CONTENTS
Chapter 1 - Electricity ..............1-1

Ohm’s Law/Power Formulas ......................... 1-1
Ohm’s Law Diagram and Formulas. .. .................. 1-2
Power Diagram and Formulas. .. ...................... 1-2
Ohm’s Law and Impedance. ...................c.n... 1-3
Ohm'’s Law for Alternating Current ... .................. 1-4
Ohm’s Law for Direct Current .. ....................... 1-5
Power Factor ........ ... 1-5
Single-Phase Power. .. ........ ... 1-5
Three-Phase AC Circuits and The Utilization of Power . . . .. 1-6
Wye Connection. . ...t 1-6
DeltaConnection . .. ...t 1-6
Four-Wire System. .. .. ... .o 1-6
Volt and Power Ratios vs. Decibels .................... 1-7
AC/DC Power Formulas ............c.c.oiiiiiennan.. 1-8
Horsepower Formulas . . ........... i 1-9
Efficiency Formulas . ....... ... ... ... .. .. ... 1-9
Voltage Unbalance. . ....... .. ... ... ... 1-9
Temperature CONVErsionS . ... ..ovvene i 1-9
Voltage Drop Formulas . ........ .. ... . oot 1-10
Conductor Length/Voltage Drop . . ... .. ..ot 1-10
Conductor Size/Voltage Drop . ... ... .ot 1-10
Formulas for SineWaves. . .......................... 1-11
Calculating Root-Mean-Square. .. .................... 1-11
Circuit Characteristics .. ............ o it 1-12
Resistance ........ .. . 1-14
Resistors Connected in Series/Parallel. . ............... 1-14
CapacitanCe . . .. oo e 1-15
Capacitors Connected in Series/Parallel ............... 1-15
Inductance . ... 1-16



Inductors Connected in Series/Parallel. ................ 1-16

Inductive Reactance ........ ... .. ... .. it 1-17
Capacitive Reactance ............ ..., 1-18
Summary of Series, Parallel and Combination Circuits . . .. 1-19
Electrical Formulas. .. ... ... ... i 1-20
Transformer Turns Ratio. . ........................... 1-24
Transformer Inverse Ratio .. ......................... 1-24

Color Codes for Resistors . .. .....cooviiii . 2-1
Standard Values for Resistors . .. .......... ... ... .. ... 2-2
Capacitors .. ...vui e 2-2
Color Codes for Capacitors. . ........coviiiiennen... 2-3
Color Codes for Ceramic Capacitors . .. ................ 2-3
Standard Values for Capacitors. .. ..................... 2-4
Capacitor Ratings. . .. ..o i 2-5
SineWaves. . ... 2-7
Conductive Leakage Current. .. ......... ... .oovon... 2-7
Wavelengths — Electromagnetic ....................... 2-8
Wavelengths — Mechanical . .......................... 2-9
Standard Wiring Color Codes .. ..o, 2-10
Small Tube Fuses. ... 2-11
Basic Battery Sizes ........ ... 2-12
Fuel Cells and Batteries. .. ..., 2-13
Characteristics of Lead-Acid Batteries................. 2-14
Magnetic Permeability of Some Common Materials . . . . . . 2-14
Transistor Circuit Abbreviations. . ..................... 2-14
Radio Frequency Classifications. ..................... 2-14
Chapter 3-Security ................3-1
Alarm Installation Checklist . ............ ... ... ...... 3-2
Alarm System Documentation. . ....................... 3-4



