram level.

Block 6-Lesson 2 - Narrowband FM (NBFM) Transceiver Alignment.........ccccccoeveccccinecenennn. 205ECT-6
*  Align a typical NBFM transceiver.

Identify various NBFM signals and waveforms.

*

*

Block 7-Lesson 1 - Troubleshooting..........ccccuimiinimiii s --
*  Describe the four-phase process of basic troubleshooting.
*  Recall series and parallel laws.
*  Understand how to troubleshoot diodes, transistors, capacitors, and power supplies.
*  Describe TTL and CMOS characteristics and troubleshooting methods.
*  Understand signal tracing and signal flow.
Block 7-Lesson 2 - Troubleshooting Exercises
................................................................. 205ECT-3, 205ECT-4, 205ECT-5, 205ECT—6, 205ECT-7
Apply the four-phase process of basic troubleshooting.
Localize a problem to a particular stage or section.
Identify the bad component within the localized stage or section (Isolation).
Systematically observe a tuned frequency along its signal path (Signal Tracing).
Apply a generated signal to some point along the signal path (Signal Injection).

* X kX *

° indicates separate trainer
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INDUSTRIAL TECHNOLOGY

7107 - INTRODUCTION TO TRANSDUCERS

*

*

7101 - NATURE OF LIGHT

*
*
*

*

710
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68

2 - LIGHT TRANSDUCERS

103 - LIGHT TRANSDUCER OPERATION

105 - HEAT TRANSDUCERS

106 - HEAT TRANSDUCER OPERATION

201 - NATURE OF MOTION

MODEL 1405 TRANSDUCERS

Identify Types of Transducers
Understand Transducer Operating Principles.

Describe opto-electronics.

Describe the classification of opto-electronics devices.
Describe light.

Describe photometric and radiometric energy.

Describe the ratings of light sources.
Describe incandescent lamps.
Describe LEDs.

Describe the ratings of light sensors.
Describe photocells.

Describe photodiodes.

Describe photovoltiacs.

Describe phototransistors

Observe the operation of typical light transmitters.

Measure the voltage/current characteristics of typical light transmitters.

Observe the operation of typical light receivers.

Measure the resistance/current/voltage characteristics of typical light receivers.
104 - NATURE OF HEAT

Describe thermo-electronics.

Describe the classification of thermo-electronics devices.
Describe heat.

Describe heat-measuring systems.

Describe heat units.

Describe 12R heat generators.

Describe thermal resistance.

Describe heat dissipation.

Describe mechanical heat sensors.
Describe thermo-couples.

Describe thermistors.

Describe resistance temperature detectors.
Describe solid state sensors.

Observe the operation of typical heat sensors.
Measure the resistance/voltage output of typical heat sensors.
Determine the sensitivity of typical heat sensors.

Define motion.

Describe distance and velocity as related to motion.
Describe acceleration as related to motion.

Define circular motion.

Describe the rotation per minute as related to circular motion.

Describe runout rate and runout distance as related to circular motion.



PC CARD
MODEL 1405 TRANSDUCERS continued

7202 - MOTION TRANSDUCERS..........iiiiiiiiicceterssssee s s s s e s s s s s e s s s sms e e s s smn e e e s smne e e s same e s s s same e e s s nmee s snnnnns --
Describe photo interrupter motion sensors.
Describe photo reflector motion sensors.
Describe magnetic pickup motion sensors.
Describe velocity circuits.
Describe acceleration circuits.
Describe rpm circuits.
203 - MOTION TRANSDUCER OPERATION ... s s e 255
Observe the operation of typical motion sensors.
Measure the rpm and velocity output of typical motion sensors.
Measure acceleration/deceleration using an oscilloscope.
204 - NATURE OF POSITION.........ccotiiiicteriscsnneesssssseesssssss e sssssns e s ssssssessssssssssasssssesasssssessnssnsesssssnssssssnsnnsans --
Define position.
Describe positional devices.
Describe the characteristics of prime movers.
Calculate various output quantities of prime movers.
205 - POSITION TRANSDUCGERS ........cccociiiierrrrrssnrrrrsssnresssssressssseesssssssesesssnsessasansessasansessassnsessasansaseans --
Describe analog angular position sensors.
Describe analog linear position sensors.
Describe digital angular position sensors.
Describe digital linear position sensors.
206 - POSITION TRANSDUCER OPERATION ........coiiiicitrrircneeesscssseessssnne e s ssssms e s sssmne s ssssmnesssssnneessnsnnes 256
Observe the operation of an encoder position sensor.
Measure the output signals in an encoder position sensor.
Observe the operational of an increment position sensor.
LAB/TEXT LESSONS
1405-Lesson 1 Photoelectric TranSAUCEIS ..........ooicciiimiiiiiiiiccemrr e smme e 251
*  Analyze the DC characteristics of devices that convert electricity into light.
*  Analyze the DC characteristics of devices that convert light into electricity.
*  Observe the usage of optical fiber as a medium for light transmission.
1405-Lesson 2 Temperature TraNSAUCENS .......ccciiiiiccirscerereinisssssssserreresssssssssmsnsssssssssssssssessssesssssssan 252
*  Analyze the static thermal sensitivity of 4 basic temperature transducers.
*  Determine the range, linearity, and sensitivity of various thermal transducers using graphical analysis.
*  Analyze dynamic temperature transducer amplifiers, including null type bridge circuits (Optional
Activities).
1405-Lesson 3 Motion Detection...............eiiiiiiic e 255
* Identify the principles of motion transducers.
*  Compute linear and circular motion rates based on a system's mechanical and electrical parameters.
*  Analyze the operation of optical-motion-to-frequency and motion-to-analog-DC-voltage transducer
circuits for rpm and velocity.
*  Analyze the operation of optical-motion-to-analog-DC-voltage transducer circuits for acceleration and
deceleration (Optional Activities).
1405-Lesson 4 Position Detection ...........ccccriiiiiiiicccimcirr e 256; 257(opt)
*  ldentify the principles of analog and digital position-sensing circuits.
*  Compute linear and rotary position based on electrical and mechanical circuit parameters.
*  Analyze the operation of an encoder wheel position-sensing circuit with CCW/CW sensing and digital
readout.
*  Analyze the operation of an increment wheel position-sensing circuit with pulse-modulated 2-digit,
7-segment readout (Optional Activities).
1405-Lesson 5 Digital-to-Analog Conversion (D/A) .......cccocceeerrrreeeerrrssreresssreeesssneesssanes 256,257,258
*  Identify the principles of serial or parallel digital to analog conversion terms and circuits.
*  Analyze the operation of a simple R-2R D/A circuit used for increment wheel position sensing.
*  Analyze the operation of a DAC-08 D/A integrated circuit used for increment wheel position sensing
(Optional Activities).
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1405-Lesson 6 Analog-to-Digital Conversion (A/D) .........ccceemriinienninnsnnsninnssssisssss e 260; 252(opt)
Identify the principle of analog-to-digital conversion.
Analyze various discrete and IC A/D frequency circuits.
Analyze the operation of a 555 timer for A/D frequency conversion.
Analyze the operation of a 565 phase locked loop for D/A conversion.
Analyze a complete temperature to 7-segment readout A/D count system (Optional Activities).
405-Lesson 7 Pulse Modulation and Demodulation .......c.cceeciiiimciiiimiinimesin e eesasnns 261,273
Analyze the operation of IC PAM and PWM modulation circuits.
Analyze the operation of IC PAM and PWM demodulation circuits.
Analyze the operation of a PPM modulator/demodulator circuit.
405-Lesson 8 Pulse Code Modulation............coooriiiiiiiiiiii e 262,269
Analyze the operation of a pulse code modulator circuit with DC inputs.
Analyze the operation of a pulse code demodulator circuit with DC inputs.
Analyze a complete PCM system for sample rates and reconstruction errors with AC inputs.
405-Lesson 9 Time Division MultipleXing ........cccooomiiiiiiiiiiir e 72,271,272
Understand the basic principles of multiplex-demultiplex in telemetry circuits.
Analyze the operation of an IC analog TDMUX circuit.
Analyze the operation of an IC analog TDDEMUX circuit.
Determine the effects of frame and sample rates on DEMUX reconstructed analog waveforms
(Optional Activities).

L T N S G D = Y B N G R I

MODEL 1432 INTRODUCTION TO MOTORS

T300 - MAGNETISM AND ELECTROMAGNETIC PRINCIPLES..........ccoocmrirererensnmer s seeeesssmnes 182, 183
Define magnetism.
Describe different types of magnetism.
Describe relays, motors, transformers, and generators.
Observe magnetic poles.
Demonstrate temporary magnets.
Examine electromagnetic operation.
Demonstrate an application of magnetism.
305 - MAGNETIC CALCULATIONS ........iiiicceeerircmee s s sssnse s s s ssme e s s ssms e s s s me e e s s smne s s s smmenesssnnens -- (Optional)
Describe properties of magnetic lines of force.
Identify magnetic and non-magnetic materials.
Identify the characteristics of electromagnetism.
Calculate magnetomotive force.
Calculate magnetic field strength.
Determine force.
Determine torque.
Understand the operation of magnetic circuits.
Understand the effects of magnetic and non-magnetic materials in magnetic circuits.
Use magnetization curves for magnetic materials.
Examine step-by-step solutions to numerical examples.
Define solenoids.
Describe the operation of typical solenoid circuits.
Introduce numerical examples of simple solenoid circuits.
301 - INTRODUCTION TO ROTATING MACHINERY .......oiiiirerircmeesscsmeesssssme e s s s e s s e s s s smmessssssnenes --
Describe the various devices that are called rotating machinery.
Describe speed, torque, counter electromotive force, loads, power, and efficiency in rotating
machinery.
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T302 - DC MOTORS AND GENERATORS ... ciriccterircece e s sssmee s s ssmse s s s sms e s s s snne s s s snme e sssssmnesssssmnanas 180
Describe the operation of DC motors.
Describe the operation of DC generators.
Observe the normal operation of a DC motor/generator set.
Measure signals in the control circuits for a DC motor/generator set.
Troubleshoot a DC motor/generator set.
303 - STEPPER MOTORS .........oiiiiiccerircrerssssee s ssssne e sssssne e sssssne e s sssnme e s sssame e s sssamsessssamnessnsnsessnsnsessnssnns 181
Describe the operation of stepper motors.
Describe the characteristics of stepper motors.
Observe the normal operation of stepper motors.
Measure signals in the control circuits for stepper motors.
Troubleshoot stepper motors.
304 - AC MOTORS AND GENERATORS .........ccitirerrrrsssnrersssssnensssssssesssssssessssssssssssssnsesssssnsesssssnnessssssnens --
Describe motor theory of operation.
Describe AC motor construction.
Discuss terms and types of AC motors.
Discuss the equivalent model of an induction motor transformer.
Discuss general AC generator theory.
Describe generator construction.
Describe generator characteristics.

*
*
*
*
*
T
*
*
*
*
*
T
*
*
*
*
*
*
*

MODEL 170 MOTOR CONTROL SYSTEMS

T311 - DC SERIES FIELD MOTORS .......ccooiccciieiicmrensssmeessssmse s ssssssessssssns e s ssssnsesssssnsesssssnsesssssnseessnsanssassnns --
Identify the principles and types of rotating machinery (motors).
Describe basic DC motor action.
Describe the DC Series Field motor.
Identify the principles of circular force and torque.
Describe the characteristics of a DC Series Field motor.
Identify the loaded characteristics of a DC Series Field motor.
312 - BRUSHLESS DC MOTORS .......ooiiicitiirisenrersssssserssssssessssssssssssssssesssssssessssssnessasssssssssssnsssssssnnesssnnnens --
Identify the physical characteristics of BLDC motors.
Describe the advantages of BLDC over other types.
Understand basic BLDC types, applications, and configurations.
Describe motor drive, position sensing, and other controller functions.
314 - TROUBLESHOOTING AC MOTORS ..o cierircmerrssme s ssssme e s s e e s s sms e s s smne e s s smme e e s smmn e nesssmnenas --
Describe safety issues related to motor troubleshooting.
Describe routine maintenance on motors.
Describe a visual check of a motor.
Describe an operational check and a performance test.
315 - PULSE WIDTH MODULATION & AMPLIFICATION .......ccoiiiirnire e sssee e e 178,179
Identify the principles of pulse width modulation.
Describe the operation of PWM motor control.
Describe the operation of a PWM Amplifier/Driver.
316 - OPEN LOOP MOTOR SYSTEM EXPERIMENT .......cceiiiireirsseresssssmeesssssssesssssssessssssnsessnsnns 178,179
Describe an open loop motor system.
Examine simple block diagrams of open loop systems.
List the terminal characteristics of an armature-controlled motor.
Measure circuit frequency and calculate rpm.
321 - MOTION DETECTION.........coiiiiiieiiere e s s s s s s sane s s s amn e s s samn e s amn e s snnmes 177,178,179
Identify the characteristics of linear motion.
Identify the characteristics of circular motion and motion transducers.
Compute linear and rotary motion rates based on system mechanical and electrical parameters.
Analyze motion to frequency for rpom and velocity.
Analyze motion to analog DC for rpm and velocity.
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MODEL 170 MOTOR CONTROL SYSTEMS continued

T322 - ERROR DETECTION AND FEEDBACK ...t irerccerrrecceeesss s ssee s s ssms s s smn e s s mne s 177,178,179
*  Describe a closed loop feedback controlled motor system.
Identify simple block diagrams of closed loop systems.
List the functions that a closed loop feedback system performs.
*  Measure the error and feedback signals in a closed loop DC motor system.
T323 - TROUBLESHOOTING CLOSED LOOP SYSTEMS ........cooccooirreererenmeeressseme e e e 177,178,179
*  Describe the four-step process of basic troubleshooting.
*  Describe component isolation, signal tracing and signal injection.
Trace signal flow through a closed loop feedback system.
Troubleshoot and fault isolate to the circuit level of a closed loop feedback system.
T331 - POSITION DETECTION.........cotiiiicitiriiccererssssresssssssessssssns s sssssnnesssssnnenessssmnnsssssnnenssssnnenes 177,178,179
*  Define position.
Describe positional devices.
Describe the characteristics of prime movers.
Calculate various output quantities of prime movers.
Describe analog angular position sensors.
Describe analog linear position sensors.
Describe digital angular position sensors.
Describe digital linear position sensors.
Compute linear and rotary position based on electrical and mechanical circuit parameters.
Analyze the position detection operation of an encoder wheel with CCW/CW sensing.
332 - PROPORTIONAL, INTEGRAL, & DERIVATIVE (PID) CONTROL SYSTEM.........ccccccevrecmrersrcncen --
Identify the principles of Proportional and Derivative control.
Identify the principles of Proportional and Integral control.
Identify the principles of Proportional, Integral, and Derivative control.
333 - PID CONTROL SYSTEM EXPERIMENT........cccccmiirsmrerrnsnressssssesssssnsessssssneesssssnsessnsanes 177,178,179
Identify the Proportional, Integral and Derivative circuits.
Adjust the PID proportional gain.
Adjust the PID integral reset control.
Adjust the PID derivative rate control.

*

*

*

*

L A T TR

MODEL 5050 PROGRAMMABLE LOGIC CONTROLLERS®

N101 -INTRODUCTION TO PLCS ...cccciirinnerrinererssssssssssssssssssssessssssms s sssssms e sssssmsesessssnsssssssmessssssns 5050-1
Recognize a basic PLC block diagram.
Identify the basic PLC functions.
Identify PLC principles of operation.
Recognize and understand a simple ladder logic diagram.
Recognize the symbols used in a basic ladder logic diagram.
Use the PLC trainer to control LEDs.
Use the PLC trainer to control the motor.
Understand how the PLC's operation changes by changing the ladder logic program.
105 - PLC TRAINER FAMILIARIZATION ......coiiiiieiereereressmeeessssmseesssssseesssssms e ssnssssesssssnsessnsssnnenans 5050-1
Identify the power requirements for the Nida Model 5050 PLC Trainer.
Recognize trainer controls, switches, and indicating devices.
Identify an experiment card.
Describe insertion and removal procedures.
Perform procedures to start an experiment.
Insert and remove an experiment card.
Perform procedures to end an experiment.

* * * * * * >('Z * * * * * * * *
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N102 - PLC HARDWARE ...........cooiiticieeircrcee s s sme e s s ssms e s sssms e s s s s smn e s s s smn e e s s smne e e s nme e e s s snme e e s s nmnansnnnnnnan
Understand the functions of /0O modules.
Identify the different types of I/0O modules.
Know the basic operation of both discrete and analog /0O modules.
Know the function of the processor module’s microprocessor (CPU).
Describe a memory map and the different memory modules.
Know the purpose of the communications circuitry.
Understand the scan cycle.
Use an analog I/O module for analog input and output devices.
Use an analog I/0 module for an analog input device with a relay
Observe the processor modules operation using the scan cycle.
103 - PLC PROGRAMMING..........cciiiiiimtiriissnressssssseesssssse e ssssse e s sssns e s sesnsesssssnsesssssnseessssnnsessnsnsessnns
Understand the arrangement of input instruction for AND and OR operations.
Identify different input instruction.
Identify different output instructions.
Use a four step process to develop an organized programming strategy.
Identify the correct ladder logic program for a specified process.
Understand the basic operation of counter instructions.
Use the sequencer instruction to display the contents of a data file.
Observe an application of the sequencer instruction.
104 - PLC TROUBLESHOOTING ........ciiiirrimrr e s s s s s ms s s 5050-1,
Use a four-step process to develop an organized troubleshooting strategy.
Identify areas of a PLC controlled system most and least likely to fail.
Observe and understand the normal operation of a PLC controlled system.
Recognize a faulty PLC controlled system.
Identify the possible causes of the faulty system.
200 — RSLOGIX FAMILIARIZATION.........ciiiiicceeeiccmeersssmnesssssnse s s ssssme e s ssssme s ssssmsasssssmnesssssnnenssnsnnnns
Understand the different file types associated with the PLC.
Recognize the importance of proper configuration settings.
Understand the process for creating ladder programs.
Develop an understanding of commands used for ladder program development.
Identify the different modes of operation of the PLC.
Understand the usage of each processor mode.
Understand the steps required to transfer a file to and from the PLC.
201 - APS FAMILIARIZATION ....coooeieiiccerersssseresssssssessssssse s sasssse s sssssnnesssssnsesssssnsensssssnessssssnnensssnens
Understand the different file types associated with the PLC.
Recognize the importance of proper configuration settings.
Understand the process for creating ladder programs.
Develop an understanding of commands used for ladder program development.
Understand the usage of each processor mode.
Understand the steps required to transfer a file to and from a PLC.
202 - BIT INSTRUCTIONS.........ooiiiicerrrscmrersssmee s ssssme e s ssssmn e s s s sms e s s smne e s same e e s snmeeesssnmeesssssmsenssnnnnnas
Understand the concepts of bit instructions.
Describe the operation of bit instructions.
Demonstrate the usage of bit instructions.
203 - TIMER AND COUNTER INSTRUCTIONS ........coiiiericcecre s secee s ssme e s s e s s smn e e s smna e e s nmne s
Understand the concepts of timer instructions.
Describe the operation of timer instructions.
Understand the concepts of counter instructions.
Describe the operation of counter instructions.
Demonstrate the usage of timer and counter instructions.
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N204 - 1/0O AND INTERRUPT INSTRUCTIONS ..o ciiricirrresceressssseessssssse s essssme s sssssmn e sssssmnesesssnnenessssnnns --
Understand the concepts of I/O instructions.
Describe the operation of I/O instructions.
Understand the concepts of Interrupt instructions.
Describe the operation of Interrupt instructions.
Demonstrate the usage of I/O instructions.
205 - COMPARISON INSTRUCTIONS ... ierirrrerrsssmrrrsssmresssssssessssssnessssssmesessssmessssssmsesssssnsesssssnnees --
Understand the concepts of comparison instructions.
Describe the operation of comparison instructions.
Demonstrate the usage of comparison instructions.
206 - MATH INSTRUCTIONS ...ttt s sr e s s s s sm e s e me e e mn e e e s mn e e e s n e e e e mmnn s --
Understand the concepts of math instructions.
Describe the operation of math instructions.
Demonstrate the usage of math instructions.
207 - MOVE AND LOGICAL INSTRUCTIONS.........cccmiiemrrrrnsnrerssssssesssssssessssssnsesssssssensssssnessssssnsesssssnnens --
Understand the concepts of move instructions.
Describe the operation of move instructions.
Understand the concepts of logical instructions.
Describe the operation of logical instructions.
Demonstrate the usage of move and logical instructions.
208 - FILE INSTRUGCTIONS........cooiiitiriirrrinsssns s ssssss s s ss s s s sms e s ssn e s s sm s e es s ms e s e s mn e se s smne s e nnenssssnnens --
Understand the concepts of the File instructions.
Describe the operation of File instructions.
Demonstrate the usage of File instructions.
209 - BIT SHIFT, FIFO AND LIFO INSTRUCTIONS.........ccoiiiiitericcerer s sene s s s ssse s s s ssss e s s ssms e s s ssmn e sssssmnenas --
Understand the concepts of the Bit Shift, FIFO and LIFO instructions.
Describe the operation of the Bit Shift, FIFO and LIFO instructions.
Demonstrate the usage of Bit Shift instructions.
210 - SEQUENCER INSTRUCTIONS ........ooiiiiiirrrrmerrsssmeesssssssessssssmeesssssmeenssssnsesssssnnensssssmsesasssnsessssnnnes --
Understand the concepts of the Sequencer Instructions.
Describe the operation of the Sequencer Instructions.
Demonstrate the usage of Sequencer Instructions.
211 - CONTROL INSTRUGCTIONS ......cooiiiiiiiieir e ssssss s ssss s s s s ms s s ms e ss s sms s s s s smn e s s s smmessssssmensssnmnnes --
Understand the concepts of the Control Instructions.
Describe the operation of the Control Instructions.
Demonstrate the usage of Control Instructions.
301 - TRAFFIC LIGHT CONTROL SCENARIO ......cccoicctiriccmeeesscsseee s s ssmee s ssssse e sssssneessnsnns 5050-1, 5050-3
Develop ladder logic programs to satisfy the needs of the traffic light control scenario.
Demonstrate knowledge of programming the PLC.
302 - ELEVATOR CONTROL SCENARIO........cccooicirerrrererrsssresssssssessssssssesssssssesssssnsessanas 5050-1, 5050-4
Develop ladder logic programs to satisfy the needs of the elevator control scenario.
Demonstrate knowledge of programming the PLC.
303 - SECURITY CONTROL SCENARIO .........coiiiiirrirrrrrnere s s ssss s ssss s ms e s mna s smme s 5050-5
Develop ladder logic programs to satisfy the needs of the security system scenario.
Demonstrate knowledge of programming the PLC.
304 - AMUSEMENT RIDE SCENARIO ......cocccociiiiicnererrsceressssseesssssssessssssss e sssssssesssssnsessnas 5050-1, 5050-6
Develop ladder logic programs to satisfy the needs of the amusement ride scenario.
Demonstrate knowledge of programming the PLC.
N305 - POWER MANAGEMENT SYSTEM SCENARIO .......cccoccccirirccrrnrcee s smee s me e s s smne s ssnes 5050-7
* Develop ladder logic programs to satisfy the needs of the power management system
scenario.
* Demonstrate knowledge of programming the PLC.
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MODEL 1442 TEMPERATURE CONTROL SYSTEMS
(Available in Lab/Text Only)

