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(I) PREFACE

This document is intended to assist in troubleshooting and help develop troubleshooting skills for the novice or intermediate technicians. Many components of an installation could appear to be the cause of the problem when in fact the real cause of the problem lies elsewhere. It is imperative that the Troubleshooter become fully trained in all aspects, and thoroughly understand the basic requirements for the DirecTV satellite system. This document is not intended to be the only troubleshooting technique or followed step by step. This is a reference document! Each technician has their own unique skills and must use good troubleshooting judgment to locate and correct the problem. 
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(II) MANDATORY TOOL LIST

A technician can not be an effective troubleshooter to complete the job the first time without the proper tools
VOM (Volt Ohm Meter) and the training to use it.
· Signal strength meter preferably capable of reading voltage and amps with the training to use it. It is also very helpful to have a SLM capable of powering the LNB from a self contained power pack.
· 100’ of RG-6 cable with connectors on both ends for a test jumper.
· 12” RG-6 jumper with connector on 1 end and cable cut back on other end to use with VOM.
· Phone line tester to check proper polarity and functionality of phone line connections
· Telephone hand set (test phone) to check proper functionality of phone line
· Minimum of a 28’ non aluminum extension ladder (Fiberglass preferred)
· 6’ non aluminum step ladder (Fiberglass preferred)
(III) TOP FIVE TROUBLESHOOTING METHODS

1. Open-ended questions: After greeting the customer, ascertain the exact problem by asking “open-ended” or “probing” questions. Never assume because a customer tells you that “The Learning Channel gets little colored squares in it every day at 1:15 in the afternoon” that this is your only problem, OR that this necessarily begins at 1:15 in the afternoon. Find out when they turn the T.V. on; Find out what other channels they check through when the problem starts; Find out how long is the duration of the interference or problem. Turn on the set and observe the channels yourself. You will be amazed at how much information you can learn and how drastically it changes the direction you would’ve gone in, had you started with what they told you upfront. THINK LIKE A TROUBLESHOOTER!

2. This ain’t a dance: Keep in mind that a good troubleshooter keeps their steps to a minimum and moves in a single direction. If you are not positive about the situation described by the customer or observed on the screen, then it’s time to troubleshoot the problem. Go to the dish FIRST! By setting up at the dish you can verify multiple things in one stop – LNB condition, “F” connectors and their integrity, continuity from the IRD through the applicable run(s), proper voltages getting back to the IRD, mis-alignment, grounding components, etc. 

3. The work order is not dead: The work order and the customer history can be very valuable tools when troubleshooting any problem. Level of service, previous calls, date of install, etc., can be helpful pieces of information. The work order and its associated history are living documents that establish a benchmark from the DOI (Date Of Install) to the present – use the work order. Also, if in doubt about the amount of information on the work order, ask your dispatcher or supervisor if there is anything in the history (WHS) which would be beneficial to note.

4. Tool Time: If you don’t have a complete and appropriate set of tools (see Mandatory Tool List, page 1) then its time to think about getting some; The right tool for the job is critical. Poorly crafted “F” connectors, due to slip-joint plier crimping, is a service call waiting to happen. If you draw this job, and you yourself don’t own a proper crimper, you may as well not even be there. This applies to all your tools – drill bits, screwdrivers, wrenches, nut drivers, as well as VOM’s, meters, etc., but also equally applies to LNB’s and multi-switches, as spares. Remember, whether or not you are assigned service calls that ALL installers are technicians. A good installation prevents most service calls in the first place, and the proper equipment is a big part of this. 

5. The eyes have it: Thorough visual inspections will tell you a lot. Pay attention to the lash-up behind the set, the runs from the entry bushings back to the ground block, the condition (age, size) of the coaxial cable, the overall appearance of the dish mount, etc. It is very easy (and happens more then you think) to walk past all of these areas and not look at them on your way to the truck, or back into the house. If you were to see staples in a cable run, you don’t need a VOM or anything else to tell you that this ain’t workin! Become familiar, if you aren’t already, with the subtle difference between the diameter of RG-59 and RG-6. Carry two small pieces (3 or 4 inches of each) with you if you need to compare. Remember, a heavily painted RG-59 will appear as RG- 6 from all outward appearances. 