Alarm Maintenance Checklist .. ....................... 3-6

Control Panel Installation Guidelines. . .................. 3-8
Advantages and Disadvantages of Wireless Systems. . .. .. 3-8
Basic Intruder Alarm Circuit With Annunciator and Relay . . . 3-9
Basic Alarm Circuitry . . ... ... 3-10
Latching Relay Circuit . ......... .. ... oo, 3-11
Normally Open Single-loop Configuration .............. 3-11
Dual-purpose Loop with Variant-value Resistors ........ 3-12
Distance Limits for Alarm Sound Levels. ............... 3-12
Types of ElectricLocks .. ......... ...t 3-13
Locking Characteristics . . . ...... ..., 3-13
Electric Lock Connections. . ..., 3-14
Facility Security Operational Procedures ............... 3-15
Biometric Identifier Characteristics. ... ................ 3-15
Ultrasonic Transceiver Layouts . . ..................... 3-16
Microwave Detector Layouts. .. ............ ... ...... 3-18
Types of Fire Sensors. .. ... oo 3-20
Heat Detectors — Types and Locations. .. ............. 3-21
Smoke Detectors — Types and Locations. ............. 3-21
Application of Interior Motion Sensors ... .............. 3-23
Battery Safety Precautions ............ ... ... ...... 3-23
Battery Terms. . ... ... 3-24
Maintenance of Sealed Lead-Acid (SLA) Batteries .. ... .. 3-24
Sealed Lead-Acid Battery Specifications............... 3-25
Security Camera Light Range Comparisons ............ 3-26
Scene lllumination Levels ............ ... ... ... ... 3-27
Scene Reflectance. . ....... ... i 3-27
Distance Limits for Five-line (0.75%) Object Resolution

on Security Monitors. . .. ... 3-28
Angular Fieldsof View . .. ...t 3-28
Lighting. . ..o 3-29



Quality Lighting Measures . . .. .........c.ccoiiieii... 3-32

Quantity Lighting Measures. .. ......... ... ... 3-32
Primary Lighting Terms and Units of Measurement. . . .. .. 3-33
Inverse Square Law . .. ...t 3-34
Lumen and Foot-Candle Formulas. ................... 3-35
Calculating Maintained Light Level ... ................. 3-36
Common Units of Brightness . ....................... 3-37
Conversion Factors for Units of lllumination. .. .......... 3-37
Light Source Characteristics . . ....................... 3-38
Chapter4-Sound. .................4-1
Parallel Speaker Impedance inOhms. .................. 4-1
Speaker Cable LossinPercent. ....................... 4-1
Speaker Cable Distance and Loss Limitations in Feet . . ... 4-2
70-Volt Distance and Loss Limitationsin Feet............ 4-3
Amplifier Wattage and Current Output in Amps. .......... 4-3
Audio Connector Characteristics ...................... 4-4
Typical Balanced Analog Audio System Specifications. . . .. 4-5
Typical Speaker Cable Specifications. . ................. 4-6
Typical Unbalanced AES3-id or S/PDIF Digital

Audio Specifications .. ......... .. i 4-7
Typical Balanced AES3 Digital Audio Specifications . . . .. .. 4-8
Analog Cable Installation Specifications. .. .............. 4-9
Correcting Impedance Problems ..................... 4-10
Audio Cable Characteristics . ............. ... ... ... 4-10
Digital Audio Cable Characteristics. ................... 4-11
Digital Distance of Twisted Pairs by Gage in Feet ... ... .. 4-11
Capacitance of Coax for Analog Audio ................ 4-12
Snake Cable Considerations by Pair Counts............ 4-13
Coax Velocities and Variations ....................... 4-14
Timing Variations and Distances...................... 4-15
Category Cables and Digital Audio Specifications. . ... ... 4-16

X



75QCoaxial Cable Return Loss . ..................... 4-16

Balanced Line Cables Types and Specifications . . ... .... 4-17
Digital Audio Coax Cable Distance Maximums in Feet. ... 4-18
Category Cables and Balanced Audio . ................ 4-18
Typical Pulling Tensions for Audio Cables .............. 4-19
Unbalanced Audio Output. . ..., 4-20
Balanced Audio Output . ... 4-20
Twisted-pair Flat Cable Specifications for Audio . ........ 4-21
Properties of Cable Insulations .. ..................... 4-21
Category Cables, Digital Cables, and Return Loss . ...... 4-22
Signal-to-Noise on Category Cable ................... 4-22
Stranded Versus Solid Conductors. .. ................. 4-23
Splitting Digital Signals and Return Loss . .............. 4-23
Split Signal Levels .. ....... ... i 4-24
Unbalanced Analog Audio Specifications. .. ............ 4-24
Video Cables for Audio .. ..., 4-25
Causes of Return LossinCoax ..............oouvun.. 4-25
Return Loss Due to Joining Other Cables to