Lesson 1 - Temperature Transducers and Control ...........cccccecmiiniiinnincien e 189,190
*  ldentify the principles and properties of temperature measurement and heat dissipation.

Understand the principles of basic heat sensors and temperature transducers.

Analyze the operation of a solid-state (IC) temperature transducer and control system.

Lesson 2 - Temperature Display and Warning..........cccoooommiiiiiiiicnsmnns s ssssmmenes 189,190,191
*  Describe the process of a basic digital temperature display system.

*  Describe the process of an audio/visual temperature warning system.

*  Analyze the operation of a temperature-activated warning system.

*

*

HYDRAULIC/PNEUMATIC SYSTEMS

TCO01 - INTRODUCTION TO HYDRAULIC SYSTEMS ........cocccieriieterrscnresssssseesssssse e sssssss e s ssssssssssssnssesanes --
Describe hydraulics.
Understand the concept of hydraulics.
Realize hydraulic applications.
Understand basic hydraulic safety.
Describe a basic hydraulic system and its components.
Describe different system components and their schematic symbols.
CO02 - INTRODUCTION TO PNEUMATIC SYSTEMS........cooiiiirrirrr e me s mn e s --
Describe Pneumatics.
Understand the concept of Pneumatics.
Realize Pneumatic applications.
Understand basic Pneumatic applications.
Describe a basic Pneumatic System and its components.
Describe different system components and their schematic symbols.
CO03 - FLUID SYSTEM VALVE OPERATION .....cooiiicciirircsmerssssnnenrsssssessssssssesssssssesssssssessssssmsesssssnsesssssnnens --
Recognize valves used in hydraulics and pneumatics.
Demonstrate the knowledge of the theory and applications of valves used in hydraulics and
pneumatics.
TCO04 - HYDRAULIC AND PNEUMATIC PUMPS............iiiiiiiere s ssss s ssssss s s s s s s s snsmnn e sasas --
*  Recognize the types of pumps used in hydraulic systems.
*  Recognize the types of pumps used in pneumatic systems.
*  Demonstrate the knowledge of pump operation and application.
*  Understand the causes of common pump failures.
T
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Describe the basic repairs needed to restore pumps.

C05 - TROUBLESHOOTING HYDRAULIC AND PNEUMATIC SYSTEMS ..........ccoocmminimmrninnnnsnnseeenas --
Recognize the symptoms of common hydraulic and pneumatic component failures.
Demonstrate component troubleshooting procedures.

SYNCHRO/SERVO CIRCUITS

6401 - INTRODUCTION TO SYNCHROS ...t ssr s s sss s s sss s sms s san s s sms s ss e sssmsssssnansns -
*  State the definition of a synchro.

Identify synchro schematic symbols.

Identify the basic design of a synchro.

Demonstrate knowledge of the functions of the Torque Transmitter and the Torque Receiver.

6402 - DIFFERENTIAL TRANSMITTERS.......cccciiiriiiiir s s s s s s s s s s sssms s snsnans -
*  State the definition of the Torque Differential Transmitter used in a synchro system.

Identify the synchro Torque Differential Transmitter schematic symbol.

Understand the functions of a Torque Differential Transmitter.

6403 - CONTROL SYNCHRO SYSTEMS..........ccooiiiiiiiiirirss s sssms s ssss s sssssssssssssss s sns s ssss ssssmssssssssnns -
*  Describe the differences between Torque Synchro Systems and Control Synchro Systems.

Identify Control Synchro schematic symbols.

Demonstrate knowledge of the functions of the Control Transformer and Control Transolver.

*
*

*

*

*

*

*
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6404 - TROUBLESHOOTING SYNCHRO SYSTEMS. .........oooooiiiriirrrir s ssms s s sss s ssmssnns -
*  Recognize symptoms of rotor winding failures in synchro systems.

Recognize symptoms of stator winding failures in synchro systems.

Demonstrate knowledge of the troubleshooting methods and techniques in repairing synchro
systems.

6405 - STABILIZED PLATFORMES ..ottt ss s s s s s s s as s s s s sss s sssmssssns snnns -
*  Define the terms, abbreviations and symbols associated with gyros.

Describe the principles of operation of a gyroscope.

Describe the construction of a gyroscope.

Define the terms, abbreviations and symbols associated with stabilized platforms and

accelerometers.

Describe the principles of operation of a stabilized platform.

*

*

*
*
*
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TRANSPORTATION

MODEL 1431 AUTOMOTIVE ELECTRONICS

L101 - INTRODUCTION TO THE AUTOMOBILE...........cooiriiiinreenneense s

*  Understand the history of the automobile.
*  ldentify nine automobile systems.
*  Identify careers associated with the automobile.

L102 - ELECTRICAL SYSTEM.......coiviiirimimnemnsnnsnsss s sssssssssssssssssenas

*  Identify an automobile battery.
*  Identify devices of the automobile.
*  Understand how the devices get electrical energy from the battery.

*  Understand that a computer can control some systems of the automobile.
L103 - CHARGING and IGNITION SYSTEM..........ccccociirnrinrnnmsrsss s ssss s sssssesnns

*  Understand how the alternator works to recharge the battery.
*  Understand how the ignition coil works to ignite the fuel in the engine.

L104 - FUEL SYSTEM.......o i sn s s

*  Understand how a carburetor functions.
*  Understand how fuel injection functions.

L105 - THE ENGINE........oo it ss s s s s s ms s s s s s s

*  Identify basic engine parts.
*  Understand how the engine functions.
*  Understand how engines are classified.

L106 - THE COOLING SYSTEM......cccciiiiiiimninnenninnnisses s ssss e ssenas

*  ldentify the parts of the automobiles cooling system.
*  Understand the function of the cooling system.

L107 - THE HYDRAULIC SYSTEM .......ooiiiiiiri e ssane s

*  Understand the automobiles braking system.
*  Understand the automobiles power steering system.

L108 - AIR CONDITIONING AND HEATING SYSTEM..........ccoiiiienieneneenas

*  Identify the major parts of the air conditioning system.
*  Understand how the air conditioning system functions.
*  Identify the parts of the heating system.

*  Understand how the heating system functions.

L109 - DRIVE TRAIN AND SUSPENSION .......ccccciimiiimninninnennnnnnessssssssnssnens

*  ldentify the parts of the drive train.

*  Understand the function of the drive train.
*  ldentify the parts of the suspension.

*  Understand the function of the suspension.

L110 - BODY DESIGN.......coi i n s s s s

* ldentify the automobile body parts.
*  Understand the function of the automobile body parts.

L201 - AUTOMOTIVE SAFETY ...ccceiimimisrinimninnssssnssn s sssssssssssssssssssssssssseeas

*  Identify safety habits associated with electrical and other equipment.
* Identify hazards associated with the automobile.

L202 - TRAINING EQUIPMENT FAMILIARIZATION ........ooomiimiiirninnen e

*  Identify the power requirements for the training hardware.
* ldentify the test console controls, switches, and indicators.
* ldentify an experiment card and practice installing/removing it.
*  Practice making power supply voltage and current selections.

L203 - METRIC NOTATION ...t s

Convert between decimal and powers of ten.

Convert between decimal and metric prefixes.

Adding, subtracting, multiplying and dividing powers of ten.
Adding, subtracting, multiplying and dividing metric prefixes.
Understand metric notation applications in automobile.

*  *  * X
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L204 - VOLTAGE, CURRENT AND RESISTANCE .........cccoiriccrrrircece s ssce s s ssmse s sssmn e s s smne e s s ssme s s s snmnns --
*  Describe an atom and its structure.

*  Define electric charge as it relates to electrons and protons.

*  Describe the law of electrostatic force.

*  Define voltage and the volt as the unit of measure.

*  Define the relationship between voltage and potential difference.

*  Define current and the ampere as the unit of measure.

*  Describe a conductor and the behavior of electrons in a conductor.

*  Describe an insulator and the behavior of electrons in an insulator.

*  Identify the purpose of a resistor.

*  Identify the unit of resistance as the ohm.

L205 - SWITCHES and PROTECTIVE DEVICES ...t rccsee s sese e s ssse e s ssms e s s smn e s s smnesssssmnnnas --
*  ldentify the purpose of a switch.

*  ldentify switch schematic symbols.

*  ldentify schematic symbols for fuses and circuit breakers.

*  Identify a fusible link.

L301 - INTRODUCTION TO MULTIMETERS. ........ooeiiciieiecceeersssnresssssssssssssssensssssme s sssssmnesssssnsesssssnnensssssnens --
*  Describe the purpose of a multimeter.

*  Identify the electrical quantities measured by multimeters.

*  Identify analog and digital multimeter displays.

*  Describe the five functional sections of multimeters.

*  Describe the purpose of each functional section.

* Read a analog meter scale.

*  Compare meter readings to selected voltages.

L302 - MULTIMETER USE.........ieiieieiiccere s s ssse s sssss s s sssms s s ssssne s s ssne s s s sane e s sssans e s sesansessassnsessnnsesssnnnns 701
*  Understand the operation of an analog multimeter.

*  Understand the steps to make a proper measurement using an analog multimeter.
*  Understand the operation of a digital multimeter.

*  Understand the steps to make a proper measurement using a digital multimeter.

L303 - VOLTAGE MEASUREMENTS..........ooiiiciiriiccrrsssmeersssmr e s e sms e s ssssmne s sesssne e s sssamsessssamsessnssnsessnsnns 701
*  Describe how to set-up a multimeter to measure voltage.

*  Describe how to read a multimeter's display when measuring voltage.

*  State the precautions to observe when making voltage measurements.

*  Make voltage measurements with an analog and digital multimeter.

L304 - CURRENT MEASUREMENTS ........cciiiiiitiriiinneesssssseesssssseesssssms e s sssssse s ssssnsessssssnsesssssnsessessnsesssnnns 701
*  Describe how to set-up a multimeter to measure current.

*  Describe how to read a multimeter's display when measuring current.

*  State the precautions to observe when making current measurements.

*  Make current measurements with a multimeter.

L305 - RESISTANCE MEASUREMENTS .........ccccciiiicrrrrsssrressssssresssssss e s ssssssessssssssesssssssesssssnsessnssnsensanen 708
*  Describe how to set-up a multimeter to measure resistance.

*  Describe how to read a multimeter's display when measuring resistance.

*  State the precautions to observe when making resistance measurements.

*  Make resistance measurements with a multimeter.

L306 - INTRODUCTION TO THE OSCILLOSCOPE ...........coiiiirrimre e s 708,708
*  Describe the purpose of an oscilloscope.

*  ldentify the quantities measured by an oscilloscope.

*  Describe single trace and dual trace oscilloscopes.

*  ldentify the four main functional sections of an oscilloscope.

*  Describe the purpose of each control and switch on an oscilloscope.

*  Set up an oscilloscope for normal operation.

*  Use an oscilloscope to analyze a waveform.

*  Measure voltage using an oscilloscope.
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L401 - OHM'S LAW AND POWER
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L402 - SERIES CIRCUITS AND THE AUTOMOBILE
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403 - PARALLEL CIRCUITS

404 - SERIES - PARALLEL CIRCUITS

405 - VOLTAGE DIVIDER CIRCUITS

406 - RELAY OPERATION

407 - ALTERNATING CURRENT

408 - MAGNETISM, RELAYS AND METERS

MODEL 1431 AUTOMOTIVE ELECTRONICS continued

Learn what Ohm’s Law is and how voltage, current, and resistance are related.
Learn what power is and how voltage, current and Ohm’s Law are related to power.
Prove the Ohm’s Law relationship of voltage, current, and resistance.

Identify a simple series circuit.

Understand basic principles of a series circuit.
Verify that Ohm's Law applies to series circuits.
Observe a working series circuit.

Verify basic principles of a series circuit.

Identify a parallel circuit.

Recognize that the applied voltage is the same across each branch.

Calculate the current in each branch of a parallel circuit.

Calculate the total current from the sum of the individual branches of a parallel circuit.
Calculate total resistance in a parallel circuit.

Measure the applied voltage across each branch in a parallel circuit.

Measure resistance in a parallel circuit.

Measure current in a parallel circuit.

Identify a series-parallel circuit.

Calculate total resistance in a series-parallel circuit.
Calculate current in a series-parallel circuit.
Calculate voltage drops in a series-parallel circuit.
Measure resistance values in a series-parallel circuit.
Measure current in a series-parallel circuit.

Measure voltage in a series-parallel circuit.

Identify a voltage divider circuit.

Identify a voltage divider as being loaded or unloaded.

Calculate voltage, current, and resistance for loaded and unloaded voltage dividers.
Calculate % regulation for a voltage divider circuit.

Identify and measure various characteristics of a voltage divider circuit.

Describe the purpose and type of relays.
Describe basic relay construction and operation.
Describe the latched and time delay relay.
Observe basic relay operation.

Observe characteristics of a basic relay circuit.

Define alternating current

Identify an AC sine wave.

Define frequency and cycle.

Describe Hertz.

Determine wavelength of a sine wave.
Determine the period of a sine wave.

Define magnetism.

Identify the characteristics of magnets.

Define the laws of magnetic attraction and repulsion.
Describe properties of magnetic lines of force.
Describe magnetic and non-magnetic materials.
Define electromagnetism.

Identify the characteristics of electromagnetism.
Describe the operation of a relay.

Describe the operation of a magnetic circuit.
Describe the operation of a meter.
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MODEL 1431 AUTOMOTIVE ELECTRONICS continued

501 - INDUCTOR OPERATION .....cooiiiiiinirii s s s s s ssms s e

Identify types of inductors.

Describe the current opposing characteristics of an inductor.
Identify the unit of measure of an inductor.

Identify the characteristics of inductance.

Identify mutual inductance.

Examine the characteristics of an inductor.

Examine the common operations of an inductor.

502 - CAPACITOR OPERATION ..ottt ssss s

Identify types of capacitors.

Describe charge and discharge.

Identify the schematic symbol of a capacitor.
Identify the characteristics of capacitance.
Identify the unit of measure for capacitance.
Examine the circuit characteristics of a capacitor.

503 - DIODE OPERATION. ...

Describe the purpose of a diode.

Recognize diode schematic symbols and use reference designators.
Describe the uses of diodes.

Analyze diode characteristics in a circuit.

504 - TRANSISTOR OPERATION........coiiririminnn s

Describe the purpose of a transistor.
Describe types of transistors.

Identify transistor schematic symbols.
Identify leads on transistors.

Analyze transistor characteristics in a circuit.

Identify AND operation.

Identify AND logic symbols.

Identify AND logic schematic symbols.
Construct an AND gate truth table.
Identify inputs and outputs.

Analyze an AND gate circuit operation.

506 - OR GATES ........oo s e

Identify OR operation.

Identify OR logic symbols.

Identify OR logic schematic symbols.
Construct and OR gate truth table.
Identify inputs and outputs.

Analyze an OR gate circuit operation.

507 = NOT GATES ...t s s s

Identify NOT operation.

Identify NOT logic symbols.

Identify NOT logic schematic symbols.
Construct and NOT gate truth table.
Identify inputs and outputs.

Analyze an NOT gate circuit operation.

508 - INTRODUCTION TO COMBINATIONAL CIRCUITS ..ot sssnnsssnnens

Define combinational logic.

Describe the uses of combinational logic.

Trace inputs through a combinational logic circuit.
Describe the universal property of the NAND gate.
Describe the universal property of the NOR gate.
Analyze the operation of a combinational circuit.
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MODEL 1431 AUTOMOTIVE ELECTRONICS continued

L601 - TURN SIGNAL SYSTEMS ...t ssssms s ssssssssss s s sss s sss s smssnms s sssnssssmssasssssensesas 714
*  Describe the use of the turn signal.

Examine the characteristics of turn signals.

Examine the operation of a turn signal system.

L602 - STARTING SYSTEMS ...ttt s s s s s s s e e s s e s s s s s n e s e s 715
*  Describe the use of the starting system.

Examine the characteristics of different starting system components.

Examine the operation of a starting system.

L603 - IGNITION SYSTEMS.........ooiciiiiitmierinis i s s as s s s s ms sasssnnsaes 707,709
*  ldentify the components of an ignition system.

Identify the types of ignition systems.

Describe the operation of mechanical and electronic switching circuits.