(IV)  SPEC AND MEASUREMENT SHEET
Helpful references to troubleshoot
LNB

There may be slight variances to this but standard is

13 VDC = right hand polarity (odd) --- 18 VDC = LHP (even)
NOTE: some older IRD’s may only have a 17V output. CHECK VOLTAGE CAREFULLY.
cutoff voltage at LNB between L & R is ~15.5 V. This is the point the LNB will change from L to R or back

Output of LNB = -47 dBm
Signal & Power loss

Typical losses through RG-6 cable: 2.1dB@100mhz  3.1dB@200mhz  5.0dB@500mhz  6.9dB@900mhz  9.1dB@1450mhz  10.4dB@1750mhz  11.7dB@2050mhz  *Use “worst case” measurements (i.e. at the highest frequency) where there is greatest loss, if calculating overall cable loss. Use appropriate loss when dealing with specific issues.
loss through a 2 way splitter is 4 db

loss through each diplexer is 4 db

loss through a 4 port multi switch is 3 db at 1450 MHz

loss through a 4 port multi switch at UHF frequencies is 15 db
loop Resistance Any length of cable becomes a resistor and will attenuate (reduce) the voltage applied at the other end. This resistance is referred to as Loop Resistance. This is a critical measurement as your voltage source (the IRD) and LNB are separated by this cable length. The loop resistance for RG-6 is: 40 ohms per 1000’ or 4 ohms per 100’ or 0.4 ohms per ft.
Voltage Drop Calculation Formula: E = I x R  or  Voltage = Current times (loop) Resistance. (Ohms Law).

EXAMPLE: An LNB uses 300mA of current which is = to 0.3 amps and has a cable run of 200’. 
I (current) = 0.3 amps (300mA)

R (resistance) = 0.04 Ohms x 200 ft.

E (voltage) = 0.30 x (0.04x200)
E = 2.4 Volts of attenuated or reduced voltage across this cable run.

IRD

Input to IRD from LNB -23 to -69 dBm.  Note see cable section for calculating this level. 

IRD requires ~ 30 watts of AC (115 VAC)

Phone 

Off hook voltage - less then 11 VDC– typically ~5 VDC

On hook voltage - grater then 17VDC typically ~50 VDC

Ring voltage typically ~ 80 V. This is enough to make you uncomfortable at least.

Modem baud rate = 1200 BPS max

Frequencies
From satellite = 12.2 to 12.7 GHz 

From LNB to IRD = 950 to 1450 MHz. This is known as the “L” band

Ch 3 output = 61.25 MHz     Loss at this frequency is 1.6 Db per 100’

Channel 4 output = 67.25 MHz.   Loss at this frequency is 1.6 Db per 100’

UHF frequencies are 470 to 806 MHz

*Always measure loss at the highest frequency 

ODU

ODU offset is 22.5˚.  The actual signal is being received from a point 22.5˚ higher then the face of the ODU appears to be facing
Transponders

101˚ satellite 1 to 32

110˚ satellite 28, 30 32 down converted with special LNB to 8, 10 & 12

119˚ satellite 22 – 32

** SYMPTOMS AND Common problems 
1.  Blocking in picture or tiling
· Bad IRD 
· Bad LNB 
· Rain, snow, and ice fade 
· Trees, tree limbs, tall grass or some other obstruction of signal. 
· Loose F connector. Could also be a source of weather-related ingress (e.g. moisture, wind, electrical interference) see section 
· Radar detector

· Bad splitter or splitter in backwards.

· Splitter in polarity locked line, wrong frequency pass splitter. I.e. 5 to 900 MHz not a 950 to 1450 MHz (2050MHz if applicable)

· Interference from airport ground control approach (GCA) this could affect several channels that fall in the 960 MHz to 1000 MHz range between the LNB and IRD.

2. Searching for satellite

· Bad LNB.
· Dish out of alignment. 
· Insufficient voltage to LNB 
· Loose “F” connector(s) 
· Bad or poor quality existing home wiring. . 
· Bad IRD or bad power supply in IRD.  
· Sun, Rain, Snow outage or line of sight obstructed. 
· Terrestrial interference.

3. Cannot receive 119˚ or 110˚ satellite

IRD is not set to oval – 2 or 3 satellite modes.

Do not have clear line of sight to 119˚ or 110˚ satellite

Multi-switch is not properly installed. 
Bad Multi-switch
Improper voltage to LNB(s) *e.g. Using a 110 kit.
If 110˚ satellite, diplexer may not be properly installed.