110Q Digital Cable .. ......... ... .o, 4-26
Return Loss Effects .. ... 4-26
Digital Sampling Rates and Applications .. ............. 4-27
Bit Errors and SamplingRates ....................... 4-27
Digital Sampling Rates and Reproduced Bandwidth. . . ... 4-28
Sampling Rates and Occupied Bandwidth ............. 4-28
Sampling Rates and Wavelength ..................... 4-29
Frequency of Aand TChannels . ..................... 4-30
Chapter5-Video ..................5-1
Basic Television Channel .. ......... ... ... . it 5-1
Television Channel Allocations ........................ 5-1
Cable TVChannels ....... ..o 5-3
Harmonically Related Carriers for Cable TV Channels. . . . .. 5-4

Xi



Principal Television Systems .. .......... ... ... ... .... 5-5

Radio Frequency Bands ......... .. ... ... ... ... ... 5-6
Radio Services and Television Interference .............. 5-6
FCC Frequency Allocations from 30kHz to 300,000 MHz. . . 5-7
Frequency of Microwave Bands . ...................... 5-9
Coaxial Cable Construction. . ............ ... ... ... 5-10
Coaxial Cable Classifications ........................ 5-10
Cable Substitutions .. ........ .. i 5-11
Attenuation of Trunk and Distribution

Cables (dB/100ft. at68°F) .. ....... ..o 5-11
Typical Analog Video Specifications . ... ............... 5-12
Common RG Coax Cable Applications ................ 5-12
RG Coax Cable Specifications .. ..................... 5-13
S-Video Cables Types . ... .o it 5-15
CATV/Broadband Cable Shields . . .................... 5-15
Analog Video Over UTP Cable . ...................... 5-15
Messenger Cable—Sag and Span Limits with

Maximum Tension Values . .. ....................... 5-16
Minimum and Maximum Signal Levels

Required at Wall Qutlets .. ........... ... ... ... .... 5-16
[0 Y =Y T o 5-17
VideoSystems . ... ..o 5-17
(7= T 0= = 5-18
Basic Camera Circuits . ... ... 5-20
Field of View for Various Focal Lengths and Formats . . ... 5-21
NTSC Spectrum for the 8mm Format.................. 5-23
Effect of F-stops on Aperture Diameter and

Amountof Light. ........ ... . 5-24
LENSES . ot ie 5-25
Switching and Synchronizing ........................ 5-25
Video Cassette Recorders. .. ...t 5-26
Video Motion Detectors. . ... 5-26



Monitor Viewing Distances ............ ... ... ...... 5-27

Dimensions of Image Size for Various Formats . ......... 5-27
Other Video Components . ...........ccoviuiiinenn.. 5-28
Drop Plant Service Calls — Cable TV Networks . ......... 5-28
Image Compression Standards. . ..................... 5-29
Encoding Rate and Storage Requirements

(80-Second Advertising Spot). ... ... oo 5-29
Digital Modulation Complexity ....................... 5-30
Picture Tube Designations. . ........... ... cocoven... 5-30
Basic Digital Video Specifications. .. .................. 5-31
Precision Digital Cables. .. ......... ... .. 5-32
Digital Video on Twisted Pair Cables .................. 5-33
Precision Digital Cable Distance LimitsinFeet .......... 5-34
Digital DataRates ........... ... 5-35
Third Harmonic and Wavelengths. . ................... 5-36
Video Signals, Clocks, and Wavelengths per Data Rate . . . 5-37
Cause of BitErrors. . ... 5-38
Geostationary Satellites from Eastto West ............. 5-39
DSB-TVINEUrOpe . ....veii e e e 5-49
DSB-TVindapan . .......c.couviiiiniiiinannnn. 5-50
Factors Affecting Satellite Reception .................. 5-51
/D Ratios and lllumination Patterns . . . ................ 5-52
Satellite Dish Mounting Terminology. . ................. 5-53
Typical Receiver Pole Mounting ...................... 5-54
Receiver with Pole Mounted in Attic .................. 5-55
Satellite System Troubleshooting: Indoor Connections

and Settings. .. ... . 5-56
Satellite System Troubleshooting: Outdoor Connections

and Settings. . .. ..o 5-56
Satellite Receiver Polar Mount Settings .. .............. 5-57
Elevation Angles. . ... 5-63



