DIGITAL MULTIMETER:
THE DIRTY DOZEN
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111l APPLICATION NOTE

Chris Dunford, Project Manager, Copper Access Business Unit

Telecom field technicians rely on “dirty dozen” electrical measurements to determine the basic quality of a circuit. Traditionally, technicians used an analog
multimeter, sometimes affectionately referred to as a “kick meter”, since the needle would “kick” across the measurement window. Today, technicians use
digital multimeters that are easier to read thanks to LCDs that can lock onto the strongest value for the measurement. These meters provide technicians
with the electrical information needed to rapidly determine the health of the circuit under test. Where the multimeter was once limited to VF circuit quality,
it can now, with the use of “dirty dozen” electrical measurements, also provide a good indication of network health for DSL circuits.

The term “dirty dozen” refers to AC voltage, DC voltage, loop resistance and loop capacitance when measured for T-R, T-G and R-G (also known as
A-B, A-Earth and B-Earth, respectively). Individually, these measurements offer the technician little insight, but collectively, they can provide a wealth of
information for both VF and DSL circuits.

DC Voltage

On a properly provisioned voice circuit, there should be approximately —48 VDC when measuring between R-G (-52 VDC is also acceptable), which
indicates a connection to the voice switch. A value that is too low can indicate that no voice switch is connected or that there is a fault on the circuit.
A value that is too high (higher than —48 VDC to —52 VDC) could indicate a digital service (e.g., power feed for HDSL or SHDSL repeaters). If no voice
switch is connected to the circuit, the DC voltage should be 0 VDC.

AC Voltage

Any AC voltage can indicate a power influence problem. The most prominent reason for a power influence problem is poor grounding or bonding in
either the telephone company or the electrical power company. Telephone cables need to be grounded periodically (i.e., every 400 m or 1300 ft),
and they sometimes share the same ground rod as the electrical power company.

A power influence test can provide additional information to the technician. The power influence test measures the voltage and noise levels related to
50/60 Hz interference.

Resistance POWER INFLUENCE TEST RUNNING
Resistance measurement gives the technician insight into potential resistive C-Messags noiss = -19 d8m
faults that could exist on the circuit under test. A short circuit is the most severe Ikl Flal Noise = -4 4Bm
resistive short there is. In most cases, however, a partial short could exist. Fragusncy  Voltage  Laval
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can provide erroneous results.
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Distance = Measure Loop Resistance

Resistance per unit length

Resistance measurement is probably the most accurate method of determining loop length as compared to capacitance; however, it requires a truck roll
to apply a short at the far end of the circuit. The capacitance measurement will include resistive faults such as bridge taps, splits pairs and water in its
measurement so capacitive length will provide a length longer than expected in these cases. However, capacitance only requires an open circuit

(typically means no truck roll).

Note: If the T & R wires are shorted to ground at the far-end, the resistance between T-G and R-G should be the same value (or within 5%).
Otherwise, the circuit has a resistive balance issue, which may affect DSL service.

Capacitance

Capacitance is a quick test to determine loop length in which only one open circuit is needed. Capacitance measurement is greatly facilitated by the
more popular wire gauges (i.e., 26, 24 and 22 AWG or 0.4, 0.5 and 0.6 mm) as they are designed to have the same (or similar) capacitance values per
unit length (i.e., 83 nF/mile or 52 nF/km).

Distance = Measure Loop Capacitance

Capacitance per unit length

Capacitance measurement will include resistive faults such as bridge taps, splits pairs and water in its measurement, so capacitive length could provide
a length longer than expected in these cases. In addition, if equipment is connected to circuits such as a POTS splitter, a microfilter or a DSL modem,
additional capacitance can be measured.

It should be noted that, on an idle line, the capacitance between T-G and R-G should have the same value (or within 5%). Otherwise, the circuit has a
capacitive balance issue which may affect DSL. When the line is active and the T wire is grounded, T-G capacitance cannot be measured.

EXFQO’s CableSHARK

EXFQO's CableSHARK covers all these important points, for accurate, hassle-free testing. The unit provides AC voltage measurements for T-R, T-G and
R-G connections and shows the predominant AC frequency for each connection. In addition, power influence information is provided up to the
9th harmonic and DC voltage measurements are available for T-R, -G and R-G connections.

As for resistance measurements, the CableSHARK easily tests T-R, T-G and R-G connections and automatically calculates the equivalent length for the
same connections. Measurements in the MQrange indicate an open circuit (use the capacitance measurement for open circuits).

Finally, the CableSHARK also provides capacitance measurements for T-R, T-G and R-G connections and automatically calculates the equivalent length
for the same connections. Measurements indicating less than 200 pF would signify a bad connection to the line (use the resistance measurement to
determine if the circuit has a resistive fault).

Getting through the dirty dozen has never been easier.

EXFO Corporate Headquarters > 400 Godin Avenue, Quebec City (Quebec) G1M 2K2 CANADA | Tel.: 1 418 683-0211 | Fax: 1 418 683-2170 | info@EXFO.com

Toll-free: 1 800 663-3936 (USA and Canada) | www.EXFO.com

EXFO America 3701 Plano Parkway, Suite 160 Plano, TX 75075 USA Tel: 1800 663-3936 Fax: 1972 836-0164
EXFO Europe Omega Enterprise Park, Electron Way Chandlers Ford, Hampshire 5053 4SE ENGLAND  Tel.: +44 2380 246810 Fax. +44 2380 246801
EXFO Asia 151 Chin Swee Road, #03-29 Manhattan House SINGAPORE 169876 Tel.: +65 6333 8241 Fax: +65 6333 8242
EXFO China No.88 Fuhua, First Road Shenzhen 518048, CHINA Tel: +86 (755) 8203 2300 Fax: +86 (755) 8203 2306

Central Tower, Room 801, Futian District
Beijng New Century Hotel Office Tower, Room 1754-1755  Beijing 100044 P. R. CHINA Tel.: +86 (10) 6849 2738 Fax: +86 (10) 6849 2662
No. 6 Southern Capital Gym Road

Appnote160.1AN © 2007 EXFO Electro-Optical Engineering Inc. All rights reserved.

150 9001

N\ EXPERTISE REACHING OUT
N/  Printedin Canada 07/02


http://www.exfo.com/en/index.asp


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