Bad or improper LNB for 110˚ or 119˚satellite
IRD not putting out 22 KHz tone
Loose “F” connector(s)

Bad Multi-Switch
4. Intermittent loss of pictures, not sure why, TV or satellite system

Bad TV.

Poor SQ (Signal Quality) and IRD is on threshold. SQ#’s in the low 40's

Bad IRD.

Interference on satellite signal

Bad AC.

Loose F connector on ground block or LNB.
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5. Dead IRD: No front panel display 
No power to IRD (breaker off, unplugged) or IRD plugged into outlet on a dimmer switch.
Cable to LNB shorted.

Non diode steered splitters used in installation with 2 or more multi-switches.

Lightning strike causing IRD to lock up and turn off.

Bad IRD.

Short in the LNB
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6. Premature rain fade  
Dish not properly peaked.

Polarization of dish on multi-beam ODU

Long drop with no line amp.

Bad piece of cable or non approved cable.
Corroded F connectors or water in ground block.

Several outlets with high insertion loss in splitters & multi-switches.

(Signal quality may be good under blue skies)

Electrical impulse noise from arcing insulator on HV (High Voltage) power lines.

Leaves of a tree drooping down when wet.

Obstruction in line of sight.

Water or ants in feed horn.

Dish under eave of home where water runs off roof on dish.                                                                  Sever thunderheads miles away in LOS to satellite

7. Picture is snowy 
Remember with a digital signal, snowy pictures are never a problem with the LNB or ODU or wiring in-between LNB and IRD

Matching transformer
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Loose F connector between IRD and VCR/TV

Bad jumper cable between IRD and VCR/TV

Bad TV tuner

TV tuner miss tuned, AGC off

Output split to multiple outlets

Long cable run on mirror outlet

VCR is on or mistuned

IRD

Note that the IRD is seldom the problem for snowy pictures.

8. IRD failed phone test
Bad phone jumper or phone line. 
On hook/off hook voltage incorrect. 
Noise on phone line or mismatch in phone line.

Someone picked up phone in home.

Call waiting beeped in during phone test.

Bad modem in IRD.

IRD dialing before dial tone is achieved.

800 block.

Operator intervention on party line.

Wireless jack

Other electronics connected to the phone line in the home: Ringer,  amplifiers, defective phones/answering machines Phone line extenders

1. TROUBLESHOOTING THE ODU
      Single, Dual & Triple LNB’s

Note: Finding an apparent problem doesn’t mean you should not continue to check ODU bolts and connectors for proper torque.  This may save an additional service call in the future.

1. Before you go to the ODU, you should have noted  EL/AZ from setup menu at the IRD or have this information already. The IRD should also be set to a channel received off the 101˚ satellite. 
2. Visual inspections, (with a ladder if needed) at the dish.  

a. Check LNB for cracked covers (white plastic cover over element). This is a source of weather-related ingress (e.g. moisture) 
b. Check coaxial interface at the LNB – Visually inspect the inside of the connector on the cable. Pay close attention to any braid draped across the dielectric or against the center conductor. This braid can and will create problems for the customers reception; not to mention be a potential source for loss of voltage through the run. Connector integrity, and braid across center conductor can only be seen by removing the “F” connectors and visually inspecting the “F connector and cable).

c. [image: image7.wmf]Some Multi-Sat ODU’s use jumpers from the internal multi-switch to the feed arm. If this is the case make sure weather-proofing has been utilized on splices. Verify tightness with 7/16th open end wrench. “Homeruns” (cable straight to LNB) are always preferred over jumpers.

d. Check to be sure there are no obstructions in line of sight to the desired satellite(s). 
3. Connect your SLM to the ODU.
4. Check voltage to be sure you have 13 & 17 VDC respectfully.  This will verify cable is electrically good to the IRD. With the LNB covered with your hand or the ODU off peak, the voltage will alternate between 13 & 17 VDC.
5. Set SLM to signal and check for proper ODU alignment. 

6. If no signal reading is obtained, check azimuth, elevation and (tilt on Multi-Sat) settings. 

7. Align ODU using the pan and elevate method covered in installation manual page 28 section 10.
8. If  signal is not obtained, check settings and try again.