Chapter 6 - Communications . ....... 6-1
Types of Data Networks. . .......... ..., 6-1
Standard Configurations for Several Common Networks . . . 6-1
Maximum Attenuation of Category 3, 4, and 5 Cabling. . . .. 6-2

Worst Pair Next Loss at Specific Frequencies............ 6-2
Ethernet 10Base-T Straight Through Patch Cord . ........ 6-3
Ethernet 10Base-T Crossover Patch Cord. . ............. 6-3
Colors and Functions of Data Cabling .................. 6-3
Minimum Separation Distance From Power Source
at480Vorkless. ... ... 6-4
ISDN Connections . . .. .o vo i it 6-4
Common Telephone Connections. ... .................. 6-5
Color-Codingof Cables. . ........cooviiii ... 6-5
Twisted-Pair Plugsand Jacks . .. ...................... 6-6
Standard Phone Jacks. . .......... ... i 6-6
Pin Connectors. . . ... 6-7
Cross ConNections. . . .. oot i i 6-7
Category Cabling . .. ..o v 6-7
Standard Telecom Color Coding. . ... ..o vviiieieenn... 6-8
25-Pair Color Coding/ISDN Contact Assignments. . ... .... 6-9
66 Block Wiring and Cable Color Coding. . ............. 6-10
ISDN Assignment of Contact Numbers ................ 6-12
Typical Wiring Methods . . ....... .. ... ... ... . L. 6-13
Modular Jack Styles . ............ i 6-14
Common Wiring Configurations .. .................... 6-14
Understanding Decibles . ............. ... ... ... .... 6-17
Formulas for Communications ....................... 6-18
Polarizationand Sequence . ........... ... ... .. 6-19
Polarization Options. . . ... 6-19
Sequence OptioNS . . . ..o et 6-20
ElIA-232 Interface . ... 6-21



IBM/AT Style RS-232 Interface . . ...ttt 6-22

ElA-449 1Interface . . ... 6-23
V35interface .. ..o 6-24
IBM PC Keyboard Interface. . ........................ 6-25
IBM PC PS/2 Keyboard Interface . .. .................. 6-25
Appleinterface. . ........ ... 6-25
HD15 VGA Connector . . ..o v i e ee e 6-25
Common Connector TYpeS . . .+« v v e e et 6-26
Ethernet Transceiver (AUl) Interface . .................. 6-27
Chapter 7 - Fiber Optics ............7-1
Basic Concepts of Optical Fiber. ...................... 7-1
Fiber Safety Precautions ... ........ ... ... ... ... ... 7-2
Typical Bandwidth — Distance Products . .. .............. 7-2
Typical Optical Budgets ........... ..., 7-3
Fiber Optic Connectors — Data Communication Styles. . . .. 7-3
Telephone and High Performance Styles .. .............. 7-4
Typical Bandwidth — Distance Products . .. .............. 7-4
Optical Cable Jacket Materials and Their Properties. . . . . .. 7-4
NEC Classifications for Optical Cables. ................. 7-5
Common Fiber Types. . .. .o 7-6
Comparison of Laser and LED Light Sources ............ 7-7
Comparison of Buffer Types . ..., 7-7
Indices of Refraction ........... ... ... .. i i 7-7
Transmission Rates — Digital Telephone ... .............. 7-7
Mismatched Fiber Connection Losses (dB) .............. 7-8
Power Levels of Fiber Optic Communication Systems . . . .. 7-8
Detectors Used in Fiber Optic Power Meters. .. .......... 7-8
Fiber Optic Testing Requirements. . .................... 7-8
Typical Cable System Faults ......................... 7-9
Most Common Causes of Failure in Fiber Optic LANs . . . .. 7-9