L604 - CHARGING SYSTEMS ........ccooiiiiiiiriir s sssssssssssms s s s ssmsssssss s sss s s s s mssassn s sssnssasssasssnsassnesas 708
*  ldentify the components and characteristics of charging systems.

Examine the operation of the diodes in a charging system.

L605 - FUEL INJECTION ......coiiiiiiiiiriiirinsi s sass s s sss s s ssms s s s sss s s s m s s e smn e s s a s s n e s smn s nsnnnas 716
*  Describe the use of fuel injectors.

*  Examine the characteristics of different types of fuel injectors.

*  Examine the operation and timing of fuel injection in an automobile.

L606 - ENGINE COOLING AND CLIMATE CONTROL ......ccccoiniiminenmnnnsisessssssssssssssssssssnssssssssssssnns 713A
Identify the purpose of the engine's cooling system.

Describe the operation and construction of an engine's cooling system.

Describe the operation and construction of the cooling system's components.

Describe the operation of electrical circuits used to control the cooling system.

Identify the purpose of the environmental climate control system.

Describe the operation and construction of an environmental climate control system.

Describe the operation and construction of the environmental climate control system

components.

Describe the operation of electrical circuits used to control the cooling system.

Observe the operation of the circulating fan circuit in the air conditioning and engine cooling

system.

Identify the faulty operation of the circulating fan circuit in the air conditioning and engine

cooling system.

*

*

*

*

*

*

*

* * * * * * *

*

MODEL 1470 TRAILER WIRING

L801 - TRAILER WIRING........coiiieieeierieree e e e e e e s e e s emesemeseme s e e s mesemeseme s se e e e s mesmesens e sessnesnns 720,721
*  Understand the kinds of problems associated with trailer wiring.

*  Understand the process of troubleshooting trailer wiring.

Describe the types of test instruments used to troubleshoot trailer wiring.

*

MODEL 1471 CAR AUDIO SYSTEMS

L701 CAR AUDIO SYSTEMS ......coooicciiriiimerinssmee s sssme s s sms e s s s s s sms e s s s e s s s smne s s s s smme e s sssame e sssmenssssnnens --
Identify the components that make up a car audio system and describe their function.

Identify various car audio system components that adjust certain properties of the sound.

*  ldentify the components that increase the sound level and convert the electrical signals to audible
sound.

Understand the proper way to wire the audio system.

L702 CAR AUDIO DESIGN AND INSTALLATION ......ccoeveecrrerreneeersnsnneenenes CAS1,CAS2,CAS3,CAS4(3)
Describe the steps in designing a car audio system.

Determine the basic tools needed in order to upgrade a car audio system.

Understand the installation procedures.

Design an audio system by laying out all audio devices in a functional way.

Install the audio system by measuring the proper amounts of wire and connecting the devices
together correctly.

*

*

*  * kX
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MODEL 1438 AVIONICS

Z101 - INTRODUCTION TO OPERATIONAL SYSTEMS ..o s s sne s --
*  Understand the history of aircraft.
*  ldentify aircraft operational systems.
Identify careers associated with aircraft.
Z102 - FLIGHT CONTROL SYSTEMS........oooiiccciiriicrerrssssnressssssresssssssessssssssssssssssssssssssessssansessasssssssassnessnns --
*  Define and describe the primary flight controls of an aircraft.
Define and describe the secondary flight controls of an aircraft.
Define and describe the auxiliary flight controls of an aircraft.
Identify the basic autopilot components.
Describe the principles of operation of the autopilot.
103 - IGNITION SYSTEMS ... ceiiicccireirccer e e s s s ssse e s s s s s e s s s s sss e e s s s san e e e sssane e s sesans e e sassnneseassnsessssnneensanans --
Identify the types of ignition systems.
Describe spark discharge and coil ignition systems.
Describe the types of magneto ignition systems.
Describe gas turbine ignition systems.
Describe the principles of operation of ignition systems.
State the advantages and disadvantages of high and low tension magneto systems.
104 - FUEL SYSTEMS .......ioiieir e e rsssr e s sssms e s sss s e s sssssne s e sane e s sssams e s ame e s snsams e s snsamsessnsnnesesssnneessnsnns --
Describe the characteristics and properties of aviation fuels.
Identify the effects of fuel system contamination.
Describe the Gravity Type Fuel System.
Describe the Pump Type Fuel System.
Describe the operational characteristics of the fuel system components.
Describe the operation of a carburetor.
Describe the operation of fuel injection.
105 - NAVIGATIONAL SYSTEMS ........oiiiiccrerissseersssssesssssssesssssssessssssssssssssssessssnsessassnsesssssnsessassnsssnssnns --
Describe the operation of the VHF Omnirange system (VOR).
Describe the operation of the Automatic Direction Finder System (ADF).
Describe the operation of Distance Measuring Equipment (DME).
Identify TACAN and its use with DME.
Describe the operation of the Instrument Landing System (ILS).
Describe the operation of marker beacons.
Identify the compass and its purpose.
Describe the operation of the VLF/OMEGA Navigational System.
Describe the operation of the Global Positioning System (GPS).
Describe the operation of the Inertial Navigational System (INS).
106 - AIRCRAFT SUPPORT SYSTEMS.........ooo o cciiiiicererissmneesssssessssssseesssssss e s ssssmsesssssnsesssssnsesssssnnssssnes --
Identify and describe the basic types of aircraft landing systems.
Identify and describe the operating principles of the aircraft braking system.
Describe the basic operating principles of the de-icing system.
Identify and describe the basic types of aircraft lighting systems.
107 - PROPULSION SYSTEMS........coccocieiiccmrerrssmrerssssmsesssssmsesssssssesssssssesssssaneesssssnsessssansessssansessasnsessessnns --
Describe the principles and operation of an Internal Combustion.
Describe the principles and operation of a Jet Propulsion.
Understand Propeller Fundamentals.
108 - AIRCRAFT INSTRUMENTS ........coiiiiiiiiiiicie s srssne e s s e e s s sss e s sssms e s s s sane e s s snne e s sessms e e sesannessnssnnennnnnne --
Identify the classifications of aircraft instruments.
Define and describe basic aircraft instruments.
Describe the various operating principles of aircraft instruments.
201 - BASIC POWER DISTRIBUTION ......cooiiiiiiiiicscrersssmresssssssesssssssessssssnsesssssssesssssnsesssssnsesssssnns 734,735
Describe the operation of a Basic Power Distribution System.
Identify the basic requirements for a Power Distribution System.
Identify the various components of Basic Power Distribution Systems.
Observe the operation of a Basic Power Distribution System.
Observe faults in a Basic Power Distribution System.

*
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MODEL 1438 AVIONICS continued

Z202 - SPLIT BUS POWER DISTRIBUTION.........ccccoitiiicmrerircene s s ssse s s s ssses s s ssme e s s smne s s s smnesssssnnes 735,736
*  Understand the structure of a Split-Bus Distribution System.
*  Understand the benefits of the Split-Bus Distribution System.
*  ldentify the different Busses of the Split Bus Distribution System.
*  Observe the operation of a basic Split-Bus Distribution System.
*  Observe faults in a basic Split-Bus Distribution System.
Z203 - THREE PHASE POWER GENERATION ... e e 229,230,290
*  Describe the operation of a typical power supply.
*  Describe 3 Phase 400 Hz power and its advantages.
*  Describe a 3 Phase, 400 Hz Power Supply.
*  Measure signals in a 3 Phase, 400 Hz Power Supply.
*  Troubleshoot a faulted 3 Phase, 400 Hz Power Supply.
Z204 - PWM SWITCHING POWER SUPPLY .....coiiiiiiiiircseressssseesssssssesssssssessssssssesssssssssssssnsesssssnes 85A,290
*  Describe basic switching power supplies.
*  Describe pulse width modulated switching power supplies.
*  Describe a pulse width modulated switching power supply circuit.
*  Measure signals in a pulse width modulated switching power supply circuit.
*  Troubleshoot a faulted pulse width modulated switching power supply circuit.
2301 - MASTER WARNING and ANNUNCIATOR SYSTEMS. .........ccriiieerrrcere s smee e 735,737
*  Describe the operation of the master warning annunciator system.
*  ldentify annunciator system applications.
*  Observe normal system operation.
*  Identify faulty system operation.
2302 - ENGINE MONITORING and CREW ALERTING SYSTEMS .........ccocmirrimrrrcceressssee s s sseessssssmeenas --
*  Describe the systems and components of the aircraft monitoring and alerting systems.
*  Describe the different types of aircraft built-in fault and maintenance test equipment.
2303 - FIRE WARNING and EXTINGUISHING SYSTEMS...........ccccooimiicmeerssmressssmeessssssessssssnsssssnnes 738
*  ldentify different types of fire warning systems.
*  Explain the basic operation of each type of system.
*  Explain the distinct fire protection requirement for each area of the aircraft.
*  Describe the different types of fire extinguishing agents.
*  Explain the basic operation of the fire extinguishing system.
* ldentify a normal operating fire warning system.
*  Identify a faulty operating fire warning system.
2304 - ENVIRONMENTAL CONTROL and WARNING SYSTEMS..........ccccoivcinmemincneensseneens 731,732,733
*  Describe a typical pneumatic system.
*  Describe a typical air conditioning system.
*  Describe a typical pressure control system.
*  Observe the operation of a typical thermostat and trim valve in an air conditioning system.
*  Isolate a fault in a typical thermostat and trim valve in an air conditioning system.
Z401 - INTRODUCTION TO DATA COMMUNICATIONS .........oorireerrceer e e smeeeas 265,266,284
*  Define terminology commonly used in conjunction with data communication systems.
*  Identify systems & instrumentation including fax, modems, and computers that use data
communication.
Identify basic operating characteristics involved in data communications.
Identify the operational characteristics of protocol.
Define protocol terminology to include bit, byte, start, parity, stop, baud and frame.
Describe how data communication systems use protocol to transfer data.
Describe the relationship between protocol and serial, parallel transmission and reception
using the International Standard Organization (ISO) reference model.
Observe the transmission and reception of serial data.
*  Monitor, start, parity, baud, and stop bit information during a controlled data transfer.
*  Identify the effects of protocol mismatch on transmitted data.

* * * * *

*

83



Z402 RS-232-C LINE INTERFACE

Z403 - RS-485 LINE INTERFACE

*

*

Z404 - INTRODUCTION TO BUS SYSTEMS
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*

*

*

Z407 ARINC 629

*
*

*

84

405 - IEEE 488 DATA BUS

406 - ARINC 429 DATA BUS

MODEL 1438 AVIONICS continued

Identify RS-232-C Electrical, Mechanical and functional characteristics as they relate to
protocol.

Identify RS-232-C schematic pin out.

Describe the function of a UART and USART.

Measure RS-232-C line interface voltages while data is being transferred.

Measure RS-232-C line interface voltages while data is being received.

Isolate malfunctions in an operational RS-232-C Communication System.

Identify RS-485 electrical characteristics.

Describe signal conditioning methods used by RS-485 line driver circuits when
transmitting and receiving.

Measure RS-485 line interface voltages while data is being transferred.

Isolate malfunctions in an operational RS-485 Communication System.

Identify the 4 basic parts of a bus system.

Describe the purpose of each part of the bus system.

Define terminology used in conjunction with bus system protocol.
Describe the operational characteristics of a basic bus system.
Describe the operational characteristics of tri-state devices.
Measure basic bus system signals.

Measure the output of a tri-state device.

Identify 4 basic operations performed by the 4041 controller.

Define program development, instrument control, data processing, and display storage.
Describe and interpret different message formats.

Describe and interpret different word structures.

Identify basic principles of operation related to the ARINC 429 data bus system
specifications.

Describe the ARINC 429 Mark 33 Digital Information.

Describe and interpret different message formats.

Describe and interpret different word formats.

Describe the different components associated with the ARINC 629 data bus system.

PC CARD
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284,267,268

Identify basic principles of operation related to the ARINC 629 data bus system specifications.

Describe and interpret different data formats.
Describe and interpret different word formats.



PC CARD

SUPPORTING CURRICULUM

MATHEMATICS

BASIC MATH

0101 - ADDING and SUBTRACTING ...

*  Describe the decimal number system.

*  Describe the whole number line.

*  Describe addition and add whole numbers.

*  Describe subtraction and subtract whole numbers.

0102 - MULTIPLYING and DIVIDING. ...........ccccommmniinininnecnennnn e ssnssnens

*

Describe multiplication and multiply whole numbers.
*  Describe division and divide whole numbers.

0103 - FRACTIONS ...t s

Proper fractions.
Improper fractions.
Mixed numbers.

Conversion between mixed numbers and improper fractions.
Reduction of fractions to the lowest terms.

Adding fractions.
Subtracting fractions.
Multiplying fractions.
Dividing fractions.

Description of decimal fractions.

Positional values in decimal fractions.

Conversion between decimal fractions and standard fractions.
Conversion between standard fractions and decimal fractions.
Add, subtract, multiply, and divide decimal fractions.

Description of signed numbers.

Description of the signed number line.

Determination of the relationship between two signed numbers.
Add, subtract, multiply, and divide signed numbers.

Description of percents.

Conversion between percents and decimal numbers.
Conversion between decimal numbers and percents.
Calculation of percentage part.

Calculation of percentage rate.

Calculation of percentage base.

Description of exponents.

Calculation of the value of numbers with exponents.
Description of Square Roots.

Calculation of Square Roots.

Convert decimal numbers to powers of ten.

Convert powers of ten numbers to decimal numbers.
Convert decimal numbers to metric prefixes.
Convert metric prefixes to decimal numbers.

Add, subtract, multiply, and divide powers of ten.
Add, subtract, multiply, and divide metric prefixes.
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Conversion between improper fractions and whole or mixed numbers.

104 - FRACTION OPERATION .......ooiimiirtrimes s sss s ssss s ssnssanesanas

105 - DECIMAL FRACTIONS.........ooiiimiriis s s s

106 - SIGNED NUMBERS .........ccoimmnnnini s ssss s s sness

107 = PERCENTS ...ttt s s e s

108 - EXPONENTS and SQUARE ROOTS.........ccoccmmmnminninnsses s ssssssnens

109 - METRIC NOTATION ..ottt e ssn e
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MATHEMATICS continued

ALGEBRA

0201 - FUNDAMENTALS of ALGEBRA...........coorrirrree s

Real numbers.

Four fundamental operations of real numbers.
Real number variables.

Real number order of operations.
Combination of variables.

Real number properties.

Closure property.

Commutative property.
Associative property.

Identity property.

Inverse property.

Distributive property.

Addition and Subtraction Laws.
Solving X+A=B type of equations.
Solving X—A=B type of equations.
Multiplication and Division Laws.
Solving X*A=B type of equations.
Solving X/A=B type of equations.
Word problem formulas.
Equations from word problems.
Solving for unknown quantities.

Using basic laws of equations to solve linear equations.
Solve problems in the form of AX+B=C and AX-B=C.
Solve problems in the form of X/A+B=C and X/A-B=C.
Use the four-step process to solve word problems.
Solve word problems in the format of linear equations.

Define exponents.

Multiply and divide powers with the same base.
Raise a power to a power.

Raise a product or a quotient to a power.
Description of monomials.

Add, subtract, multiply and divide monomials.
Use the four-step process to solve problems.
Solve word problems that use monomials.

Definition of polynomials.

Adding and subtracting polynomials.
Multiplying monomials and polynomials.
Multiplying polynomials.

Description of special binomials products.
Dividing polynomials by monomials.

Factor by finding the greatest common factor.

Factor by grouping.

Factoring trinomials.

Factor by recognizing special binomial factors.

Solve polynomial equations by factoring.

Quadratic equations and quadratic formulas.

Solve polynomial equations using the quadratic formula.
Solve word problems.
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202 - LINEAR EQUATIONS ...

203 - SOLVING LINEAR EQUATIONS.........ccco i nsnn s

204 - EXPONENTS and MONOMIALS.........cccoomnrmminmisrnninses s ssesssesassseeas

205 - POLYNOMIALS. ... s n s s s

206 - FACTORING POLYNOMIALS. .........ooiiirririis s s
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MATHEMATICS continued

ALGEBRA continued

0207 ROOTS and RADICALS ..o iiccreircererssssr e s ssssse s sssssse s ssssssesssssssessssssssessssansessasansessasansessesnsesssnsans --
Factoring radicand terms.
Simplifying radicals using Product Property of Roots and Quotient Property of Roots.
Rationalize denominators.
Multiplication, division, addition, and subtraction of radicals.
Use of the Squaring Property of Equations to solve for the unknown.
Solve equations containing one and two radical expressions.
208 - GRAPHS ...t e e e e Ee s E e Ee R e EenenEeEeeenneeeenneneasanneeeanannenaan --
Description of the rectangular coordinate system.
Location of points on the rectangular coordinate system.
Location of the coordinates of a point on the rectangular coordinate system.
Graphing linear equations.
Finding the slope of a line.
Finding the equation of a line vide powers of ten.
209 - SYSTEMS of LINEAR EQUATIONS ... iiiircrrrrssre e rssss e e sssssr e sessms e s ssssms s ssssmn e s sessnnessasssnnenns --
Definition of a system of equations.
Solve systems of equations by graphing.
Identification of consistent, inconsistent, and dependent systems by their graphs.
Solve systems of equations by substitution.
Identification of consistent, inconsistent, and dependent systems by the results of substitution.
Solve systems of equations by addition.
Finding the slope of a line.
Identification of consistent, inconsistent, and dependent systems by the results of Addition.
210 - INTRODUCTION TO STATISTICS .......ccciiirccerrrrssnrressssssresssssssesssssssssssssssessssssssssssssssesssssssesssssnsnsans --
Understand the role of statistics in industry.
Understand the concepts of mean, median, mode, standard deviation, percentiles and quartiles.
Understand the analysis of statistical data.
Understand the various statistical diagrams.
Understand the various statistical histograms.
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TRIGONOMETRY

0301 FUNDAMENTALS of TRIGONOMETRY .......cooiiiciiiiiicnrierscseresssssssesssssnsessssssse s sssssssssssssssesssssnsessanes --
Positive and negative angles.
Acute, obtuse, complementary, and supplementary angles.
Degrees, minutes, and seconds units of angle measurement.
Addition and subtraction of angles.
Convert degrees to radians and radians to degrees.
302 - TRIGONOMETRIC FUNCTIONS .........iiiiicirrirrmrersssmeessssms e s sssmse s ssssmsesssssmnesssssnnsessssansessnsansessssnes --
Determine the unknown angle in a right triangle.
Use the Pythagorean Theorem to determine the unknown side of a right triangle.
Find the sine, cosine, tangent, cosecant, secant, and cotangent of a given angle.
Identify the relationship between the unit circle and the trigonometric functions.
303 - GRAPHING TRIGONOMETRIC FUNCTIONS........cccoiimriririmr s s sssss s ssms s s s s sssssme s --
Basic graphs for the six trigonometric functions.
Period and amplitude.
Sine and cosine functions amplitude and period.
Determine the phase shift of a trigonometric function.
304 - TRIGONOMETRIC IDENTITIES .......cccocieiiceeeersssmeersssmresssssms e e ssssmn e s ssssmse s ssssmneessssnnsessnsamsessnsansessssnns --
Reciprocal and ratio identities.
Trigonometric function of an angle using reciprocal or ratio identities.
Trigonometric function of an angle using the Pythagorean and related identities.
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TRIGONOMETRY continued

0305 - ANGLE FORMULAS ..........ccociiiicmerisssrersssssnessssssnesssssanessssssnessssssmessssssmsesssssnsssssssmnesssssnsnsssnnnsssssnnens --
*  Sum and difference formulas for sine, cosine, and tangent.
Double angle formulas for sine, cosine, and tangent.
Power reducing formulas for sine, cosine, and tangent.
Half angle formulas for sine, cosine, and tangent.
0306 - INVERSE TRIGONOMETRIC FUNCTIONS ........ooiiiierirccmrersssmrersssmr e s ssssmse e sssssse e s s ssmne s snsamsessnssnes --
*  Methods for finding the inverse trigonometric functions.
Domains, ranges, and graphs of arcsine, arccosine, and arctangent.
0307 - APPLICATIONS of TRIGONOMETRY .......ciiiiiicirisisceessssmeesssssmsesssssmsessssssnsssssssmsssssssmsssssssnsesssssnnes --
*  Use of the Law of Sines to find the missing parts of oblique triangles.
Understanding the four possibilities resulting from the ambiguous case.
0308 - GRAPHING POLAR EQUATIONS ... cciericccerisssscersssssme e s sssme e sssssms e sssssmnessssssnessssssmensssssmsenssssnnes --
*  Definition of the polar coordinate pair.
Graphing polar coordinates.
0309 CONIC SECTIONS: CIRCLES and PARABOLAS ..........rrrrereresseee s s ssne s e sme e smne s smnnees --
General equation of a circle.
Determining the center and radius of a circle from a given equation.
Determining the equation of a circle given the center and radius.
General equation for a parabola.
Determining the focus, vertex, and directrix of a parabola from a given equation.
Determining the equation of a parabola given the focus, vertex, and/or directrix.
310 - CONIC SECTIONS: ELLIPSES and HYPERBOLAS.............ccocociiriir s sms s s --
General equation of an ellipse.
Determining the center, vertices, and foci of an ellipse from a given equation.
Determining the equation for an ellipse given the center, vertices, and foci.
General equation for hyperbolas.
Determining the center, vertices, foci, and asymptotes of a Hyperbola from a given equation.
Determining the equation of a hyperbola given the center, vertices, and foci.