9. If signal is still not obtained, replace LNB and go to step 5 above.

10. Use a permanent marker as “reference marker”. On any subsequent trips, this will tell you or someone else if the dish has moved.)
2. TROUBLESHOOTING COAXIAL CABLE 

Note; use good judgment in troubleshooting steps. Order of steps may be re-arranged for 
conveyance or preference depending on specific onsite limitations. 
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1. A complete, visual (physical) inspection of the coax run(s) can and will tell you more then you think (or assume)! 
a. Never use, or always replace, two piece fittings. 
b. Visually inspect the inside of the connector on the cable. Pay close attention to any braid draped across the dielectric or against the center conductor. This braid can and will create problems for the customers reception; not to mention be a potential source for loss of voltage through 
2. Always change out OEM (Original Equipment Manufacturers) supplied coax SLIP ON jumpers. Keep several jumpers on your vehicle, using RG-6 quad shield cable and one piece connectors. A stock pile of 3’ and 6’ jumpers will satisfy most T.V. setups. (There are always exceptions). Return the OEM jumpers to the customer and replace with quality jumpers. OEM jumpers are invariably a source of ingress, signal “leakage” (which can impair the quality of service) and are notoriously unreliable. 
3. Starting at the IRD, follow the cable run to the ground block and then to the ODU. Physically unscrew the “F” connectors at the ground block and visually inspect the cable center conductor for water, cable braid etc.  

4. Reconnect the “F” connector on the IRD side of the ground block and check for proper voltage on the ODU side of the ground block using a VOM with a short lead or a SLM with voltage setting. 
5. If you have proper voltage at the ODU side of the ground block, then the cable from the ground block to the IRD is not shorted or open and the ground block is passing power.  Reconnect and tighten cables at the ground block and go to troubleshooting the ODU Section 1  
6. A loose connector will prohibit, or attenuate the voltage return path to the LNB as well as a potential source for VSWR (Voltage Standing Wave Ratio). This voltage attenuation will be responsible for providing only half of the authorized channels.
7. Use a 75ohm terminator (readily available at Radio Shack, if not in your own warehouse) screwed onto an F-81, also known as a barrel or barrel splice. Screw the F-81 (w/75ohm term. attached) to one end of a cable run. Go to the opposite end, and place your VOM (Volt Ohm Meter) on the “continuity” or “ohm” setting. Zero the meter using manufactures recommendations. Place one probe on the side of the connector and, without touching the other probe to the connector body, probe the tip of the center conductor. Rarely, if ever, will you read a true 75ohms at the end of a cable drop. However, you should read anywhere from 67ohms on up. If you read a drastically different number, you may have one or more splices in the run, and/or some other impedance mis-match (e.g. staple in cable, smashed cable, etc.) The cable should be replaced.

There are several methods using a VOM to determine continuity of your cable and connectors. Use the methods you and your supervisor are comfortable with.

8. If you have a signal level meter (SLM) and you know the loss per 100’ at the highest frequency in use, you can quickly calculate (reasonable) cable loss. Anything in excess of this loss generally indicates bad or sub-standard cable and/or connectors.
Example of reasonable cable loss would be 125’ of cable with a loss at 1450MHz of 9.1 dB per 100’ = 9.1 x 1.25 = 11.4 dB cable loss. LNB output = -47 – 11.4 = -58.4 into IRD. (Remember from our spec sheet, the IRD will operate to a – 69dBm so we have a reserve of 10.6dBm.) 
Let’s take this a step further. Add 4dB more for a 4 port multi-switch and 4 dB for a diplexer and we have now used all but 2.6dB of our reserve. This means if a good rain cloud passes over we will most likely have rain fade. From this example you can see the importance of keeping the cable run as short as possible and using good quality cable. It is important to know that the IRD signal quality in this scenario we’ll most likely read in the high 90’s until it rains and SQ (Signal Quality) will drop significantly. 
3. TROUBLESHOOTING MULTI-SWITCHES

Including Diplexers/Splitters/Combiners

Before we can troubleshoot a multi-switch you must understand why we require them and how they work. With this knowledge you can better troubleshoot the switch.
Multi-switches are used when the required number of outlets exceeds the available number of IRD inputs from the ODU. A Multi-switch is needed for 3 or more IRD inputs when using an 18” ODU and 5 or more inputs when using an Multi-Sat ODU. A second 4 way Multi-switch or an 8 way is required for 5 or more IRD inputs.

