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Tektronix, Inc., PO. Box 500, Beaverion, Oregon 97077, USA
Printed in U.S.A.

Copyright Tektronix, Inc., 1996. All rights reserved. Tektronix products are covered by U.S. and foreign patents,
issued and pending. TEKTRONIX and TEK are registered trademarks of Tektronix, Inc.

Ethernet® is a registered trademark of the Xerox Corporation.

FCC Class A Device

This eguipment has been tested and found to comply with the limits for a Class A
digital device, pursuant to Part 15 of the FCC Rules. These limits are designed to
provide reasonable protection against harmful interference in a commercial environ-
ment. This equipment generated, uses, and can radiate radio frequency energy, and,
if not instailed and used in accordance with the instructions, may cause harmful
interference to radio communications. Operation of this equipment in a residential
area is Hkely to cause harmful interference, in which case the user will be required to
correct the interference at his own expense.

Changes or modification not expressly approved by Tekironix can affect emission
compliance, and could void the user’s authority 1o operate this equipment.

The 1503C Metallic Time-Domain Refiectometer was designed and manufactured by:

Tektronix, Inc.

PO. Box 1197

625 S.E. Salmon Street

Redmond, Oregon 97756-0227 U.5.A
Phone: 1-800-835—9433



EC Declaration of Conformity

We Tektronix Holland N.V.
Marktweg 73A
8444 AB Heerenveen
The Netherlands

daclare under scle responstbifity that the

Tektronix 1503C Metallic Time-Domain Reflectometer
meets the intent of Directive 88/336/EEC for Electromagnetic Compatibility. Compliance was
demonstrated o the following specifications as listed in the official Journal of the European

Communities;

EN 50081-1 Emissions

EN 55011 Radiated, Class A
EN 55011 Conducted, Class A
EN 60555—-2 Power Harmonics
EN 500821 immunity:
[EC 801-2 Electrostatic Discharge
IEC 8013 RF Radiated
IEC 8014 Fast Transients
{EC 8015 Surge

Certificate of the Manufacturer/importer

We hereby certify that the Tekironix 1503C Metallic TDR complies with the BF Interference Suppression
requirements of Amtsbi.-Vfg 1046/1984. The German Postal Service was notified that the equipment is
being marketed. The GermanPostal Service has the right to re-testthe series and to verify that it compiies.

TEKTRGNIX
Bescheinigung des Herstellers/importeurs

Hiermitwird bescheinigt, dab das Tektronix 1503C Metallic TDR Ubereinstimmung mitden Bertimmungen
der Amisbiati-Verfugung 1046/1984 funkentstort ist.  Der Deutschen Bundespost wurde das
Inverkehroringen dieses Gerates angezeigt und die Bereschtigung zur Uberprufung der Serie auf
Einhalten der Bestimmungen eingsraumt.

TEKTRONIX

NOTICE to the user/foperalor:

The German Postal Service requires thatthis equipment, when used in atest setup, may only be operated
if the requirements of Postal Regulation, Vig. 1046/1984, Par. 2, Sect. 1.7.1 are complied with,

HINWEIS fur den Benutzer/Beireiber:

Dieses Gerat darf in Mebaufbauten nur betrieben werden, wenn die Voraussetzungen des Par. 2, Ziff,
1.7.1 der Vig. 1046/1984 eingehalien werden.

NOTICE to the user/operator:

The German Postal Service requires that systems assembled by the operator/user of this instrument
must aiso comply with Postal Regulation, Vig, 243/1881, Par. 2, Sect. 1.

HINWEIS fiir den Benuizer/Betreiber:

Die vom Betreiber zusammengestellie Anlage, innerhalb derer dieses Gerdt eingesetzt wird, muB
ebenialls den Voraussetzungen nach Par. 2, Ziff. 1 der Vig. 243/1991, genligen.




WARRANTY

Tektronix warrants thatthis product will be free from defects in materials and workmanship for aperiod ofone (1) yearfromthe date
af shipment. If any such product proves defective during this warranty period, Tektronix, at s option, either will repair the defective
product without charge for parts-and abor, or will provide a replacement in exchange for the defective product.

in order to obtain service under this warranty, Customer must notify Tektronix of the defect before the expiration of the warranty
period and make suitable arrangementsforthe performance of service. Customer shail be responsiblefor packaging and shipping
the defective productiothe service centerdesignated by Tekironix, with shipping charges prepaid. Tektronixshall payforthereturn
of the product to Customer if the shipment is to a location within the country in which the Tektronix service center is located.
Customer shall be responsibie for paying all shipping charges, duties, taxes, and any other charges for products returnedicany
other locations.