*

*

*

*

*

*
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CALCULUS

0401 FUNDAMENTALS Of CALCULUS.........iiiiiiririr s ssss s s s s sss s ms s s s mn s sms s smnsnans --
Apply the slope formula to particles moving along straight paths.
Recognize functions and identify the domain and range.
Find the composite of two given functions.
Find the average rate of change of a function.
Understand the transition as a secant line becomes a tangent line when delta goes to 0.
Find the slope at a given point on a curve.
L1 I 1 -
The concept of limits.
Right- and left-hand limits.
Find limit values.
Sandwich property and its application to finding limits of trigonometric functions.
403 - LIMITS: CONTINUITY and INFINITY ... es s e s sss s s s e s s s s me s --
Identification of continuous functions.
Continuity at a point and an interval.
Infinity as a limit.
Identify the limit form as the variable approaches infinity.
Find limits involving infinity.
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CALCULUS continued

0404 - DERIVATIVES ... s s s

Definition of a derivative.

Find derivatives using the constant rule, power rule, and sum rule.
Find derivative of the product and quotient of two functions.

Find derivatives using the chain rule.

Identification of derivatives of the six trigonometric functions.

Find derivatives of functions using trigonometric expressions.

Identify the chain rule.

Find derivatives using the chain rule.

Identify the derivatives of the six trigonometric functions.
Find derivatives of functions using trigonometric expressions.

Implicit functions.

Find derivatives using implicit differentiation.

Higher order derivatives.

Find second and third derivatives of functions.

Find the velocity and acceleration functions given the position functions.

Sketch curves using the first and second order derivatives.
Identify intervals where the function is increasing or decreasing.
Locate local maximum or minimum points.

Determine concavity.

Determine inflection points.

Develop strategy for solving maxima-minima word problems.
Solve min-max problems.

The relationship between integration and differentiation.
Integrate simple algebraic and trigonometric indefinite integrals.
Identify integrals resulting from use of the chain rule.

Integrate indefinite integrals using the u substitution method.

Upper and lower limits of integration.

The area of positive and negative regions using definite integrals.
The area of a region bounded by two curves.

The area of a region bounded by two curves and the x-axis.

The theory of rotation about the x-axis.
The volume of an object formed by rotating y=f(x) about the x-axis.
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COMPUTER MATH

0501 - FUNDAMENTALS of COMPUTER MATH ..o

*

Number systems other than base 10.

Addition and subtraction of numbers of base N.
Convert between base 10 and base N number systems.
Construct a base N multiplication table.

Multiply and divide base N numbers.

Add and subtract binary numbers.

Convert binary numbers to decimal numbers.
Convert decimal numbers to binary numbers.
Use BCD, Gray, ASCII, and EBCDIC codes.

0502 - THE BINARY SYSTEM ..ot sse s s s

405 - THE CHAIN RULE........oo ot s sn s snesae s

406 - ADDITIONAL DIFFERENTIATION METHODS. ...

407 - APPLICATIONS of DERIVATIVES.........cooiiiiiirnernnnnnnesss s snessnens

408 - INTEGRATION ...ttt s s s s

409 - DEFINITE INTEGRALS........coociiiitrr s sss s s ssss s s sssssss s sssnns
Relationship between the limits of integration and an interval of x values.

Definite integrals and solving for the area involving only positive regions.

410 - APPLICATIONS OF DEFINITE INTEGRALS..........ornenee s

PC CARD
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MATHEMATICS continued

COMPUTER MATH continued

0503 OCTAL and HEXADECIMAL SYSTEMS .........o i

Perform computations using octal numbers.
Convert binary numbers to octal numbers.

Convert octal numbers to binary numbers.

Convert hexadecimal numbers to decimal numbers.
Convert decimal numbers to hexadecimal numbers.
Convert binary numbers to hexadecimal numbers.
Convert hexadecimal numbers to binary numbers.

The concept of ones and zeros.

Truth tables.

Basic logic expressions; AND, OR and NOT, NAND, NOR, XOR and XNOR.
Logic problem solving using truth tables.

The concept of Boolean algebra as a form of digital shorthand.
The Boolean AND and OR expressions.

Boolean inversions.

The derivation of Boolean expressions from truth tables.
Boolean equation manipulation, combination, and simplification.

Develop gate networks from sum of products equations.
Develop gate networks from product of sums equations.
Find the output of a gate network.

Develop a truth table for a gate network.

Review the basic principles of Boolean algebra.
Describe the rules of Boolean algebra.
Describe DeMorgan's theorems.

Describe Karnaugh maps.
Develop a Karnaugh map for two, three, and four variables.
Simplify Boolean algebra equations using Karnaugh maps.

Describe the three basic computer operations (input, process, output).
Describe algorithms.

Describe flowcharts.

Recognize flowchart symbols.

Define sequences.

Solve sequence problems.
Define matrices.

Solve matrix problems.
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504 - LOGIC EXPRESSIONS........ooiiiinniiin s ssss s s s e s

505 - BOOLEAN ALGEBRA ...t e

506 - GATE NETWORKS ..o

507 - SIMPLIFYING BOOLEAN EQUATIONS ...

Use the basic principles, rules, and DeMorgan's theorems to simplify Boolean equations.
508 - KARNAUGH MAPS..........ooiiitiriiris s s s s s e

509 - ALGORITHMS and FLOW CHARTS........ccociimiinirnin s s ssnn s

510 - SEQUENCES and MATRICES. ..........cccoimnmiirininsennsnsn s sss s e
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MATHEMATICS continued

MEASUREMENTS

0601 - INTRODUCTION TO LINEAR MEASUREMENTS

*

0602 - METRIC AND SCIENTIFIC CONVERSIONS

*

*

*

0603 - ANGULAR and CIRCULAR MEASUREMENTS

*

*

*

0604 AREA MEASUREMENTS

* Ok RO F F X O K F X O Ok K kX *F ok F O F F X * * *

Q101 ELECTRICAL SUPPLY SYSTEMS AND INSTALLATIONS

605 - VOLUME MEASUREMENTS

606 - VELOCITY AND ACCELERATION

607 - FORCE MEASUREMENTS

608 - WORK AND POWER MEASUREMENTS

Become familiar with the two different standards of measurement.

Define precision and determine which measurement applications require more or less
precision.

Identify the following measurement tools: standard ruler, micrometer, and vernier caliper.
Define linear measurement.

Describe how the following measurement tools are used: standard ruler, micrometer, and
vernier caliper.

Convert between Metric and British measurement systems.
Convert between British and Metric measurement systems.
Convert numbers to scientific notation.

Use of the T-square, micrometer, and vernier calipers.
Measurements of angles.
Measurement of radii and diameters of circles.

Characteristics of area measurements.
Measurement of the area of rectangles.
Measurement of the area of squares.
Measurement of the area of parallelograms.
Measurement of the area of triangles.
Measurement of the area of trapezoids.
Measurement of the area of circles.

Characteristics of volume measurements.

Measurement of the volume of rectangular solids.

Measurement of the volume of cubes.

Measurement of the volume of prisms.

Measurement of the volume of pyramids.

Measurement of the volume of cylinders, cones and spheres.

The relationship between liter and cubic centimeter measurements.

Vector quantities: values with magnitude and direction.
Vector characteristics applied to problem solving.
Velocity and acceleration measurements.

Principles of force.
The relationship between velocity, acceleration and mass.
Measurement of Force.

The relationship between work and power.
Units of measure: Newtons and Joules.
Measurement of work and power.

RESIDENTIAL WIRING

Describe the three parts of an electrical supply system.

Describe typical voltages in an electrical supply system.

Describe how electrical wiring information is conveyed to the electrician using symbols
and how specifications are used.

Describe the agencies that are responsible for establishing electrical codes and standards.

PC CARD
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Q102 - ELECTRICAL SYMBOLS AND CONDUCTORS........cccoiictrrirceee s ssssms e s sssmse s ssssnns e s s ssne e s ssssmsessnsnnes --
*  Describe outlets and recognize their symbols.

*  Describe switches and recognize their symbols.

*  Describe conductors and recognize their symbols.

*  Recognize miscellaneous symbols.

*  Describe conductors and their sizes and types.

*  Describe the types of conductor insulation.

*  Describe conductor color code.

Q103 - ELECTRICAL WIRING SYSTEMS AND BOXES. .......cciiiiiiiiierrr e s s ssssss s s ssmss s ssssms s s snsanes --
*  Describe how power is brought into a house how the protection devices are used.

*  Describe two and three conductor wiring methods.

*  Describe electrical boxes and how they are used.

*  Describe how boxes are installed.

*  Describe how boxes are wired for outlets, switches, and connections.

Q104 - ELECTRICAL SWITCHES, INTERRUPTERS AND SUPPRESSORS...........cccocomrirmrrrnenersnceeens --
Describe standard 1-pole switch wiring.

Describe three way switch wiring.

Describe four way switch wiring.

Describe 2-pole switch wiring.

Describe Ground-Fault Circuit Interrupters, GFCI.

Describe Immersion Detection Circuit Interrupters, IDCI.

Describe Transient Voltage Surge Suppressors, TVSS.

Describe Isolated Ground Receptacles, IG.

Q1 05 - RECESSED LIGHTING AND BALLAST .....octiiiicitirircseresssssseessssssessssssssssssssssssssssssssssssssesssssnsessanan --
Describe the voltages used for residential lighting and the factors to consider before

installation.

Describe recessed lighting installation.

Describe ballasts.

Describe ballast installation.

Q106 - BRANCH CIRCUITS AND CONDUCTOR SIZING ........cccoocimmrrcmerrrrsmeerssssmsesssssmsesssssmsesssssnsesssssnnees --
*  Describe how the number of branch circuits is determined.

Describe how the number of outlets per branch circuit is determined.

Use NEC Table 310-16 to determine allowable amperage of conductors.

Describe the de-rating factors and restrictions on amperage for NEC Table 310-16.

Q201 BEDROOM/MASTER BEDROOM CIRCUITS ........cccociiiicireeisseneesssssseessssssse s ssssssessssssnsssssssnsessnsanes --
Describe the methods used to group outlets.

Describe the general wiring methods for bedrooms and how receptacles are placed.

Describe how lighting fixtures are used in closets to meet NEC requirements.

Describe the general wiring methods for master bedrooms.

Describe the use of two circuit receptacles.

Describe NEC requirements for paddle fans.

Q202 - BATH, HALLWAY, FRONT PORCH, and ENTRY CIRCUITS.........cccoiirrrrrrrcmre e esssmeeessans --
Define a bathroom according to the NEC.

Describe the wiring of receptacles in bathrooms.

Describe the lighting requirements in bathrooms.

Describe equipment grounding requirements in bathrooms.

Describe hallway circuits including three way switches.

Describe front entry-porch circuits.

Q203 KITCHEN, DINING AREA AND LIVING ROOM CIRCUITS ......cccciiitirircmrresssnse e s ssssmse s sssmsesssssnnes --
Describe receptacle requirements for small appliance circuits in kitchens, dining rooms,

breakfast rooms, and pantries.

Describe split circuit applications used in kitchens.

Describe the lighting requirements for kitchens, dining rooms, breakfast rooms, and

pantries.

Describe receptacle requirements in living rooms.

Describe lighting requirements for living rooms.

Describe the use of track lighting and dimmer controls used in living rooms.

L R I B
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Q204 - LAUNDRY, STUDY, REAR ENTRANCE AND ATTIC CIRCUITS .....cccooiirrrmrrees e --
Describe receptacle and lighting requirements for laundry rooms.

Describe electric dryer connection methods to include circuit sizing.

Describe electric dryer frame grounding requirements.

Describe receptacle and lighting requirements for study rooms to include valance lighting

and the use of surge protectors.

Describe receptacle and lighting requirements for rear entries.

Describe receptacle and lighting requirements for attics (crawl spaces, rooftops, and

equipment rooms).

Q205 - FAMILY ROOM AND GARAGE CIRCUITS. ...t nmre s ssssss s s ssms s s s ssms e s s smse s ssssnes --
*  Describe receptacle and lighting requirements for family rooms.

Describe the use and precautions for multiwire circuits.

Describe receptacle and lighting requirements for garage circuits.

Describe the use and NEC regulations for outdoor outlets and wiring.

Q206 - WORKSHOP CIRCUITS AND BASEMENT CIRCUITS. ........ccoonmmirniinis s s sssessns --
*  Describe receptacle and lighting requirements for workshops.

Describe the use of multi-outlet assemblies.

Describe receptacle and lighting requirements for basements.

Q301 - WATER PUMP AND HEATER CIRCUITS.........iiiicrerrrcmre e sssmre e sssssse s ssssams e s s ssms s s smn e s ssssmne s snssnns --
Describe the operation of jet pumps and submersible pumps.

Describe wiring for jet pumps and submersible pumps.

Describe conductor and overcurrent device sizing for jet pumps and submersible pumps.

Describe the operation of water heaters.

Describe wiring for water heaters.

Describe conductor and overcurrent device sizing for water heaters.

Q302 - LARGE KITCHEN APPLIANCE CIRCUITS........coitiiciiririseeessssssessssmsssssssssesssssssessssssnsssssssnsessnssnns --
Describe the operation of ovens and stoves.

Describe the wiring of ovens and stoves.

Describe conductor and overcurrent device sizing for ovens and stoves.

Describe the operation of garbage disposals and dishwashers.

Describe the wiring for garbage disposals and dishwashers.

Describe conductor and overcurrent device sizing for garbage disposals and dishwashers.

Q303 - VENT FAN AND HYDROMASSAGE CIRCUITS. ...t ssms s sssss s s ssms e s smn s s --
Describe vent fan operation.

Describe the wiring of vent fans.

Describe conductor and overcurrent device sizing for vent fans.

Describe hydromassage tub operation.

Describe the wiring for hydromassage tubs.

Describe conductor and overcurrent device sizing for hydromassage tubs.

Q304 - ELECTRIC HEATING AND AIR CONDITIONING ........ccccooimiicrersssmeessssmee s s smse s ssssmnesssssmnessssssnens --
*  Describe the operation of electrical heaters.

Describe the wiring of electrical heating systems.

Describe the operation of air conditioning systems.

Describe the wiring of air conditioning systems.

Q305 - OIL/GAS HEATING AND HEAT/SMOKE DETECTORS..........ccccoiiiiiirrrirrrr e --
*  Describe the operation of oil and gas heaters.

Describe the wiring of oil and gas heater systems.

Describe the operation of heat/smoke detectors.

Describe the wiring of heat/smoke detector systems.

Q306 — TELEVISION AND TELEPHONE SYSTEMS..........ccccciiiiintrrisssmeessssssesssssmsesssssssessssssssesssssnsessnsanes --
*  Identify the different types of television signal sources.

Describe the wiring of television systems.

Understand the needs of telephone wiring.

Describe the wiring of telephone systems.

* * * *
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RESIDENTIAL WIRING continued

Q307 - SERVICE ENTRANCE EQUIPMENT AND CALCULATIONS .......ccociiuinne

*

Understand the needs for service entrance equipment.
Describe the wiring of service entrance equipment.
Understand the purpose of service entrance calculations.
Perform service entrance calculations.

*

*

*

Q308 - POOLS, SPA AND SMART HOUSE WIRING........ccocoomiimreennennse e

*

Understand the dangers of wiring swimming pool equipment.
Describe the wiring of swimming pool equipment.
Understand the danger of wiring spa equipment.
Describe the wiring of spa equipment.

*

*

*

Q309 REMOTE CONTROL SYSTEMS........cocoonmimnninninisssnsnnnsssssssannas

Understand the concepts of remote control systems.
Describe the wiring of remote control systems.

*  Understand the functionality of SMART HOUSE wiring.
*  Describe the wiring of SMART HOUSE components.

*

COMPUTER TECHNOLOGY

COMPUTER PLUS

P301 THE PERSONAL COMPUTER........cciiiiiiimninnnnisesenansn s

Identify the components of a basic computer.
Describe the purpose of the monitor, keyboard, and system unit.

Identify the Apple system.
Identify IBM systems.
Recognize other systems.

Define the purpose of an operating system.

Recognize the Macintosh operating system.

Recognize MS-DOS.

Recognize OS/2.

Recognize and describe different versions of Microsoft Windows.

Know what new hardware is supported by Windows 98.
Understand how to utilize the Windows 98 interface.
Understand how and why to convert a drive to FAT32.

Identify the six roles of the system case.

Describe the types of system cases.

Describe the function of the personal computer's power supply.
Describe the major power supply form factors.

Understand the standard output voltages and power connectors.
Understand the specifications common to power supplies.

Describe the purpose and function of the CPU.

Describe the purpose and function of the Chipset.

Describe the purpose and function of the ROM BIOS.
Describe the purpose and function of the Memory.

Describe the purpose and function of the Input/Output Ports.
Describe Buses.

Define Form Factor.

Describe Legacy Form Factors.

Describe Contemporary Form Factors.

*********'U******'U*********'U*****
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Identify and describe the purpose of the four essential components in the system unit.

302 - OPERATING SYSTEMS....... e s

Understand what enhancements were made to Windows 98 system.

303 - THE SYSTEM CASE AND POWER SUPPLY ...

304 - THE MOTHERBOARD..........cciiiiienninnis s sssnnnas
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COMPUTER TECHNOLOGY continued

COMPUTER PLUS continued

P30

31

40

L e v I v L L e I e v L e v B I

5-THE CPU

306 - COMPUTER MEMORY

307 - INPUT/OUTPUT AND INTERFACES

308 - EXPANSION

Describe the internal components of a CPU.

Understand the functions of the internal components.

Understand RISC processors.

Describe the earliest CPUs and the development of newer CPUs.

Discuss the impact that early choices had on the development of personal computers.
Describe the concept of pipelining and how it impacts CPU operation and speed.
Describe the shapes and functionality of early CPU sockets.

Describe the shapes and functionality of CPU slots.

Describe how CPU naming conventions used to work.

Describe how CPU naming conventions have changed.

Understand and explain ROM.

Understand PROM, EPROM, EAROM and EEPROM.
Understand and explain RAM.

Understand static and dynamic RAM.

Explain conventional memory.

Explain extended memory.

Explain upper memory.

Explain high memory.

Explain expanded memory.

Explain caches.

Describe the purpose of the system BIOS.