In simple terms, a multi-switch is a switch that changes between the left and right hand polarity inputs as the IRD sensing voltage changes. These inputs are polarity locked from the LNB. (The LNB polarities do not change.) If the IRD is set to a channel that requires a LHP, the IRD puts out 17VDC. The multi-switch senses this voltage and flips to the LHP input from the LNB. In a Multi-Sat installation, the use of an additional 22KHz tone puts a third internal switch into place and now selects the 110/119˚ inputs.
The drawing below on the left shows a 4 port Multi-Switch with ports 1 & 4 having a 17 V input selecting the LHP (top left) feed.  Ports 2 & 3 are sensing a 13 V input and have selected the RHP or top right input.  The antenna input is routed to all ports.  Note from this drawing, the satellite input is routed through an internal 4 way splitter therefore creating 
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The drawing above on the right shows a 4X4 Multi-Switch with a 17 volt input from the IRD with a 22kHz tone therefore selecting the left hand polarity (LHP) of the 119 satellite. 

Of the most common difficulties encountered when installing a multi-switch, there are two which are most common. 

a. Inputs connected incorrectly or
b. Cable lengths exceeded with such severe voltage drop that right or left hand polarities are no longer observed. {A minimum voltage greater then 15.5 volts is not present at the LNB. An example of this is 125’ of RG-6 coax cable with a loop resistance of 4ohms per 100 (0.04 per ft.) = 0.30x(0.04x125)=1.5 volt. 
This example clearly shows that an IRD with an output of 17 volts and 125’ of RG-6 cable with a loop resistance of 4 ohms per 100, will yield 15.5 volts at the LNB. As you remember from the Spec & Measurement sheet, 15.5 volts is the minimum required for successful switching to left hand polarity. We must also remember that these calculations are made at 72 degrees Fahrenheit. As temperature increases so does resistance; therefore this unit may function just fine at the time of installation, it would soon fail as the temperature increases - An important point to remember when troubleshooting. 
[image: image10.wmf]The KTI Multi-Sat as well as the new 18x20 ODU with the triple head LNB, will automatically select either the 101 or 119 satellites, and polarities. It is extremely difficult for an installer to improperly connect wiring on these units; the first generation 18x24 ODU however is a different story. This unit requires running jumpers from the LNB’s to a multi-switch on the back of the ODU or placed in an enclosure on the side of the home. This switch requires the “A” and “B” LNB’s to be connected to specific ports on the multi-switch, and the addition of the sat “C” kit further complicates this connection. See illustration to the right.
1. To check for proper connections on a 4x4 Multi-Switch, tune your IRD to ch. 376. As a point of reference, ch. 376 is the NASA channel a LHP channel on the 119 satellite, which is always in the “clear”. If you see “Cinemax” (which shares the same frequency) or a “No Subscription” message, you have your A/B inputs reversed. 
2. Voltages do not change from the multi-switch to the LNB, they are polarity locked. Ideally the LHP voltage will be at or greater then 16 volts and the RHP will be approximately 12 volts. These voltages must be checked with the LNB still connected to the run – under loaded conditions! (Use your SLM in voltage mode to make this check).

3. In multi-switches equipped with external power supply’s, don’t forget to check the power supply as this potentially could be the problem. (Check the back of the ext. supply to verify the manufacturer voltages for the unit; verify the unit is plugged in to an “active” outlet – NOT a switched outlet!)
4. Remember from our calculations above, an LNB will deliver RHP channels only if the voltages drop below 15.5 at the LNB. ( e.g. You will only receive odd transponders on the IRD).
4. TROUBLESHOOTING IRD’s

Always change out OEM (Original Equipment Manufacturers) supplied coax SLIP ON jumpers.
The IRD does not need to be activated to test or troubleshoot. 
All IRD’s do not put out the same switching voltage! (e.g. 13 and 17 volts) 

Some manufacturers LHP voltage will be in the high 16 volt range, while others can produce a full 18 volts. It is imperative that you make yourself aware of the specifics and differences of each piece of equipment (IRD) you are dealing with, and the various areas of the installation which can be impacted by this knowledge. Incorrect LNB voltage(s) have contributed to the large number of incorrectly diagnosed equipment failures (read: JABIL).
1. Ask the customer to turn on the TV. Verify that the TV comes on and local off air channels are received. In order to troubleshoot the IRD, you must confirm that the TV is working properly.
a. If the TV does not come on, check that it is plugged into an active electrical outlet. Be sure that the outlet is not on a dimmer switch. The IRD will not power on if the AC voltage is below 90 VAC but a light will burn bright at that voltage. 
b. If TV still does not come on, exchange with another TV.