This warranty shalinotapply to any defect, failure or damage caused byimproper use orimproper orinadeguate maintenance and
care. Tektronix shall notbe obligatedto furnishservice underthiswarraniy a) to repairdamage resulting fromattempts by personnel
other than Tektronix representatives to instail, repair or service the product; b) to repair damage resulting from improper use or
connectiontoincompatible equipment; orc) toservice a productthathas beenmodified or integrated with other productswhenthe
effect of such modification or integration increases the time or difficulty of servicing the product.

THIS WARBANTY 1S GIVEN BY TEKTRONIX WITH RESPECT TQ THIS PRODUCT IN LIEU OF ANY OTHER WARRANTIES,
EXPRESSED OR IMPLIED. TEKTRONIX AND ITS VENDORS DISCLAIM ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. TEKTRONIX' RESPONSIBILITY TO REPAIR OR
REPLACE DEFECTIVE PRODUCTS IS THE SOLE AND EXCLUSIVE REMEDY PROVIDED TO THE CUSTOMER FOR
BREACH OF THIS WARRANTY. TEKTRONIX AND ITS VENDORS WILL NOT BE LIABLE FOR ANY INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES IRRESPECTIVE OF WHETHER TEKTRONIX OR THE VENDOR HAS
ADVANCE NOTICE OF THE POSSIBILITY OF SUCH DAMAGES. '
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General Informatio

Product Description ~ The Tektronix 1503C Metallic-cabie Time-Domain Reflectometer (MTDR) is a
cable test instrument that uses radar principles to determine the electrical
characteristics of metailic cables.

The 1503C generates a half-sine wave signal, applies it to the cable under test, and
detects and processes the reflected voltage waveform. These reflections are
displayed in the 1503C liquid crystal display (LCID), where distance measurements
may be made using a cursor technique. Impedance information may be obtained
through interpreting waveform amplitude.

The waveform may be temporarily stored within the 1503C and recalled or may be
printed using the optional dot matrix strip chart recorder, which installs into the
front-panel Option Port.

Battery Pack  The 1503C may be operated from an AC power source or an internal lead-acid
battery that supply a minimum of five hours operating time (see the Specifications
appendix for specifics).

Options  Options available for the 1503C are explained in the Oprions and Accessories
chapter of this manual.

Standards, Documents,  Terminology used in this manual is in accordance with industry practice.
and References Used  Abbreviations are in accordance with ANSI Y1.1-19722, with exceptions and
additions explained in parentheses in the text. Graphic symbology is based on ANSI
Y32.2-1975. Logic symbology is based on ANSI Y32.14-1973 and manufacturer’s
data books or sheets. A copy of ANSI standards may be obtained from the Institute

of Electrical and Electronic Engineers, 345 47th Street, New York, NY 10017.

Changes and History  Changes that involve manual corrections and/or additional data will be incorporated
Information  into the text and that page will show a revision date on the inside bottom edge.
History information is included in any diagrams in gray.

1503C MTDR User Manual vii



General Information

Installation and Repacking

Unpacking and Inltial
Inspection

Power Source and Power
Requirements

Repacking for Shipment

viii

Before unpacking the 1503C from its shipping container or carton, inspect for signs
of external damage. If the carton is damaged, notify the carrier. The shipping carton
contains the basic instraument and its standard accessories. Refer to the replaceable
parts list in the Service Manual for a complete listing.

If the contents of the shipping container are incomplete, if there is mechanical
damage or defect, or if the instrument does not meet operational check requirements,
contact your local Tektronix Field Office or representative. If the shipping container
is damaged, notify the carrier as well as Tektronix.

The instrument was inspected both mechanically and eiectrically before shipment.
It should be free if mechanical damage and meet or exceed all electrical
specifications. Procedures to check operational performance are in the Performance
Checks appendix. These checks should satisfy the requirements for most receiving
or incoming inspections.

The 1503C is intended to be operated from a power source that will not apply more
than 250 volts RMS between the supply conductors or between either supply
conductor and ground. A protective ground connection, by way of the grounding
conductor in the power cord, is essential for safe operation.