Understand the purpose of system resources.

Understand the concept of resource conflicts and their resolution.

Understand the purpose and nature of device interfaces.

Recognize the different types of connectors used for device interfaces.
Understand the advantages and limitations of different types of device interfaces.

Describe the types of expansion buses.

Identify bus type by expansion slot.

Understand the characteristics of different bus types.
Recognize common computer adapter cards.

Describe the purpose of different types of adapter cards.
Identify adapter card compatibility with the expansion bus.

I o 10 1037 0 (0
Understand the differences between application software and operating system software.

Understand the different categories of application software.

1 = THE NETWORK ...ttt s s e s s e s s s

Explain how the network evolved.

Recognize the difference between LAN, MAN, WAN, and Internet.
Identify a Client/Server network.

Identify a Peer-to-Peer network.

Identify common network topologies.

Understand user accounts and access rights.

INTERNET PLUS

P20

*
*

*

1 - INTRODUCTION TO THE INTERNET.......ccocinimnemnrnrirnnen s

Define the Internet.
History of the Internet.
Realize uses of the Internet.

PC CARD
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COMPUTER TECHNOLOGY continued

INTERNET PLUS continued

P202 - INTERNET REQUIREMENTS & OPTIONS.........ccccnnmiiininree e

*

Selecting computer hardware and software.
Internet hardware and software requirements.
Selecting Internet services.

*

*

P203 - THE WORLD WIDE WEB........ccooiiineeric e

Understanding a WWW browser.

Define terms used with Internet browsing.

Know the utilities available on the WWW.
Understanding the concept of a plug-in application.
Know the different tools being used today.

Be aware of CGI scripting and Java.

Understanding the purpose of FTP.
Understanding how to access FTP.
Define the commands for using FTP.
Understanding the purpose of TELNET.
Understanding how to access TELNET.

Understand the concept of e-mail.

Understand the components of an e-mail address.
Define options available for use with e-mail.
Understand the concept of IRC.

Know how to access IRC.

Understand the basic functions used within IRC.

Understand the use and operation of Gopher.
Understand the use and operation of Archie.
Understand the use and operation of finger.
Understand the use and operation of whois.
Understand the use and operation of ping.
Understand the use and operation of News clients.

Understand the use of tags.

Define basic tags used in HTML pages.
Understand the properties of tags.

List of tags for student reference.

[ e v R S v I T e v e v I

TECHNOLOGY EDUCATION

TECHNOLOGY SYSTEMS

J101 - INTRODUCTION TO TECHNOLOGY ......cccevvrmnemnemnansssnnsessss s ssssssssssssesnnss

*

Define Technology.

Discuss the History of Technology.

Define the difference between Science and Technology.
Understand the applications of Technology.

*

*

*

J102 - MANUFACTURING TECHNOLOGY .......ooiiimiirmninisrnssnnsns s ssssnesans

*

Identify the two applications of Manufacturing Technology.

J103 - COMMUNICATION TECHNOLOGY .......coiiiriimniese e ssneeaas

*

Identify the make-up of Communications Technology.

J104 - TRANSPORTATION TECHNOLOGY ......ccciirrrrmnemnnnsnssssses s sss s sssssseens

*

Discuss the progression of Transportation Technology.

J105 - CONSTRUCTION TECHNOLOGY ......cccvvimnimnnmsenisnsssnssesssssssssssssssssssssness

*

Identify and discuss the primary forms of Construction Technology.

96

204 - FTP AND TELNET ...ttt s s s

205 - E-MAIL & INTERNET RELAY CHAT (IRC)....uevriiririmnimnesnsnssn e ssssessnesans

206 - INTERNET UTILITIES.......iiieiienirn s s snsne s

207 - CREATING YOUR OWN WEB PAGE...........cocoiiiiricninnennnnse s
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ELECTRONICS

E10

*
*

*

1- INTRODUCTION TO ELECTRICITY ....ociiiiiiiinien s ssmsssssss s s ssms s sss s s sm s s ssss s ssms ssssnssssns -
Define the terms electricity and electronics.

Identify how electronics affects your daily life.

State the four groups that comprise the subject of electronics.

E102 - DC AND AC VOLTAGE ...t e m e s e me s e -

10

L & 1 I L

*

E10

*
*

*

E10

10

10

* * * * * * * *m * * * * * * * * * *m * * * * * * *

Define the term Direct Current (DC).

Identify how direct current affects a circuit.

Identify applications that might use DC current.

Define alternating current.

Identify an AC sine wave.

Define frequency and cycle and describe Hertz.

Determine wavelength of a sine wave.

Determine the period of a sine wave.

3 - OHI’S LAW AND POWER ......ccoiccciiriscnrerissnsesssssssresssssssesssssssesssssssesssssssessassnssssassnsessassnsensssnsensans --
Learn Ohm's Law and how voltage, current, and resistance are related.

Learn the definition of power and how voltage, current and Ohm's Law are related to

power.

Prove, by experimentation, the Ohm's Law relationship of voltage, current, and

resistance.

L £ ] 0 --
Define a typical communications system.

Understand common communications terminology.

Understand the process of sound to audio frequency, audio frequency to sound conversion.

5 - INTRODUCTION TO LOGIC FUNCTIONS ......coooicterircerersssseesssssss e sssssnsessssssse s sssssmnesssssnsenssssnnenes --
Identify AND operation.

Identify AND logic symbols.

Construct an AND gate truth table.

Identify input to output waveforms.

Identify OR operation.

Identify OR logic symbols.

Construct an OR gate truth table.

Identify input to output waveforms.

L o 127 = 0 = I (05 --
Explain what light is and how it is produced.

Identify the components of the visible spectrum and the optical spectrum.

Describe the difference between reflection and refraction.

Identify the law of reflection and Snell's law.

Explain total internal reflection.

Explain the operation of a fiberoptic system.

Describe the three sections of a fiberoptic system.

Identify some optical light sources and optical detectors.

Describe the construction of a fiberoptic cable.

Identify some of the advantages and disadvantages of fiberoptic systems.

7 - INTRODUCTION TO LASERS ...t iser s ssssss e sssss s s s s e s s s s s ms s s sssmn s s sasssnn s snsssnesans --
Describe the basic particle theory of light.

Describe the basic wave theory of light.

Describe the principle behind Quantum Electrodynamic theory of light.

Define the term Laser.

Describe the Quantum Theory of Radiation.

Describe the characteristics of laser light.

Describe the fundamental elements of a laser.

Describe the various uses of lasers.

97



PC CARD
TECHNOLOGY EDUCATION continued

ELECTRONICS continued

E108- INTRODUCTION TO ROTATING MACHINERY ........coiiiicieericcccerssssemee s sssee s sssms e s s s smne s s s smne s s s smnnnes --

*  Describe the various devices that are called rotating machinery.

*  Describe speed, torque, counter electromotive force, loads, power, and efficiency in rotating
machinery.

E109 - INTRODUCTION TO COMPUTERS..........oomiicrirricierrrssssresssssnnesssssnsessssssse s sssssmessssssnsesssssnsesssssnnens --

*  Identify Main Chassis.

*  Identify Monitor.

*  Identify Keyboard.

*  ldentify CPU.

E

Identify Memory.
Identify 1/0.
Identify Systems.
110 - INTRODUCTION TO MICROWANVES...........co i ccirrirriininsnene e s sssssssmns s s s s s ssmms e s s s s s s sssnmsnnnees --
Describe a brief history of microwave inception and explain how microwave
communications were initiated.

*  ldentify basic microwave principles and recognize the Radio Frequency spectrum.

*  Identify microwave frequencies and factors affecting communications.

*  Identify metric prefixes.

*  Perform conversions between different metric prefixes.

PHYSICS

F101 - INTRODUCTION TO PHYSICS ........iiiiciteiiscsrerssssseesssssssessssssssesssssnsssssssssssesssssenssssnnessssssnssnssnnsnns --

*

Define physics.

*  ldentify the three states of matter.

*  Describe the characteristics of each state.

*  Describe how matter can change from one state to another.

F102 - MEASUREMENT ........coiiiicciieiissirersssseesssssss e s ssssss s e sssssssesssssnsesasssnsanessssnensssssnsnsssssnnesssssnsssssnnnesssssnnens --
*  Describe the purpose of measurements.

*  Describe the different types of measurements used by scientists.

*  Describe the measurements for length, area, volume, mass, density and time.

g 0 B 0 ] 3 0 --
*  Define force and torque.

*  Use vectors to represent forces and find resultant forces.

*  Define equilibrium of force.

*  Discuss Newton's Law of Gravitation and define center of gravity.

g 107 S 10 0 0 T R --
*  Define motion.

*  Define and calculate velocity and acceleration.

*  Discuss Newton's laws of motion.

*  Define the acceleration due to gravity.

F105 - WORK AND ENERGY .......coiiiiiiiiriineerersnsssrersssssseessssseesssssssesssssnsasssssnsessssssnsssssssnsesssssnsessssnnssssssnnens --
*  Define work and energy.

Calculate the work done on an object.

Define potential and kinetic energy.

Define power.

Describe machines.

Define heat and temperature.

Describe temperature scales and measurement.

Describe expansion and contraction.

Discuss heat transfer by conduction, convection and radiation.
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PHYSICS continued

FA07 - SOUND.......coiiiiiiciriire s ss s s s s s s m s s s ssm e s e s n e s s s s e amn s nan e s anis
*  Describe sound waves.

*  Describe sound wavelength, frequency and pitch.

*  Describe the Doppler effect.

*  Define sound intensity.

L ] O

*  Define light.

*  Describe sources of light.

*  Describe reflection and refraction.

*  Describe measurements of light.

F109 - MAGNETISM........ooooeiiiiccirerrscer e s ss e e s ss e s s s ssne s essssne e s s mn e s e smn e e e s smna e e s mnnns
*  Define magnetism.

*  Describe different types of magnets.

*  Describe relays, motors and transformers.

*  Describe generators.

F110 - ELECTRICITY ...cooiiiiceieieccereessssssessssssssssssssse s sssssmsessssssnessssssnensssssmsssssssnsesssssnnens
*  Describe electric charges and current.

*  Discuss the units of measurements for electricity.

*  Describe electric circuits and batteries.

*  Describe electrical power.

*  Describe electrical safety codes.

CHEMISTRY

G101 - INTRODUCTION TO CHEMISTRY ....ccooicoeericccrersccmeesssmne s s sssse e s ssme e s ssmnes

Define Chemistry

Define DNA & Codons

Describe inorganic and organic compounds
Define the 4 elements

Define Polymers

Describe Matter and Energy

Define Density

Define the three classes of Matter

Define an element

Describe the two types of changes of Matter.

103 - THE PERIODIC TABLE ......... s

Describe the Periodic Table
Define Periodic Law
Define the four categories of the elements

Define solid, liquids, and gases

Define Boyle's law

Define Charles' laws

Define Avogadro's principle

Define two types of solids

Define a liquid solution

Describe Exothermic and Endothermic processes.

Define atom.

Define the three fundamental particles.
Define the different types of atoms.
Define the atomic number of an atom.
Define an isotope.

G105 - ATOMIC STRUCTURE. ... s

G102 - MATTER AND ENERGY ... s ssanas

G
G104 - SOLID, LIQUIDS AND GASES.........ccoomrmmimnrmnsnssnsnsssssssssssssssssssssssnes

PC CARD
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CHEMISTRY continued

G106 - BONDING ........oeiiirier it s an s s n e e

*

Define the 4 Basic types of Bonds.
Describe the electron dot configuration.

*

G107 - CHEMICAL QUANTITIES .......c i

*

Define a mole, molarity, molality, and gas law
Define dimensional analysis.

*

G108 - CHEMICAL NAMES ..ottt sss s s s ssan s sane s

Describe how a chemical name is derived.

Describe how a simple binary inorganic compound gets its name.
Define suffixes used when metals have more than one oxidation state
Define Oxoacids.

Define the suffixes that denote saturated alkanes.

Describe the difference between alkenes and alkynes.

Define Cycloalkanes, Aldehydes, and Ketones.

* * * * * * *

G109 - CHEMICAL REACTIONS........ e

*  Define the four basic types of chemical reactions.
*  Describe the metals and nonmetal activity series.
*  Define the reaction rate.

Define the major classes of chemical reactions.

G110 - APPLICATIONS ..o s an s

*

Describe the many areas in which chemistry is applied.

*  Describe how energy can be produced.
*  Describe a nuclear reactor.
AUTOMOTIVE

L101 - INTRODUCTION TO THE AUTOMOBILE...........ccooiiirereneeee e

*  Understand the history of the automobile.
*  Identify nine automobile systems.

Identify careers associated with the automobile.

L102 - ELECTRICAL SYSTEM........ooooiiiiiminniiiii s ssnesns

*  ldentify an automotive battery.
*  ldentify automobile devices using electricity.
*  Understand how the devices get electrical energy from the battery.

*

Understand how the alternator works to recharge a battery.
Understand how the ignition coil works to ignite the fuel in the engine.

*

L104 - FUEL SYSTEM.......co et e s s

*  Understand how a carburetor functions.
*  Understand how fuel injection functions.

Understand how a turbo charger functions.

L105 - THE ENGINE ..o

*

Identification of basic engine components
Understand how the engine functions and how engines are classified.

*

L106 - THE COOLING SYSTEM.......oooiirririinnininnn s s s e

*  ldentify the components of an automobile cooling system and understand its function.
*  ldentify the major components of the air conditioning system.

Understand how the air conditioning system functions.

L107 - THE HYDRAULIC SYSTEM ...

*

Understand the automobile braking system.
Understand the automobile power steering system.

*

100

Understand that a computer can control some systems of the automobile
L103 - CHARGING AND IGNITION SYSTEM ........cccccociiiirierrnmr s ssnes
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TECHNOLOGY EDUCATION continued

AUTOMOTIVE continued

L108 - AIR CONDITIONING AND HEATING SYSTEM..........cccoiiioiriirinrnsms s s
*  ldentify the major parts of the air conditioning system.

*  Understand how the air conditioning system functions.

* ldentify the parts of the heating system.

*  Understand how the heating system functions.

L109 - DRIVE TRAIN AND SUSPENSION ........cccocimitniinissims s ssss s s sssssssssnns
*  Identify the components of the drive train.

*  Understand the function of the drive train.

*  Identify the parts of the suspension.

*  Understand the function of the suspension.

L110 - BODY DESIGN.......coiiiiiiiriirissis s es s s sms s s s s sas s s n s s s s s mssa s s sms s s s e snsmnssssnesannsan
*  Understand the components of an automobile body.

*  Understand the function of each body part.

PROJECTS

K101 - NIDA PROBLEM SOLVING MODULE...........ccooiiirmrrreneeeresssene s s ssse e s s ssme e s ssme e s mneeas
*  Identify the three elements of a system process.

*  Understand the use of feedback in a system process.

K102 - BRIDGE BUILDING..........iiiiiiirircrr s sssssr s sss s s s ss s s s s s sa s s s sasssns s sasssnsesassnsenas
*  Discuss the five forces that affect bridges.

*  Demonstrate bridge building knowledge through a tasking game.

*  Construct a bridge project.

K103 - MOUSETRAP CARS ........coiiicceiiiiscnte s sssseessssssse s ss s snn e sssssnn e s s s snne e s s snne e essssmnesssssnnenssssnnenes
*  Use process and construction knowledge to construct a mousetrap car.

PC CARD

*  Demonstrate mousetrap car construction knowledge by challenging computer in cyber task.

*  Demonstrate the effectiveness and viability of mousetrap car in a race.
K104 - INTRODUCTION TO THE VIDEO CAMERA ..o s ssssss s s
*  Discuss and understand the seven sections of a video camera.

ENGINEERING LESSONS

0AODT - EQUATIONS ©.....ceiiiiiceiieiscsmeesssssresssssssesssssss e sssssssesssssssensasssssssasssnsesesssnnesssssnnenssssnnensssnnnes
*  Define the term equation.

*  Define terms associated with equations.

*  Describe equation types.

*  Define linear equations.

*  Describe addition and subtraction laws.

* lllustrate addition and subtraction laws using examples.

*  Describe multiplication and division laws.

*  lllustrate multiplication and division laws using examples.

DAD4 - GRAPHS ...t cccer et ee e sss e s ss e e s san e e e s ame e e s e same e e e s ame e e e s smn e e e s mnene s nneannnnnnan
*  Describe the rectangular coordinate system.

*  Locate points on a rectangular coordinate system.

*  Find the coordinates of a point in a rectangular coordinate system.

*  Define "graph of an equation".

*  Graph linear equations.

*  Graph non-linear functions.

*  Graph functions.

*  Define an asymptote.
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ENGINEERING LESSONS continued

A05 - ANGLES AND ANGULAR MEASUREMENT ..ot

Define the term angle.

Identify positive angles and negative angles.

Identify acute, obtuse, complementary, and supplementary angles.
Identify angle measurements using degrees, minutes, and seconds.
Add and subtract angle measurements.

Understand the relationship between degrees and radians.

Convert degrees into radians.

Convert radians into degrees.

A06 - TRIGONOMETRIC FUNCTIONS..........coooiinrinininnne s sssnnnns

Find the measurement of an unknown angle in a right triangle.

Find the unknown side of a right triangle using the Pythagorean Theorem.
Identify the properties of the 45°-45° -90 © and 30 © -60 © -90 © right triangles.
Identify the six trigonometric functions.

Find the sine, cosine, tangent, cosecant, secant, and cotangent of a given angle.

Identify the relationships between the unit circle and the trigonometric functions.

A07 - REFERENCE ANGLES ..........oo i s

Define the term reference angle.
Determine the value of 8 in each of the four quadrants.

7L = O 0

Define vector terms.

Explain vector notation.

Determine the magnitude and direction of a vector.
Determine the horizontal and vertical components of a vector.
Add vectors using the analytical method.

AD9 = SLOPE ...t

0

0

0

0

0

*  Define the slope of a line.

*  Calculate the slope of a line.
*  Practical applications of slope.
0
0
0
0
0

A10 - EQUATIONS OF STRAIGHT LINES........ccoooirrmnimnn s ssnsas

Determine the equation of a straight line.
Recognize the various forms of an equation of a straight line.
Determine if lines are parallel or perpendicular by comparing their slopes.

A11 - LINEAR INTERPOLATION .....cooiiiiiiiinnenini s esss s ssns

Explain linear interpolation.
Practical applications of linear interpolation.

A12 - SYSTEMS OF EQUATIONS (ALGEBRA) ......eoiiiiiirnerninnsee e snssn s

Define a system of equations.

Solve systems of equations by graphing.

Identify consistent, inconsistent, and dependent systems by their graphs.
Solve systems of equations by substitution.

Solve systems of equations by elimination.

Solve systems of equations and three unknowns.

A13 - SYSTEMS OF EQUATIONS (DETERMINANTS) ....ccociiimiiiiinnennennnnenecenns

Understand what determinants are.
Use determinants to solve a system of two linear equations in two unknowns.

Use determinants to solve a system of three linear equations in three unknowns.
A14 - POLYNOMIALS ........cooiiiicceteirscnresssssseessssssse s sssssne s ssssnn e sssssnn e sasssnnesesssnnasssssnnenssssnnens

Define polynomials

Add polynomials

Subtract polynomials

Multiply a monomial and a polynomial.
Multiply polynomials.

Describe special binomial products.
Divide polynomials by monomials.
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Factoring by finding the greatest common factor.
Factor by grouping.

Factor trinomials.

Factor by recognizing special binomial factors.
Factor literal expressions.

Learn to simplify fractions.
Multiply fractions.

Divide fractions.

Add fractions.

Subtract fractions.

Define a complex fraction.
Simplify complex fractions.

Define fractional equation.
Learn to solve fractional equations.

Factor radicand terms.

Simplify using Product Property of roots.

Simplify using Product Quotient Property of roots.
Rationalize denominators.

Multiply radicals.

Divide radicals.