2. Place the TV on channel 3 or 4, (depending on IRD output) using the customers remote control or manual tuner on TV.  

3. Turn on the DIRECTV IRD. Note any change in picture on TV.
4. Be sure the VCR or any other video equipment interconnected with the IRD is turned off at this point.

5. Does an image appear generated by the IRD? (e.g.) searching for satellite, call extension XXX. This will confirm proper connection of IRD, cabling to the TV and the TV is on the proper channel for the IRD output setting. 

a. Image is searching for satellite go to section  1 Troubleshooting ODU 

b. Image is call extension XXX, Call DIRECTV at the number listed on screen.

c. No image, black or solid colored screen, checks to be sure the IRD is plugged into an active electrical outlet.  Be sure that the outlet is not on a dimmer switch. The IRD will not power on if the AC voltage is below 90 VAC but a light will burn bright at that voltage. 
d.  Note different makes and model TV’s will give varying output displays. Some are raster (snow) and others have colored screens. Do not confuse this with a bad TV.

e. If the customer has a VCR or other video component connected in the line, check to see if it is operating properly. This may isolate wiring problems.

f. Press the menu button on the DIRECTV remote control. If no image appears on TV, Run a straight jumper from the IRD channel 3 or 4 output to the TV antenna input to eliminate all other components in the circuit. 

g. If there is no picture and you have confirmed the TV was operational, replace the IRD. The new IRD does not need to be activated to test or troubleshoot. 
h. If there is a DIRECTV image on the TV with the new IRD, activate the IRD. If there is no change in the image on the TV, re-connect the old IRD and re-check wiring from IRD to TV. Confirm that the IRD output channel is the same as TV channel setting.  Confirm that the TV is operational. A different TV may be required to confirm reception on channel 3 or 4.

Remember it may be easier and safer to use your 100’ jumper from the output of the IRD to another TV in the house them physically move TV’s. 

6. Can not buy pay-per-view. 
a. Enter installation and set-up through the menu screen, perform system test and check for phone line OK message

b. If phone line fails, physically inspect the phone connection on the IRD for lightning damage.

c. If no apparent damage is visible go to section 6 Phone line troubleshooting 

d. If phone line passes, contact DIRECTV to be sure the IRD is set up for impulse mode in the billing system.

e. As a last resort after all phone troubleshooting is performed, the IRD should be replaced.
5. PHONE LINES, STATION WIRE & COMPONENTS

The components in the phone line circuit are: customer side of the point of demarcation, station wire, biscuit jack and satin phone jumper.
1) Check to be sure that there is not a phone off hook in the house or that someone is not using the phone line in the home.

2) Check to make sure the phone line is connected to the receiver and biscuit jack.

3) Run a system test. If phone line “not okay” connect a telephone to the phone line at the IRD and check for dial tone.

4) If there is a dial tone, wiggle the phone jumper to be sure there is not just a loose connection here. If there is no dial tone, go to step 8.
5) If there is no loose connection Check on hook voltage to be sure it is greater than 17 V DC. Typical voltage is ~50 V DC.  With a VOM set on DC volts, read across the red and green, (tip & ring), of the phone line. 
6) Check off hook voltage by taking a phone off hook and reading the voltage the same as above. Off hook voltage must be less then 11 V DC. Typical off hook voltage is ~5 VDC.
7) If voltages check OK, replace IRD with a different IRD and run system test.
8) If there is not a dial tone at the IRD end of the jumper, check at the biscuit jack, if there is a dial tone at the biscuit jack, replace the phone jumper. 

9) If there is no dial tone at the biscuit jack, check at the point of demarcation.

10) If there is no dial tone at the point of demarcation contact local telephone company
11) If there is dial tone at the point of demarcation, troubleshoot wiring between point of demarcation and the biscuit jack.
Refer to Tech Tip Volume 1 Issue 3 for phone line installation principals and practices
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