XV



Fiber Optic Loss Budget Analysis. . ................... 7-10

Cable Plant Passive ComponentLoss . ................ 7-11
Specifications for Fiber Optic Networks. .. ............. 7-13
Fiber Optic Labor Units . . . ... 7-15
Fiber Optic Safety Rules .. ...... ... ... ... ... ... ... 7-15
Common Fiber Optic Connectors. .................... 7-16
Optical Cable Crush Strengths ... ......... ... ... ... 7-17
Maximum Vertical Rise Distances. .. .................. 7-17
Maximum Recommended Installation Loads. ........... 7-17
Typical Temperature Ranges of Operation . ............. 7-17
Cable Selection Criteria. . . ... iiii i 7-18
Fiber Optic Data Network Standards .. ................ 7-18
Fiber Types and Specifications ...................... 7-18
General Design Factors for Optical Cabling Systems . . . .. 7-19
Design Choices . ........couuiiii e 7-19
Fiber Choice. . ... ... 7-20
Cable Design . ..o v s 7-20
Fiber Performance . ......... .. i 7-21
Cable Performance ......... ..., 7-21
Industry Optical Standards . ......................... 7-22
Industry Optical Work Standards ..................... 7-23
Blown-InFiber . ... ... 7-23
Cable Assembly Specifications. .. .................... 7-24
Testing Optical Fiber ......... ... .. o .. 7-26
Basic Features of the OTDR Trace . ... .........cntn .. 7-27
Microscope Inspection of Optical Connectors. .......... 7-27
Inspecting Fiber Connection with Microscope........... 7-28
Fiber Optic Testing Requirements. . ................... 7-29
Optical Power Levels of Fiber Optic

Communication Systems . ... 7-29
Characteristics of Detectors Used in

Fiber Optic Power Meters. ......... ... ... .. oo.... 7-29



Basic Fiber Optic Cable Loss Test . ................... 7-30

Double-Ended Cable Loss Test. . ..................... 7-30
Mismatched Fiber Connection Losses (dB) . ............ 7-31
OFSTP-14 Cable Plant Loss Test . ... ............ount. 7-31
Typical Fiber Optic Link . . ........... .o it 7-32

Chapter 8 - Installation and
Wiring Methods. . .................8-1

Installation Requirements. .. ........ ... .. ... .. 8-1
Conductors Entering Buildings . .. ..................... 8-1
Interior Communications Conductors. .. ................ 8-2
Requirements of Article 725 . ....... ... ... o L. 8-2
Definitions. .. ... 8-3
Class 1 Requirements . ..., 8-4
Definitions of Class 2 and Class 3 Circuits. . ............. 8-5
Class2and 3Requirements. ..., 8-5
Cabling Classifications. .. ........... ... i, 8-7
Underground Raceways . ..........c.couviiinnennnnnn.. 8-8
BuryingCable. ....... ... 8-9
Underground Cable Installation. . ..................... 8-10
Routing of Outdoor Aerial Circuits .. .................. 8-11
Circuit Protection ... ... 8-11
Cable Specifications ..., 8-13
CharacteristicImpedance . ............. ..o it 8-13
Signal Reflection ...... ... i 8-14
Standard Wiring Color Codes .. ..o, 8-15
Typesof Conductors . ........oviiiii i 8-16
Copper Wire Specifications. . .............. ... ... 8-19
Copper WireResistance .. ........ ..., 8-20
Modular Pin Connections — Reversed Pair.............. 8-21
Modular Pin Connections — Shorts and Opens . ......... 8-21

XVii



Modular Pin Connections — Split Pairs. . ............... 8-22
Modular Pin Connections — Transposed

orCrossed Pairs ... 8-22
Balanced Pair Transmission ...............ccoovun.. 8-23
Attenuation. ....... ... 8-23
Next (Near End Crosstalk) . ... ..., 8-24
Power Sum Next (Near End Crosstalk). ................ 8-24
ACR (Attenuation to Crosstalk Ratio) ... ............... 8-25
Delay SKeW. .. ..o 8-25
Attenuation-to-Crosstalk Ratio (ACR). .. ............... 8-26