Add radicals.

Subtract radicals.

Rationalize denominators.

Use Squaring Property of Equations to solve for the unknown.
Solve equations containing one radical expression.
Solve equations containing two radical expressions.

Define the quadratic equations.

Solve quadratic equations by factoring.

Solve word problems.

Solve quadratic equations using completing the square.
Solve quadratic equations using quadratic formula.
Solve word problems.

Define the quadratic function.

Graph the quadratic function.

Fractional Equations
Radical Equations
Equations in Quadratic Form

The j-operator and complex numbers

The complex plane

Graphing complex numbers

Rectangular and Polar form

Polar to Rectangular conversions

Adding and subtracting complex numbers
Multiplying and dividing complex numbers

0
*
*
*
*
*
0
*
*
*
*
*
0
*
*
0
*
*
0
*
*
*
*
*
*
*
*
*
*
*
*
0
*
*
*
*
*
*
*
*
0
*
*
*
0
*
*
*
*
*
*
*

A15 - FACTORING ...t e

A16 - FRACTIONS ... s s s s

A17 - COMPLEX FRACTIONS.........ooiritrntnnrsnmn s s sss s e

A18 - FRACTIONAL EQUATIONS ... s

A19 = RADICALS ...t a s s s s s

A20 - QUADRATIC EQUATIONS ...

A21 - EQUATIONS LEADING TO QUADRATIC EQUATIONS .......ccccimiinrnennnen

A22 - COMPLEX NUMBERS .........cooooiiririrnnnn s

PC CARD
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A23 - EXPONENTIAL AND LOGARITHMIC FUNCTIONS ...t

0
*  Define the exponential function.

*  Understand the graph of the exponential function.

*  Evaluate exponential functions.

*  Define the logarithmic functions.

*  Understand the relationship between exponential and logarithmic functions.
*  Understand the graph of the logarithmic functions.

*  Evaluate logarithmic functions.

0

A24 - PROPERTIES OF LOGARITHMS.........ccoiirnnnnnninin s

Understand how to use properties of logarithms.
Understand and be able to apply the Change of Base Formula.

0A25 - EXPONENTIAL AND LOGARITHMIC EQUATIONS..........ccocomrirrrernse e

*

Define exponential equations.
Solve exponential equations.
Define logarithmic equations.
Solve logarithmic equations.

*

*

*

0A26 - SEMILOGARITHMIC AND LOGARITHMIC GRAPHS. ...,

*

Semilogarithmic Graphs
Logarithmic Graphs

*

0A27 - GRAPHING TRIGONOMETRIC FUNCTIONS. ........cccoiirriicnennennsnees e

Identify the basic graphs for the six trigonometric functions.

Define period and amplitude.

Define the period and amplitude for the six trigonometric functions.
Determine the amplitude of the sine and cosine functions.

Find the change in the period of a trigonometric function.
Determine the phase shift of a trigonometric function.

Waveform definitions.
Production of complex waveforms from combination of sinusoidal waveforms.
Addition of ordinates.

Understand the methods for finding the inverse trigonometric functions.
Know the domains, ranges, and graphs of arcsine, arccosine, and arctangent.
Solve problems involving arcsine, arccosine, and arctangent.

Solve problems involving arccosecant, arcsecant, and arccotangent.

Define the polar coordinate pair.

Graph polar coordinates.

Factor trinomials.

Understand the techniques for graphing polar equations.
Recognize and graph basic polar equations.

¥ 0k X X X QO F X X X X O * kX X QO F X X X X X

1A02 - SAFETY PRACTICES ...t sas s s nesns

Understand the nature of electric shock.
Understand the effects of electric shock.

Know how to prevent electrical hazards.

Know how to provide treatment for electrical shock.
Know how to work on an energized circuit.

Know how to suppress fires.

Recognize safety colors.

Follow hand and power tool precautions.

* * * * * * * *

104

A28 - ADDITION OF ORDINATES........ooi s ss e s sne s

A29 - INVERSE TRIGONOMETRIC FUNCTIONS.........cccoonmirrimnimnesnsnnsn s

Know the domains, ranges, and graphs of arccosecant, arcsecant, and arccotangent.

A30 - POLAR COORDINATES .......ooi it sss s s s s se s s sssns s
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1A03 - ENGINEERING UNITS AND NOTATION

*
*
*
*
[ 1 1]

1
*
*
*
*
*
*
*
*
*

ooe 1A05 CONDUCTORS, INSULATORS AND SEMICONDUCTORS

*

L T N S T I R G R R N T N N N e G D S T I I N e G R T

A04 - NATURE OF ELECTRICITY

A06 - RESISTORS OR RESISTIVE DEVICES

A07 - VOLTAGE AND CURRENT

ENGINEERING LESSONS continued

Convert decimal numbers to powers of ten and vice versa.
Convert decimal numbers to metric prefixes and vice versa.
Add, subtract, multiply, and divide powers of ten.

Add, subtract, multiply, and divide metric prefixes.

Describe the parts of the planetary atom.
State the fundamental law of charges.
State Coulomb's Law.

Describe what current flow is.

Describe what a potential difference is and how it can be generated from a voltage cell.
Explain what resistance is and how it relates to current and potential difference.
Become familiar with standard schematic symbols for electrical and electronic diagrams.
Explain the difference between electron current flow and conventional current flow.

Explain the difference between direct current and alternating current.

Describe the atomic properties of materials that act as conductors.

Explain the relationships between resistance, length, cross-sectional area, and specific

resistivity of conductive materials.
Explain the relationship between resistance and temperature.
Describe the atomic properties of materials that act as insulators.

Explain the reasons for insulator breakdown and calculation of breakdown voltage.

Describe the properties of materials that act as semiconductors.
Describe the characteristics of semiconductors.

Identify the purpose of a resistor.

Identify the unit of resistance as the ohm.
Identify the resistor reference designator code.
Identify resistor schematic symbols.

Identify fixed resistors.

Identify variable resistors.

Define power rating.

Define tolerance.

Identify number/letter codes.

Describe an atom and its structure.

Define electric charge as it relates to electrons and protons.

Describe the law of electrostatic force.

Define voltage and the volt as a unit of voltage.

Define the relationship between voltage and a charged field.

Identify six ways of producing voltage.

Define current and the ampere as a unit of current.

Describe a conductor and the behavior of charges within a conductor.
Describe an insulator and the behavior of charges within an insulator.
Identify the three basic parts of an electrical circuit.

Describe an electrical circuit load and its relationship to the flow of charges.
A08 - SWITCHES, FUSES AND CIRCUIT BREAKERS

Identify the purpose of a switch.

Identify switch schematic symbols.

Describe single and double pole.

Describe single and double throw.

Describe four types of switches.

Identify the schematic symbol for each switch.

Identify the purpose of protection devices.

Identify a fuse and a circuit breaker.

Identify schematic symbols for fuses and circuit breakers.

PC CARD
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B01 - INTRODUCTION TO MULTIMETERS........ccitiiitericcetersscmeessssssne s s s sssse s e ssssse s sssssme s sssssmesssssnmsssasssnnes --
Describe the purpose of a multimeter.
Identify the quantities measured by multimeters.
Identify the two multimeter displays.
Describe the five functional sections of a multimeter.
Describe the purpose of each functional section.
B02 - MULTIMETER USE ..........oiieeiccee s s sce e s s e e s s sme e s s sms e s s s e s s s e e s smn e e s smme e e e smme e e amnensnssnnens --
Recognize an Analog Multimeter.
Recognize a Digital Multimeter.
Recognize the quantities measured by multimeters.
B03 - VOLTAGE MEASUREMENTS ........coiiiiiiriiie e ssme s sms s sms s s s s s s smn e s sssmme s s s smmn e s nn s --
Describe how to set up a multimeter to measure voltage.
Describe how to read a multimeter's display when measuring voltage.
Describe the correct way to connect a multimeter to a circuit for measuring voltage.
B04 - CURRENT MEASUREMENTS ..........oiiiiciiriiicersissmeessssmse s ssssmne s s s sms e s ssssane s ssssamessssssmesssssnmenssssnnnes --
Describe how to set-up a multimeter to measure current.
Describe how to read a multimeter's display when measuring current.
Describe the correct way to connect a multimeter to a circuit for measuring current.
Identify the precautions to observe when making current measurements.
B05 - RESISTANCE MEASUREMENTS ........coccooiriiieriecmerrsssmeesssssmsesssssmse s s s smme s s ssms e sssssme e sssssmsesesssnees --
Describe how to set up a multimeter to measure resistance.
Describe how to read a multimeter's display when measuring resistance.
Describe the correct way to connect a multimeter to a circuit for measuring resistance.
Describe the precautions to observe when making resistance measurements
B06 - MAGNETISIM .......coiiiiiiicccie s e e s s e e s e e s s sme e e s s ms e e e s s mn e s e e smn e e e s mn e e e s ane e e e sane e e sesnneesenmnanensnnens --
Define magnetism.
Identify characteristics of magnets.
Define laws of magnetic attraction and repulsion.
Describe properties of magnetic lines of force.
Identify magnetic and non-magnetic materials.
Define electromagnetism.
Identify the characteristics of electromagnetics.
Describe magnetomotive force.
Determine force.
Determine torque.

1
*  Examine the operation of magnetic circuits.

*  Effects of magnetic and non-magnetic materials in magnetic circuits.

*  Magnetization curves for magnetic materials.

*  Examine step-by-step solutions to numerical examples.

*  Define solenoids.

*  Describe the operation of typical solenoid circuits.

*  Introduce numerical examples of simple solenoid circuits.

1C01 - OHM'S LAW & POWER .........eiiiiicirrencreresssresessss e s ssssss e e e s ssne e s ssme e essssme e nesssmnesasssmnenasssnsnssssnnnnes --
*  Learn what Ohm’s Law is and how voltage, current, and resistance are related.

*  Learn what power is and how voltage, current, and Ohm’s Law are related to power.

1C02 - SERIES CIRCUITS ...t rsssr e s sss s s m e e s mn e s a s mn e e s am e e e e mmn e s mmn e e a s mnn s --
* ldentify a series circuit.

*  Calculate total resistance in a series circuit.

*  Calculate current in a series circuit.

*  Calculate voltage drops across resistance.

*  Calculate the power in a series circuit.

*  Calculate the value for voltage dropping and current limiting resistors.
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ENGINEERING LESSONS continued

1C03 - SERIES TROUBLESHOOTING THEORY .......ooiimiiiininiimnse e ssssnnnns

*

Follow a logical troubleshooting procedure.
Identify an open, short, and a changed value component in a series circuit.
Analyze a series circuit and determine if the circuit is defective.

*

*

1C04 - PARALLEL CIRCUITS ... s s s s

*

Identify a parallel circuit.
Recognize that the applied voltage is the same across each branch.
Calculate current in each branch of a parallel circuit.

Calculate total current from the sum of the individual branches of a parallel circuit.

Calculate total resistance in a parallel circuit.

C05 - PARALLEL TROUBLESHOOTING THEORY ......ccccciimmiiinimnesnennnessecsnssans

Identify an open, short, and changed value component in a parallel circuit.
Analyze a parallel circuit and determine if the circuit is defective.

C06 - SERIES-PARALLEL CIRCUITS......cc ottt nsne s

Identify a series-parallel circuit.

Calculate total resistance in a series-parallel circuit.
Calculate current in a series-parallel circuit.
Calculate voltage drops in a series-parallel circuit.

C07 - SERIES-PARALLEL TROUBLESHOOTING THEORY .......ccocoivmrnemneenennansansses

Identify an open, short, and changed value component in a series-parallel circuit.
Analyze a series-parallel circuit and determine if the circuit is defective.

D01 - VOLTAGE DIVIDER CIRCUITS .......cciiiimimnimnninnisessnssn s ssssssssssssssnnns

Identify a voltage divider circuit.
Identify a voltage divider as being loaded or unloaded.

Calculate voltage, current, and resistance for loaded and unloaded voltage dividers.

Calculate % regulation for a voltage divider circuit.
Identify a current divider circuit.

State the current divider rule.

Calculate branch currents using the current divider rule.

State the purpose of a bridge circuit.
Identify a bridge circuit.

Solve for voltage outputs.

Solve for unknown resistance.
Perform output current calculations.

D03 - KIRCHHOFF'S LAWS ...t sss s ssneas

Identify a complex circuit.

State Kirchhoff's current law.

State Kirchhoff's voltage law.

Calculate current using Kirchhoff's laws.
Calculate voltage using Kirchhoff's laws.

D04 - NORTON'S THEOREM ...t

Describe the purpose of Norton's Theorem.
Describe the procedure in solving circuits using Norton's Theorem.
Nortonize series-parallel circuits.

D05 - THEVENIN'S THEOREM........coomimirninicninnsnnsnsss s sss s s s ssssssssssseeas

Describe the purpose of Thevenin's Theorem.

Describe the 6-step process in solving circuits using Thevenin's Theorem.
Thevenize a Series-Parallel Circuit.

Thevenize a Complex Circuit.

D06 - METER LOADING ........ooiiiiiimiii s s s s an e ssmn s s

Describe the circuit loading effect of multimeters.
Describe how the multimeter loading is reduced.
Describe the ohms-per-volt rating of analog multimeters.

1
1
1
1
1D02 - BRIDGE CIRCUITS ...t s s s
1
1
1
1
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(1) 1E01 VOLTAGE SOURCES & CURRENT SOURGCES...........cccoiiiitiriinrrr e e sss s s s ssssnsesnes --
Describe the ideal and practical electrical characteristics of DC voltage sources.
*  Examine the operation of series, parallel, and series-parallel combinations of DC voltage
sources.
Describe the ideal and practical electrical characteristics of DC current sources.
Examine the operation of series, parallel, and series-parallel combinations of DC current
sources.
Describe the process of converting a DC voltage source to its equivalent DC current source.
Describe the process of converting a DC current source to its equivalent DC voltage source.
) 1E02 IMESH ANALYSIS .....coooiociiiiccerrrssssssessssssr e ssssss e sssssss e e e s s ssn e s sasssms e sasssmnesesssnnenasssnnenssssnnessssnnnnssssnnens --
Describe the six-step process for applying Mesh Analysis in solving complex, multi-source
resistive networks.
*  Apply Mesh Analysis to series-parallel resistive networks sourced by two current sources.
*  Apply Mesh Analysis to series-parallel resistive networks sourced by one voltage source and
one current source.
(T 1E03 NODAL ANALYSIS ...t ss s s ss s sss s s ssns s s s mn s e e sms e sa s smn e s e s smm e e e s smnn s s smmna s s s smnnes --
Describe the five-step process for applying Nodal Analysis in solving complex, multi-source
resistive networks.
*  Apply Nodal Analysis to series-parallel resistive networks sourced by two current sources.
*  Apply Nodal Analysis to series-parallel resistive networks sourced by one voltage sources
and one current source.
ooo 1E04 SUPERPOSITION THEOREM ..........oiiiicciieiccetessscsese s s ssssne s s s ssms e s s me e s s s mn e s s s smne s e sssnmenessssmensnsnnnnes --
Describe the purpose of the Superposition Theorem.
*  Describe the four-step process for applying the Superposition Theorem in solving
complex resistive networks.
*  Apply the Superposition Theorem to series-parallel resistive networks sourced by one
voltage source and one current source.
*  Apply the Superposition Theorem to series-parallel resistive networks sourced by two
current sources.
(T 1E05 MAXIMUM POWER TRANSFER THEOREM............oiiiiriir e mn e s --
Describe the purpose of the Maximum Power Transfer Theorem.
*  Describe the process for applying the Maximum Power Transfer Theorem to a voltage
source or a current source.
*  Apply the Maximum Power Transfer Theorem in a Thevenin equivalent circuit.
*  Apply the Maximum Power Transfer Theorem in a Norton equivalent circuit.
000 1E06 - MILLMAN'S THEOREM ............iiiiieieiiccerersscsse e s ss s ssse s es s see s ss s smn e ss s snn e s e s snn e ne s nne e easssme e sssnnnnesnsnnnens --
*  Describe the three-step process for applying Millman's theorem.
*  Apply Millman's theorem to circuits containing voltage sources, current sources, and
combinations of these source types.

2A01 - CAPACITANCE AND CAPACITORS .......cccociiriiesrrrrsssererssssrerssssssesssssssesssssssessssssseesssssssesensansessasan --
*  To introduce students to the concept of electrical capacitance and to study various types

of capacitors and their physical appearance.
2A02 - RC SERIES CIRCUITS AND TIME CONSTANTS.......cccctiiimteriscnrerrsssssresssssssesssssssesssssssssssssnssesanss --
*  Sketch the voltage across a capacitor or the current through it in an RC circuit as the

capacitor charges or discharges.
*  Determine the instantaneous current through or voltage across a capacitor in an RC

circuit given an input signal.
2A03 - RC SERIES CIRCUITS.......cccctitiirmreriassmresssssssesssssssessssssssesssssssesssssnsessassnsesssssnsesssssnsesssssansssssnsesssssans --
*  Calculate the total capacitance in a series circuit.
*  Calculate the total capacitive reactance in a series circuit.
*  Calculate the total impedance in an RC circuit.
2A04 - RC PARALLEL CIRCUITS......ccccctiiitrrissnr s ssssse s sssssms s s sssms s s ssms e s sssssns s sssssme s s ssssms e s ssssmsessssmsnssnssnns --
*  Calculate total capacitance in a parallel circuit.
Calculate total capacitive reactance in a parallel circuit.
Calculate total impedance in a parallel circuit.

*

*
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2B01 - INDUCTANCE AND INDUCTORS ...t sss s s s sssssnsane s

*

Familiarize students with the various types of inductors including their physical
appearance while introducing some basic electrical responses.
Introduce students to the concept of electrical inductance.

*

2B02 - CURRENT AND VOLTAGE IN INDUCTIVE CIRCUITS .......cccciirnenineecees

*

Introduce students to the instantaneous voltage and current waveforms in a simple RL
circuit.

2B03 - SERIES INDUCTORS........ooiimimrimimnssssn s s s s s ss s s ss s sssssasssassans

*

Calculate total inductance, inductive reactance, and impedance in series inductive
circuits.

Calculate the amount of energy stored in an inductive circuit and investigate the concept
of stray inductance.

*

2B04 - PARALLEL AND SERIES-PARALLEL INDUCTORS........cccoosmirmninnsrs s

*

Calculate total inductance, inductive reactance, and impedance in a parallel inductive
circuit.

Calculate total inductance, inductive reactance, impedance, and energy stored in a
series-parallel inductive circuit.

*

2C01 - SINUSOIDAL AC VOLTAGE GENERATION .......cooriiciirinerrereseeeressmre s e sme e e e e
Introduce the student to the concept of AC voltage, its characteristics, and its generation.

*

*  Examine the operation of a resistive circuit when supplied by an AC source and to
introduce the RMS conversion ratio.

2C02 - OSCILLOSCOPE MEASUREMENTS.........cccoociimrinininnennsn s sssnssssssnns

Review oscilloscope operation.

Review how to read the oscilloscope display.

Describe the procedures for taking DC and AC voltage measurements.

Identify the four major functional sections of an oscilloscope.

Describe the operation of the oscilloscope front panel controls.

Describe the procedure for making accurate signal amplitude measurements.
Describe the procedure for making accurate time and frequency measurements.
Describe the procedure for making accurate phase shift measurements.

Describe the purpose of a function generator.

Identify the types of output signals available.

Identify the operational sections of a function generator.

Describe the purpose of controls and switches found on a typical function generator.

Describe the purpose of a frequency counter.

Describe five measurements performed with a frequency counter.

Identify typical operational sections of a frequency counter.

Identify the controls found on a typical frequency counter and describe their usage.

Investigate the basic electrical characteristics of R, L, and C elements in AC circuits.
Investigate the sinusoidal voltage characteristics of R, L, and C elements in AC circuits.
Investigate the sinusoidal current characteristics of R, L, and C elements in AC circuits.
Investigate the frequency characteristics of R, L, and C elements in AC circuits.

Explain what the term phasor means.

Explain how phasors can be used to represent AC sine waves.
Convert phasor values between polar and rectangular forms.
Perform addition and subtraction of phasor quantities.

Perform multiplication and division of phasor quantities.
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Introduce the student to the concept of AC impedance, inductive reactance, capacitive
reactance and how AC impedance networks can be represented with phasor diagrams.

C03 - FUNCTION GENERATOR CONTROLS ......cccciiiiimnemneniennsn s

C04 - FREQUENCY COUNTER CONTROLS........cccoiiiriimnmn st s

D01 - AC VOLTAGE APPLIED TO R, L, AND C ELEMENTS........ccccoommimmmrrmnimsnnssnsaenans

D02 - AC CIRCUIT PHASORS........ooiiiiiiminninansi s ssas s s s s sssssassssssnns

D03 - AC IMPEDANCE AND PHASOR DIAGRAMS ........coociimirrimnenin s sss e
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2D04 - RC, RL, AND LCR SERIES CIRCUITS.......ccciiiitiriismtesssssnsessssssssesssssss e s sssms e s sssssssssssssnssssssnnsssssnns --
Calculate the total capacitance in a series circuit.
Calculate the total capacitive reactance in a series circuit.
Calculate the total impedance in an RC circuit.
Calculate the circuit values in an RC circuit.
Calculate the total inductance in a series circuit.
Calculate the total inductive reactance in a series circuit.
Calculate the total impedance in an RL circuit.
Calculate the circuit values in an RL circuit.
Calculate the total impedance in an LCR series circuit.
Calculate the circuit values in an LCR circuit.
D05 - PARALLEL RL, RC, AND LCR IMPEDANCE ...........iiicteerccere s ssssse s ssssss e e s ssssne s s s ssne e s ssssms e s snsnnes --
Examine circuits containing parallel resistors, inductors, and capacitors.
Examine circuits containing parallel impedances.
EO01 - VOLTAGE AND CURRENT DIVIDER RULES IN AC........coiiiirrrcccrrssssmressssme e s s ssms e s s smne s s s smnees --
Calculate the voltage drops in a series AC circuit using the voltage divider rule.
*  Calculate the current through each branch in a parallel AC circuit.
2E02 - SERIES-PARALLEL CIRCUITS IN AC ... rrcecssssme e s s sms e s sssms e s ssssmne e sssssneessnsamsessssamsessssnns --
* Introduce the student to the methods for calculating the currents and voltage drops in
series-parallel AC circuits.
2E03 VOLTAGE AND CURRENT SOURCES IN AC. ... e e s s s --
Recognize the schematic symbols of AC current and voltage sources.
*  Convert between AC current and AC voltage sources or vice versa to simplify the
analysis of AC impedance networks.
*  Explain the difference between independent and dependent (controlled) sources.
*  Explain Kirchhoff's Current and Voltage Laws as they apply to AC impedance networks.
2E04 - AC MESH ANALYSIS......cocccciiiicsmrrrsssmresssssssesssssssesssssssessssssssssssssnsesssssnsessassnsesssssnsessassnsessssnnesssasans --
*  Describe the six-step process for applying Mesh Analysis in solving complex, multi-source AC
networks.
2E05 - AC NODAL ANALYSIS ......cccieiiicererrsssrerssssseessssmeessssseesssssssessssansessssansessssansessssansessssansessssnsesssssnns --
*  Describe the five-step process for applying Nodal Analysis in solving complex, multi-
source AC networks.
2E06 - AC BRIDGE NETWORKS ...t sssne s ssssss s s ssss s s s sams s s sms s s s s e s s mn e s s s mne s ssssna s snnnns --
*  Describe the operation and use of AC Bridge Networks.
*  Describe the process of simplifying AC Bridge Networks.
*  Analyze and determine the value of unknown components in an AC Bridge Network.
2E07 - AC SUPERPOSITION THEOREM..........ccocccciiiiceeesrceeeessssse e s s ssss s s ssssse s sssssne e s ssssne e s ssssms e s sssnnsessnnnes --
*  Describe the four-step process for applying the AC Superposition Theorem in solving
complex RL, RC, and LCR AC networks.
*  Apply the AC Superposition Theorem to complex series-parallel RL, RC, and LCR AC
networks sourced by multiple AC voltage sources.
2E08 AC THEVENIN'S THEOREM...........eiiiiereercresssceessssmeese s sms e e s s sss e e s sme e nessmn e e e s smn e s e s smmenessnmnnes --
Describe the purpose of Thevenin's Theorem.
Describe the six-step process in solving circuits using Thevenin's Theorem.
Thevenize a series-parallel AC circuit.
Thevenize a complex ac circuit.
2E09 - NORTON'S THEOREM IN AC CIRCUITS......ccicciciriicserersssseesssssmsessssmse s ssssssesssssnsesssssnnsessssanssssnsans --
*  Describe the purpose of Norton's Theorem.
*  Describe the procedure for producing a Norton Equivalent Circuit.
*  Nortonize an AC series-parallel circuit.
2E10 - MAXIMUM POWER TRANSFER THEOREM IN AC.......ccooooiiiircerersssseresssssresssssssssssssssessssssssesanss --
*  Describe the purpose of the Maximum Power Transfer Theorem.
*  Describe the process for applying the Maximum Power Transfer Theorem to a Thevenin
or Norton circuit representing a complex AC circuit.

*FN) OF RN O*F O F F F * * % % % F

*
*

*

110



ENGINEERING LESSONS continued

2E11 - AC MILLMAN'S THEOREM ...t s s

*  Describe the three-step process for applying Millman's theorem.
*  Apply Millman's theorem to circuits containing voltage sources, current sources, and
combinations of these source types.

2F01 - POWER IN AC CIRCUITS ...t ss s s

Examine the electrical properties of AC power in purely resistive circuits.
Examine the electrical properties of AC power in purely inductive circuits.
Examine the electrical properties of AC power in purely capacitive circuits.
Examine the electrical properties of AC power in RL, RC, and LCR circuits.
Calculate power level changes in decibels.

Introduce the concept of power factor and power factor correction.
Determine the value of a power factor correction capacitor required to correct for
inductive loads.

2F02 - POWER FACTOR AND POWER FACTOR CORRECTION. ..........ccccvmniimnenninnaennenns

2F03 - SERIES RESONANT CIRCUITS ... s

*

Describe series resonance.

*  Calculate the resonant frequency of an LCR series circuit.
*  Describe LCR series circuit values at resonance.

*  Calculate the Q and bandwidth of a series resonant circuit.

2F04 - PARALLEL RESONANT CIRCUITS ......oivoiiirrimnn s sssssssseeas

*

Describe parallel resonance.
*  Calculate the resonant frequency of the LCR parallel circuit.
*  Describe LCR parallel circuit values at resonance.

2F05 - LCR FILTERS ...ttt s e s s

*  Examine electronic filter circuits containing resistors and inductors, and filter circuits
containing resistors and capacitors.
Examine series and parallel tuned circuits.

*

2G01 - INTRODUCTION TO TRANSFORMERS..........ccrrine e

Describe the purpose of transformers.

Identify transformer schematic symbols and the reference designation.
Describe transformer operating characteristics.

Calculate turn ratio.

Calculate secondary voltage, current, and power.

Calculate primary current and power.

Examine the loaded and unloaded characteristics of a transformer.
Examine the referred resistance and reactance characteristics of a transformer.

Describe typical faults in transformer circuits.
Describe transformer troubleshooting procedures.
Describe the procedures for conducting open and short circuit transformer tests.

* Ok RN X XN ¥ X X %%

3A01 - INTRODUCTION TO DIODES..........cccnsmnumrsnrssimseessnssnsssssssssssssssssssssssssssssssssssssssneas

*  Explain the characteristics of conductors and semiconductors at the atomic level.
*  Explain semiconductor doping, and current flow through the PN junction.

*

Describe the purpose of a junction diode.

Identify the schematic symbol for a junction diode.

Describe forward and reverse bias.

Calculate circuit current based on the knee voltage of the diode.

Learn to draw and recognize the characteristic curve for a diode.

Analyze the diode resistance under the forward and reverse bias conditions.
Introduce the concept of the Load line.

L T I I

G02 - TRANSFORMER CIRCUIT ANALYSIS ..o sse s

G03 - TROUBLESHOOTING TRANSFORMERS. ...

Explain breakdown voltages and energy levels of electrons in semiconductor material.
3A02 DIODES AND DIODE CIRCUITS ......cooiciiiiirinmrssssssssssssssss s sssssssssssmsssssssssssssasssssssnns
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B01 - INTRODUCTION TO POWER SUPPLIES AND RECTIFIERS.........ccccciimniinnnennenn,

Describe the purpose of power supplies.
Describe the sections of a typical power supply.
Identify half wave rectifiers.

Identify full wave rectifiers.

Identify bridge rectifiers.

B02 - FULL AND HALF WAVE RECTIFIERS .......ccccovmimitiinnin s

Identify full and half wave rectifier circuits.
Identify the purpose of individual rectifier components.
Describe rectifier operating characteristics.

Identify bridge rectifier circuits.
Identify the purpose of individual bridge rectifier components.
Describe bridge rectifier operating characteristics.

B04 - POWER SUPPLY FILTERS ... s

Describe the purpose of a capacitor input filter.

Explain how the size of the capacitor affects the output ripple voltage.
Explain how a load resistor will affect the output ripple voltage.
Calculate the filtered output from a rectifier circuit.

B05 - POWER SUPPLY DESIGN ........cooiiiimnmiiininmnssssnssnsssssss s s s ssssssssssssseas

Explain how a power supply is designed.
Explain how the components of a power supply are chosen.

3B06 - POWER SUPPLY TROUBLESHOOTING ........cccocoiiimnimniniinimssnsnssnssssssssssssannas

*

Identify and properly diagnose common DC power supply faults.

3B07 - VOLTAGE MULTIPLIER OPERATION.........coiiirriin s

*

Identify the purpose of a voltage multiplier.

Describe operation of half and full-wave voltage multipliers.

Describe advantages and disadvantages of half and full-wave voltage multipliers.
Describe the operation of voltage triplers and quadruplers.

*

*

*

3B08 - DIODE LIMITER OPERATION .......ocoiimnimnsnnr s sse s s s sssssss s ssnenns

*  Describe the purpose of diode limiters.

*  Identify the two different types of diode limiter circuits.

Describe diode limiter operation.

Describe the operation of diode limiter circuits using the second diode approximation.

*

*

3B09 - DIODE CLAMPER OPERATION........oiiriinin s s

*

Describe the purpose of diode clampers.

Identify the two different types of diode clamper circuits.

Describe diode clamper operation.

Describe the operation of diode clamper circuits using the second diode approximation.

*

*

*

3B10 - ZENER DIODE OPERATION ...

*

Identify a zener schematic symbol.

Identify the purpose of a zener diode.

Describe the operation of zener diodes.

Recognize the proper method of using a multimeter to verify zener diode operation.

*

*

*

3C01 - INTRODUCTION TO VOLTAGE REGULATORS........ccciimrrrinimesnenssnssn s

*

Describe the purpose of series voltage regulators.

Describe the operation of basic series voltage regulator circuits.
Describe the purpose of parallel voltage regulators.

Describe the operation of basic parallel voltage regulator circuits.

*

*

*

3C02 - ZENER VOLTAGE REGULATORS ...t

*

Examine the design and operation of practical zener voltage regulator circuits.

3C03 - OPTOELECTRONICS ......coiiiiiirirnsnnsn s s ssss e s ssssssas s ssssesassss e s

*

Introduce the schematic symbols and to explain the operation of LEDs, seven-segment
displays, photodiodes, and optocouplers.

112
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3
3B03 - BRIDGE RECTIFIER CIRCUITS .......ooiiiriiicninnn s sssnnans
3
3
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3C04 - VARACTOR DIODES .........ccciiiiieteriicmtesssssnsesssssssesssssssessssssssssssssnsesssssneesssssnssssessnsessasanes

*  ldentify the schematic symbol for a varactor diode.

*  Describe the operating characteristics of a varactor diode.

*  ldentify typical applications for varactor diodes.

3CO05 - VARISTOR DIODES. .........cccciiiermrersassnesssssnsesssssssesssssssessssssssesssssnsessassnsessassnsessassnsesssssnns

* Identify the schematic symbol for a varistor diode.

*  Describe the operating characteristics of a varistor diode.

*  Identify typical applications for varistor diodes.

3C06 - SCHOTTKY DIODES..........ciiiitiriiirr s sssss e sssms s s sms s s s sms e s s smn e s s s smne s ssssmme e s sssnnes

*  Identify the schematic symbol for a schottky diode.

*  Describe the operating characteristics of a schottky diode.

*  ldentify typical applications for schottky diodes.

3CO07 - DIODE SWITCHES ..o ceiircctesresete s s s s ssssss e s sssssse s sssssns e s sssane s s sssane e s sesansessesnsensnsnnns

*  Explain how a diode operates as a switch.

*  Explain diode characteristics at high switching speeds.

3D01 - INTRODUCTION TO BIPOLAR TRANSISTORS ........ccciimiinierisses s ssss e

*  Sketch the construction and explain electron flow through a correctly labeled transistor
circuit.

3D02 - BIPOLAR TRANSISTOR OPERATION ..o ceeiecererrmr e e e s e s ssssmee e ssssmne e s s ssme e s snsnnes

*  Describe the terms o and B4 and explain how they relate to the currents Ig, Ic, and Ig.

*  Describe how a transistor is biased.

3D03 - BIPOLAR TRANSISTOR CURVES..........coooiriirr it ssssns s ssssns s s smn s ssnnes

*  Draw, label, and describe the transistor base curves.

*  Draw, label, and describe the transistor collector curves.

3D04 - BIPOLAR TRANSISTOR MODELS ........cooieorierinirisms s ssssss s s s ssssssssssssmssssssesas

*  Determine the DC power dissipation in transistors.

*  Sketch and explain various models of the transistor.

*  Determine transistor voltages and currents using the various models of the transistor.

3D05 - THE TRANSISTOR SWITCH & TRANSISTOR LOAD LINES ........cccconiiminninenineenns

*  Understand and design a base bias circuit to create an effective switch of the transistor.

*  Understand where the operating points of a transistor switch are on a load line.

3D06 - TRANSISTOR TESTING .......coccieiicccrerrrcmre s e e e s ss s e s sssms e e ssssmne e s ssssme e s snssmeessnsamsensnsans

*  Understand and determine transistor faults based on in-circuit tests.

*  Understand and determine transistor faults based on out-of-circuit tests.

3D07 - EMITTER BIASING.......... it sam e e e e

*  Describe an emitter biased circuit.

*  Analyze the DC operating point (Q-point).

*  Describe how a change in temperature, and beta will affect the circuit.

3D08 - VOLTAGE DIVIDER BIASING .........cccciiiiiimterrcseeessssssessssssesssssssesssssssssssssnsssssssasssssnsnns

*  Describe voltage divider biasing circuits.

*  Analyze the DC operating point (Q-point).

*  Describe the stability of the voltage divider circuit.

3D09 - EMITTER FEEDBACK BIASING ........oooiicieircccrerrssmre s essmee s ssssmse e sssssme e s s ssms e s snssmsessnsnns

*  Describe Emitter Feedback Biasing circuits.

*  Analyze the DC operating point (Q-point).

*  Describe the effects of change in the Emitter Feedback Biasing circuits.

3D10 - COLLECTOR FEEDBACK BIASING.........cccoiiitiiirrr e ssn e s sne s s sns e sesnes

*  Describe Collector Feedback Biasing Circuits.

*  Analyze the DC operating point (Q-point).

*  To describe the effects of a change in on the Collector Feedback Biasing Circuit.

3D11 - TRANSISTOR BIASING CIRCUIT REVIEW..........ccconimrinrnienisss s s sssss e

*  ldentify the different types of DC biasing circuits.

*  To describe the operation of the DC biasing circuits.

3D12 - PNP TRANSISTOR BIASING ........cccociriicemeerrrsmrersssme e s sssms e s ssssmsesssssms e e sssssnesssssasssssssnns

*  Explain PNP transistor current flow.

Analyze the DC operating point of a PNP voltage divider biased circuit.
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3D13 - TROUBLESHOOTING BIASING CIRCUITS ......coooiiceirirceeesssssee s ssssse s sssssse e sssssnsesssssnsessennns
Explain the effects of opens, shorts, and changed component values on transistor voltages.
3D14 - AC MODELS. ..ot iccceenicccre s e e s s s csn e s s s ssne s s s smn e e s s same s s same e s s s ame e e e s s sme e e e s s mne e e s snnenesnnnneanssnnens

*

*

Explain the purpose of coupling and bypass capacitors.

3EO01 - INTRODUCTION TO THE TRANSISTOR AMPLIFIER.........cccoiimininneninses s s
* ldentify the basic transistor amplifier configurations (Common Emitter, Common Collector, and

Common Base) and state their typical characteristics.

3E02 - HYBRID PARAMETERS ......coooiiriiiicnin s ss s s s s snssmssaas

*

Explain the meaning of each h-parameter: h;, h,, hy, he.

*  Draw the h-parameter model of a bipolar transistor.

*  Use the h-parameter model to draw the AC equivalent of a BJT amplifier.

*  Use the h-parameters to calculate the gain, input impedance, and output impedance
values for basic BJT amplifier configurations.

3E03 - COMMON EMITTER AMPLIFIER ..ottt s

*

Common emitter input circuit.
Amplifier gain calculations and stabilization.
Cascade amplifiers.

*

*

3E04 - COMMON COLLECTOR AMPLIFIER .......cooiiimnimnnnsn s sss s s s s sssssssnnss

*  Explain the operation of the common collector amplifier.

*  Conduct a DC analysis of the common collector amplifier.

*  Conduct an AC analysis of the common collector amplifier.

Examine the operation of a cascaded common emitter/common collector amplifier.

*

3E05 - COMMON BASE AMPLIFIER ..ot

*

Explain the operation of the common base amplifier.
Conduct a DC analysis of the common base amplifier.
Conduct an AC analysis of the common base amplifier.

*

*

3E06 - RC COUPLED TRANSISTOR AMPLIFIER.......miiri e

*

State the purpose of cascade amplifiers.
Calculate total gain of a cascade amplifier.

*

3E07 - MULTISTAGE TRANSISTOR AMPLIFIER .......coiroiiirimrimnn s sss s s

*  Describe the operating characteristics of an RC coupled transistor amplifier.
*  Describe the effect of an input signal's amplitude and frequency in an RC coupled
transistor amplifier.

3E08 TROUBLESHOOTING AMPLIFIER CIRCUITS ......cocoiiiiimnennernininsnnsn s

Examine the effects of the DC operating point on the AC signal in single stage transistor
amplifiers.
*  Examine the effects of open and shorted capacitors on the AC signal in single and multi-
stage transistor amplifier circuits.
Apply basic troubleshooting techniques in the fault finding and repair of single and multi-
stage transistor amplifier circuits.

3F01 - INTRODUCTION TO POWER AMPLIFICATION ..ot s

Explain how the DC load, AC load line, and Q point are determined for a common emitter

amplifier.

Calculate the maximum peak-to-peak unclipped AC voltage possible for a given common

emitter amplifier.

Describe the characteristics of a Class A amplifier.

*  Discuss the factors that limit the power rating of a transistor and what can be done to
improve the power rating.

3F02 - CLASS B OPERATION AND THE PUSH-PULL AMPLIFIER.........ccconnmrrrnenneeee s

Describe the operating characteristics of a Class B power amplifier.

Describe the construction of a Push-Pull amplifier.

Perform DC calculations associated with the Push- Pull amplifier.

Describe the AC operation of a Push-Pull amplifier.