Chapter 9 - Plan Symbols . ..........9-1

Chapter 10 — Conversion Factors
and Units of Measurement........10-1

Commonly Used Conversion Factors. ................. 10-1
Electrical and Common Prefixes. .................... 10-14
Common Electrical Quantities. . ..................... 10-14
ConversionTable . ... 10-14
Electrical Abbreviations . ......... ... ... ... . . 10-15
Conversion Table for Temperature —°F/°C............. 10-16
Decibel Levelsof Sounds .. .......... ...t 10-18
Sound Awareness and Safety....................... 10-19
Hearing ProtectionLevels . ......................... 10-19
Trigonometric Formulas. . ........... ... ... .. ...... 10-20
Decimal Equivalents of Fractions .................... 10-24
Common Engineering Units and Their Relationship . . ... 10-25
Commonly Used Geometrical Relationships ........... 10-26

Chapter 11 - Glossary..............11-1

xviii



II-_- + o &
sbunds « «
ﬁ = Kieneg mopuim
J100Q %
© Kejoy H «
. ) SaydlUms \A
10e1U0d e V/ﬂ /.v
P Aot (ss9| 10 *
= spem Oomv S10v1U0d M f M
o 1] I s
@ﬁ O i
[enaN : D LLLL
¥ to_oj—
l18q
youms 1a1seiN § wrepy A #
[

uonng 19say 4 sdoip JorerpUNUUY

AV13d ANV JOLVIONNNNY HLIM 1INDdID WYYV d3dNdLNI DIsvd

3-9



COMMON UNITS OF BRIGHTNESS

1 Candle per square inch = 452 footlamberts

0.487 lamberts

= 487 millilamberts

1 Footlambert = 1 lumen per sq. foot reflected
or emitted

= 0.00221 candles per sq. in.

= 1.076 millilamberts

1 Lambert = 1 lumen per sg. centimeter
reflected or emitted

= 1000 millilamberts
= 929 footlamberts

= 2.054 candles per sq. in.

1 Millilambert = 0.929 footlamberts

0.002054 candles per sq. in.

CONVERSION FACTORS FOR
UNITS OF ILLUMINATION

Given Multiply By To Obtain
llluminance (E) in lux 0.0929 foot-candles
llluminance (E) in foot-candles 10.764 lux
Luminance (L) in cd/sg. m 0.2919 footlamberts
Luminance (L) in footlamberts 3.4263 cd/sq. m
Intensity (I) candelas 1.0 candlepower
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INDUSTRY OPTICAL STANDARDS

Aside from NEC fire-rating classifications such as general-duty, riser-
rated cable, and plenum-rated cable, the physical construction of optical
cables is not governed by any agency. It is up to the designer of the
system to make sure that the cable selected will meet the application
requirements. Five basic cable types have however emerged as de facto
standards for a variety of applications:

» Simplex and zip cord: One or two fibers, tight-buffered, Kevlar
reinforced and jacketed. Used mostly for patch cord and backplane
applications.

Distribution cables: (Also known as tightpack cables.) Up to several
tight-buffered fibers bundled under the same jacket with Kevlar
reinforcement. Used for short, dry conduit runs, riser and plenum
applications. These cables are small in size, but because their fibers
are not individually reinforced, these cables need to be terminated
inside a patch panel or junction box.

Breakout cables: These cables are made of several simplex units,
cabled together. This is a strong, rugged design, and is larger and
more expensive than the tightpack cables. It is suitable for conduit
runs, riser and plenum applications. Because each fiber is individually
reinforced, this design allows for a strong termination to connectors
and can be brought directly to a computer backplane.

Loose tube cables: These are composed of several fibers cabled
together, providing a small, high fiber count cable. This type of cable
is ideal for outside plant trunking applications. Depending on the
actual construction, it can be used in conduits, strung overhead or
buried directly into the ground.

Hybrid or composite cables: There is a lot of confusion over these
terms, especially since the 1993 United States National Electrical
Code switched their terminology from “hybrid” to “composite”.

—Under the new terminology, a composite cable is one that
contains a number of copper conductors properly jacketed and
sheathed depending on the application, in the same cable
assembly as the optical fibers.

—This situation is made all the more confusing since there is another
type of cable that was formerly called composite. This type of
cable contains only optical fibers, but have two different types of
fibers: Multi-mode and single-mode.

—Remember that there is confusion over these terms; with some
people using them interchangeably. At this point the proper
terminology is the following:

A composite cable is a fiber/copper cable.
A hybrid cable is a fiber/fiber cable.
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