Calculate efficiency and other AC parameters for the Push-Pull amplifier.
Describe some of the advantages and disadvantages of the Push-Pull amplifier.

* F Ok *  *  *
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3F03 - DARLINGTON TRANSISTORS........cccooiimniriinnss s s ssan s

*

Examine the electrical characteristics of the Darlington Transistor configuration.

3F04 - TRANSISTOR VOLTAGE REGULATORS........ccccviimrerinsis e ssn e

*

Examine the operation and electrical characteristics of discrete transistor voltage
regulators.

4A01 - INTRODUCTION TO DIGITAL TECHNOLOGY ......cocomnimnmmienrsanrsesssessssssssssssseens

Identify developments of digital electronics.

Describe the growth of computing equipment.

Identify uses of digital electronics.

Describe input and output conditions for digital circuits.

Identify the AND, OR and NOT functions.

Recognize the digital truth table.

Recognize the AND, OR and NOT Boolean equations.

Identify the characteristics of analog, digital and hybrid systems.

Describe the purpose of a buffer.
Describe the purpose of an inverter.
Describe input threshold voltages.
Describe output threshold voltages.
Describe noise margins.

Recognize the Decimal number system.
Recognize the Binary number system.
Recognize the Octal number system.
Recognize the Hexadecimal number system.
Convert decimal numbers to binary numbers.
Convert binary numbers to decimal numbers.
Convert octal numbers to binary numbers.
Convert hexadecimal numbers to binary numbers.
Add binary numbers.

Subtract binary numbers.

Multiply binary numbers.

Divide binary numbers.

Binary Coded Decimal
Gray Code

ASCII Code

Parity Error Detection
Even/Odd Parity

Identify OR operation and logic symbol.
Identify an OR Boolean equation.
Construct an OR timing diagram.
Construct an OR gate truth table.
Identify input and output waveforms.

Identify AND operation and logic symbol.
Identify an AND Boolean equation.
Construct an AND timing diagram.
Construct an AND gate truth table.
Identify input and output waveforms.

LI S R - I I B - T T N - R R N R R N R N I - O S - I I B

A03 - BUFFERS AND INVERTERS. ...t

A04 - DIGITAL NUMBER SYSTEMS.........ooniiirnnnnnnen s s

A05 - DIGITAL CODES ........coiiiriiin i s an e s

B01 - THE LOGICAL OR FUNCTION.........ccrimimninennsn s s sseens

B02 - THE LOGICAL AND FUNCTION .......ooiiietinin i sssss s sssanesnn s

PC CARD
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4B03 - THE LOGICAL NOT FUNCTION........ooiriirnern s s nnn s

Identify NOT operation and logic symbol.
Identify NOT Boolean symbol.

Construct a NOT timing diagram.
Construct a NOT truth table.

Identify input and output waveforms.

B04 - THE LOGICAL NAND FUNCTION.......ccciiiitmnmmnmn s sss s sesssssssssssssneans

4

*  Identify NAND operation and logic symbol.
*  ldentify NAND Boolean equation.

*  Construct a NAND timing diagram.

*  Construct a NAND gate truth table.

*  ldentify input to output waveforms.
4

4

B05 - THE LOGICAL NOR FUNCTION .......ooiiiinnirit s snsns s s an e ssnn s

Identify NOR operation and logic symbol.
Identify a NOR Boolean equation.
Construct a NOR timing diagram.
Construct a NOR gate truth table.
Identify input to output waveforms.

B06 - EXCLUSIVE OR & EXCLUSIVE NOR LOGIC & CIRCUITS. .........ccccocerrreeerreemeernnnes
Identify the operation, logic symbols and logic schematic representation for the XOR and

XNOR logic circuits.
Investigate their usage as parity generators and checkers.
*  Construct XOR and XNOR truth tables.

*

4C01 - IMPLEMENTING LOGIC CIRCUITS FROM BOOLEAN EXPRESSIONS ....................

*

Outline procedures for describing logic gates and circuits algebraically.

Evaluate the output of logic circuits.

Implement logic circuits given the Boolean expressions.

4C02 - ALTERNATE LOGIC GATE REPRESENTATION; IEEE/ANSI STANDARD LOGIC

*

*

RS0 1111210 11X 1 c )

*

Introduce an alternate set of logic symbology which is equivalent to that previously
studied.

Look at the advantages of using the alternate logic gate symbology.

Describe the concepts of active logic levels.

Modify a logic circuit diagram using alternate gate symbology so that it more effectively
represents the circuit operation.

4C03 - SIMPLIFICATION OF COMBINATIONAL LOGIC CIRCUITS.........ccocmnirrnrnnenssnnns

*

Convert logic expressions into sum-of-products or product-of-sums form.
Minimize logic expressions using the rules of Boolean algebra.
Implement a combinational logic circuit in its simplest form.

*

*

4C04 - KARNAUGH MAPS. ... s a e s

*

Describe Karnaugh maps.
Develop a Karnaugh map for two, three and four variables.
Simplify Boolean algebra equations and using Karnaugh maps.

*

*

4DO01 - LOGIC FAMILIES .......c.oeiieiiiirininicsmssnsss s sss s s sssn s sasssan s s s s s snnnne

Describe TTL logic.
Identify supply voltage.
Define fan-in and fan-out.
Define propagation delay.
Describe CMOS logic.
Describe ECL logic.
Describe IIL logic.

* * * * * *
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4D02 - INTRODUCTION TO INTEGRATED CIRCUITS ......cccccciirricerersrcseeessssseessssseessssssessssssssssssssssesanss --
Identify the different IC construction classifications.
Identify Integration Classifications.
Explain the construction of a basic IC.
Understand the various IC packaging arrays.
Identify basic IC packaging Materials.
Identify various integrated components.
Interpret basic IC numbers.
Locate information on an IC using an IC Data Book.
D03 - TROUBLESHOOTING DIGITAL SYSTEMS. ...t s sms s s --
Introduce students to the common types and symptoms of digital IC faults.
Provide students with the basic troubleshooting procedures and skills necessary to
troubleshoot digital systems.
4D04 - INTRODUCTION TO FLIP-FLOPS.......coo it cctiriccetesiscssseesssssse e s ssssss e s sssssse s sssssse s ssssnnessssssnsessssnsesssnnns --
Identify the purpose of feedback.
Recognize a Q and Q(NOT) condition.
Recognize a SET and RESET condition.
Identify basic flip-flop operation.
Recognize a single gate flip-flop.
Recognize a double gate flip-flop.
D05 = RS FLIP-FLOP ...t mr e s s s s e s s s s s e e e e e e e ame e e e sam e e e e e e s e s mnn s --
Identify the purpose of an RS flip-flop.
Describe an RS flip-flop circuit.
D06 - CLOCKED RS FLIP-FLOP. ... ieiiccctericcete s cssee s s ssne e s s ssme e s s ssms s s mn e e s s smn e e e s nmme e e s nmmn e s s nmnens --
Identify the purpose of a Clocked RS flip-flop.
Describe a Clocked RS flip-flop circuit.
D T I o S I 0 | o 0 --
Identify the purpose of a Type D flip-flop.
Describe a Type D flip-flop circuit.
[ T 1 G I | o 10 ] o --
Identify the purpose of a JK flip-flop.
Recognize a JK flip-flop.
D09 - FLIP-FLOP TIMING AND SYNCHRONIZATION ...t isere s ssses s sssmss s s ssms s ssme s sssnes --
Describe flip-flop level triggering.
Describe flip-flop edge triggering.
Describe flip-flop pulse triggering.
Identify the purpose of a Master Slave flip-flop.
Recognize Master Slave flip-flop circuits.
EO01 - INTRODUCTION TO REGISTERS AND MEMORY ........cccooiiiircmrersssmressssssesssssssessssssssesssssssessnsanes --
Describe the terms Data, Bit and Byte.
Describe serial data transfer.
Describe parallel data transfer.
Identify the purpose of a register.
Describe storage and shift registers.
E02 - 4-BIT STORAGE REGISTER ...t sms s s --
Identify the purpose of a 4 bit storage register.
Recognize 4 bit storage register circuits.
E03 - 4-BIT SHIFT REGISTER......cco i cciiiiiccee e e s e e s s sms e s s sssms e s s s s ssne s s s same s e s s sms e e s s ssmn e s e s smnesasanenssnssnnens --
Identify the purpose of a 4 bit shift register.
Describe right and left shifts.
Recognize 4 bit shift register circuits.
E04 - 8-BIT SHIFT REGISTER.......ccoccoeeeieceeisccre s s e e s s e e s s sssmse s s s smme s s ssme e e s me e e e s s mn e s e s smne s nsmmeenssssnnens --
Identify the purpose of a 8 bit shift register.
Describe synchronous and asynchronous data transfer.
Recognize 4 bit shift register circuits.

N O T T
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4E05 - DIGITAL COUNTING AND FREQUENCY DIVISION ..ot ssse s

Review of counting in base 2.

Review of the J-K flip-flop.

Asynchronous counter operation.

Understanding timing diagrams.

Understanding state transition diagrams.

Understanding how frequency division takes place in a digital counter.

R O D

Provide students with the basic troubleshooting procedures and skills necessary to
troubleshoot flip-flop circuits.

4F01 - BCD ADDITION & HEXADECIMAL ARITHMETIC ... sssnssannns

*

Perform addition of BCD numbers.
Perform addition of hexadecimal numbers.
Perform subtraction of hexadecimal numbers.

*

*

4F02 - INTRODUCTION TO BINARY ARITHMETIC CIRCUITS.........ooirrrrrree e

Review the principles of binary addition and subtraction.

Review the principles of binary multiplication and division.

Identify the purpose of an adder.

Describe how adders are used in addition, subtraction, multiplication, and division.
Identify the purpose of a subtractor.

Describe half and full subtractors.

Describe how half and full subtractors operate.

Identify the purpose of a 4-bit adder.
Describe adder circuits.
Recognize serial and parallel full adder circuits.

Identify the purpose of a 4 bit subtractor.
Describe two's complement.
Recognize serial and parallel full subtractor circuits.

L O L 3 S T S

4G01 - ASYNCHRONOUS (RIPPLE) COUNTERS ........oooomimimiimnin s ssssesssssansnas

*

Introduce the student to operation and characteristics of asynchronous counters.

4G03 - SHIFT REGISTER COUNTERS ..ot s

*

Introduce the student to the operation and characteristics of Ring Counters.
* Introduce the student to the operation and characteristics of Johnson Counters.

4G04 - COUNTER APPLICATIONS ...t sas s s sms s s a s s s an s anennns

*

Analyze the implementation and operation of a digital counter circuit as a frequency counter.
Analyze the implementation and operation of a digital counter circuit as a digital clock.

*

4G05 - INTEGRATED-CIRCUIT REGISTERS. ...t

Introduce the student to the operation and characteristics of Parallel In/Parallel Out
Reqgisters.

* Introduce the student to the operation and characteristics of Serial In/Serial Out
Registers.

* Introduce the student to the operation and characteristics of Parallel In/Serial Out
Registers.

* Introduce the student to the operation and characteristics of Serial In/Parallel Out
Registers.

4G06 - TROUBLESHOOTING SEQUENTIAL LOGIC SYSTEMS ........cocomiiriririennes s

* Introduce the student to the procedures and practices for effective troubleshooting of
sequential logic systems.

4HO1 - DECODERS ... e e e me e an e s ae s e e e s mn e e nn e naas

Introduce the student to the operation and characteristics of digital decoders.
Recognize the IEEE/ANSI symbols for digital decoders.
Analyze and explain the operation of digital decoder circuits.

*  * kX

118

E06 - TROUBLESHOOTING FLIP-FLOP CIRCUITS .......cooiiimiminmimssmssssss s sssssssssssss s ssssssssssnns

FO3 - 4-BIT ADDERS. ...t a e e e

FO4 - 4-BIT SUBTRACTORS ...t e s e e s eam e s

Introduce the student to the operation and characteristics of LED and LCD segmented displays.
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4HO02 - ENCODERS ........oo it s s an e s a e s as s me s nnn

*

Introduce the student to operation and characteristics of digital encoders.
Recognize the IEEE/ANSI symbols for digital encoders.
Analyze and explain the operation of digital encoder circuits.

*

*

4HO03 - MULTIPLEXERS....... e as s s a e s e

*

Introduce the student to the operation and characteristics of digital multiplexers.
Recognize the IEEE/ANSI symbols for digital multiplexers.

Analyze and explain the operation of digital multiplexer circuits.

Troubleshoot digital multiplexer circuits.

*

*

*

4H04 - DEMULTIPLEXERS.......ooiiiimiiniiininnsnnsnn s s s s ss s s s

*

Introduce the student to the operation and characteristics of digital demultiplexers.
Recognize the IEEE/ANSI symbols for digital demultiplexers.

Analyze and explain the operation of digital demultiplexer circuits.

Troubleshoot digital demultiplexer circuits.

*

*

*

4H05 MAGNITUDE COMPARATORS ... s

Identify the operation and characteristics of digital magnitude comparators.
Recognize the IEEE/ANSI symbols for digital magnitude comparators.
Analyze and explain the operation of digital magnitude comparators.
Troubleshoot digital magnitude comparator circuits.

*

*

*

4H06 - DATA BUSING AND TRI-STATE REGISTERS...........ccoooimimnnnine s snseennns

*

Introduce the basic concepts of open-collector and tri-state digital devices.
Introduce the operation and characteristics of tri-state registers.
Introduce the operation and characteristics of data busing.

*

*

CAO03 - ELECTROSTATIC DISCHARGE (ESD) .....corviiiiirininnerinisssss s sss s sssnenans

*

Introduce the student to the concept of electrostatic discharge (ESD) and its causes.
Introduce the student to the proper and safe handling of electrostatic discharge sensitive
devices.

Introduce the student to the methods of controlling and minimizing the damage caused by
electrostatic discharge.

*

*

CB01 - MEASUREMENTS AND MEASUREMENT ERRORS .........cccnnmmiminnec e

*

Errors in Measurements
Accuracy and Errors
Accumulation of Errors

*

*

CB03 MAGNETISM, RELAYS, AND METERS ..ot

Define magnetism.

Identify characteristics of magnets.

Define laws of magnetic attraction and repulsion.
Describe properties of magnetic lines of force.
Identify non-magnetic materials.

Define electromagnetism.

Identify the characteristics of electromagnets.
Describe the operation of a relay.

Describe the operation of a magnetic circuit breaker.
Describe the operation of a meter.

Sections
Controls
Period
Pulse width

* * * *0 * * * * * * * * *

B05 - CATHODE RAY OSCILLOSCOPES. .........cccocoiiiinimninnnnnnnsssssnsn s ssssens
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CO01 - INTRODUCTION TO TOOLS AND SAFETY ....ooiioiiimniriis s sssss s s ssssssssnesnns --

Identify the common types of hand tools

Introduce the correct use of common hand tools.

Introduce proper care, maintenance, and safety procedures for common hand tools.
Identify the common types of power tools.

Introduce the correct use of power tools.

Introduce proper care, maintenance, and safety procedures for common power tools.
Identify the common tools used for electrical and electronic soldering.

Explain the correct use of soldering tools.

Introduce the use and maintenance of the PACE soldering system.

Identify different types of solder.

Identify different types of flux.

Be able to select the correct soldering iron for a particular task.

State the proper method of wire preparation for soldering.

State how to make a "Western Union" wire splice.

Identify different types of wire terminals and their connection methods.
Reemphasize the methods for making reliable solder connections.
Describe how to correct poor solder connections.

C03 - BASIC PCB COMPONENT INSERTION AND EXTRACTION TECHNIQUES............ccceiemrenrunne -

*

*

Identify the general characteristics of PC Boards.

Identify several connection methods used on PC Boards.

Identify the general techniques for inserting components into printed circuit boards.
Identify common faults which may occur when installing components on printed circuit
boards.

Identify the general techniques for extracting components from printed circuit boards.
Identify general techniques for repairing printed circuit board traces and pads.

C
CCO02 - BASIC SOLDERING TECHNIQUES ..........ccciiiiiinimnennni s ssss s s s --
Cc

CC04 BASIC CONNECTOR TERMINATION TECHNIQUES .........ccccimiimiinnninissnnnsssssssnnnns -

*  * kX

*

Introduce the student to standard wire gauges.

Show the common types of wire and cable.

Introduce the typical uses of common wire and cable types.

Introduce the student to basic connector termination techniques.

Show the correct method of terminating banana plugs, crimp connectors, and BNC
connectors.

Develop the skills required to effect routine repairs to electronic equipment.

CC05 BASIC WIRE WRAPPING TECHNIQUES.............cco ottt s -

* * * * * * *o * * * * *
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Introduce wire wrapping terminology.

Describe common types of wire wraps.

Introduce common wire wrap tools.

Describe the characteristics of good wire wrap connections.
Describe the procedure for making good wire wrap connections.
Recognize common wire wrapping faults.

D01 - SIGNAL GENERATORS....... ottt s ss s ss s sas s s an s an e sme s as s as s nsanssan s -

Describe the operation of a sine wave oscillator.

Explain the block diagram of a sine wave generator.

Explain the differences between low frequency and radio frequency sine wave generators.
Explain the operation of a frequency synthesizer.

Describe the operation of a function generator.

Explain the block diagram of a pulse generator.

Explain the operation of a pulse generator.
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Explain the block diagram of a counter/timer.

Describe the internal operation of a counter/timer.
Describe how a counter/timer measures frequency.
Describe how a counter/timer measures period.
Describe how a counter/timer measures time interval.
Describe how a counter/timer measures frequency ratio.

Explain the block diagram of a digital multimeter.

Describe the internal operation of a digital multimeter.

Describe the advantages of a digital multimeter.

Describe how voltage is measured using a digital multimeter.
Describe how current is measured using a digital multimeter.
Describe how resistance is measured using a digital multimeter.

Effective use of functional block diagrams.
Signal tracing techniques.
Signal injection techniques.

Provide an overview of video transmission and reception techniques.
Provide an overview of television scanning techniques.

Examine television scanning frequencies.

Examine television synchronization techniques.

Examine picture quality characteristics.

C
C
C
C
C
*  Define photoconduction.

*  ldentify the components of a CRT.

*  Understand the operations of a CRT.

*  Understand magnetic and electrostatic deflection.

C

* Introduce the student to the basic principles of picture scanning in a television system.
* Introduce the student to the basic principles of picture synchronization in a television
system.

CEO05 - COMPOSITE VIDEO SIGNAL .....ccocciiiirrsrrsssersssssssssmsssssessssssssssessssssssssssssssesssmssssssesas
Introduce the student to the television composite video signal and its electrical properties.
CEO06 - TELEVISION CARRIER SIGNALS .........ccooiiiiiereirssmee s rsssse e s ssssse s sssssne e s s ssne e s ssssms e s snsnnes

*

*

Introduce the student to the encoding composite video and audio signal onto the carrier
signals.

Analyze a Model 13405 TV block diagram.

Understand the purpose of each Model 13405 TV block diagram section.
Analyze television circuits.

Analyze the A/V IF signal processing circuitry.

Understand the purpose of the A/V IF signal processing circuitry.
Analyze the video output circuitry.

Understand the purpose of the video output circuitry.

C
*
*
*
*
*
*
*

D02 - FREQUENCY COUNTERS AND TIMERS ...ttt

D03 - DIGITAL INSTRUMENTS ......coiiiimimninnnnn s ssss s ssss s s s ssssssssssss e eans

E01 - DIAGNOSTIC TROUBLESHOOTING..........cooiiirrinrnn e

E02 - INTRODUCTION TO TELEVISION..........coiimminrinimesssnssn s essnesnns

E03 - TELEVISION CAMERA AND PICTURE TUBES..........ccoconiiininneres s

E04 -TELEVISION SCANNING AND SYNCHRONIZING TECHNIQUES. ...........ccccvvmniemniunnnns

E07 - TELEVISION CIRCUIT ANALYSIS....... it
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