The AC power connector is a three-way polarized plug with the ground {earth) lead
commected directly to the instrument frame to provide electrical shock protection. If
the unit is connected to any other power source, the unit frame must be connected
to earth ground.

Power and voltage requirements are printed on the back panel. The 1503C can be
operated from either 115 VAC or 230 VAC nominal line voltage at 45 Hz to 440 Hz,
or a battery pack.

Further information on the 1503C power requirements can be found in the Safety
Summary in this section and in the Operating Instructions chapter.

When the 1503C 1s to be shipped to a Tektronix Service Center for service or repair,
attach a tag showing the name and address of the owner, name of the individual at
your firm who may be contacted, the complete serial number of the instrument, and
a description of the service required. If the original packaging is unfit for use or is
not available, repackage the instrament as follows:

1. Obtain a carton of corrugated cardboard having inside dimensions that are at
least six inches greater than the equipment dimensions to allow for cushioning.
The test strength of the shipping carton should be 275 pounds (102.5 kg). Refer
to the following table for test strength requirements:

1503C MTDR User Manual



General Information

SHIPPING CARTON TEST STRENGTH
Gross Weight (ib) Carton Test Strength (Ib)
0-10 200
11-30 275
31120 375
121 - 140 500
141 - 160 600

2. Install the front cover on the 1503C and surround the instrument with
polyethylene sheeting to protect the finish.

3. Cushion the instrument on all sides with packing material or urethane foam
between the carton and the sides of the instrument,

4. Seal with shipping tape or an industrial stapler.

If you have any questions, contact your local Tektronix Field Office or
representative.

1503C MTDR User Manual i
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Safety Terms and Symbols

VAN

The safety information in this summary is for operating personnel. Specific
warnings and cautions will be found throughout the manual where they apply, but
might not appear in this summary. For specific service safety information, see the
1503C Service Manual.

Terms in this manuai:

WARNING. Warning statements identify conditions or practices that could result in
injury or loss of life.

AN

CAUTION. Caution statements identify conditions or practices ithat could result in
damage to this product or other property.

Power Source

1503C MTDR User Manual

Terms on the Product:

DANGER indicates an injury hazard immediately accessible as you read the
marking.

WARNING indicates an injury hazard not immediately accessible as you read the
marking.

CAUTION indicates a hazard to property including the product.

Symbols in the Manual:

VAN

WARNING or CAUTION
information

Symbols on the Product:

4 S A )

DANGER Protective Ground ATTENTION Double
High Yoltage {Earth} Terminal Referto Insuiated
Manual

This product is intended to operate from a power source that will not apply more than
250 volts RMS between the supply conductors or between the supply conductor and

Xi



General Information and Safety Summary

Grounding the Product

Danger Arising from Loss
of Ground

Use the Proper Power
Cord

Use the Proper Fuse

Do Not Operate in
Explosive Atmosphere

Do Not Remove Covers or
Panels

Connecting Cables to the
Front-Panel BNC

Xii

ground. A protective ground connection, by way of the grounding conductor in the
power cord, is essential for safe operation.

This product is grounded through the grounding conductor of the power cord. To
avoid electrical shock, plug the power cord into a properly wired receptacle before
connecting to the product input or output terminals. A protective ground connection
by way of the grounding conductor in the power cord s essential for safe operation.

Upon loss of the protective-ground connection, all accessible conductive parts
{including knobs and controls that appear to be insulating) can render an electric
shock.

Use only the power cord and connector specified for this product. Do not use this
instrument without a rated AC line cord.

The standard power cord (161-0288--00) is rated for outdoor use. All other optional
power cords are rated for indoor use only.

Use only a power cord that is in good condition.

Refer cord and connector changes to qualified service personnel.

To avoid fire hazard, use only a fuse of the correct type.

Refer fuse replacement to qualified service personnel.

To avoid explosion, do not operate this product in an explosive atmosphere unless
it has been specifically certified for such operation,

To avoid personal injury, do not remove the product covers or panels. Do not operate
the product without the covers and panels properly installed.

To avoid possible damage to the front-end circuitry, connection of a cable that is,
or can be, driven by active circuitry should be avoided if the voltage could exceed
400 V.

1503C MTDR User Manual



General Information and Safety Summary

Disposal of Batteries

1503C MTDR User Manual

This instrument contains a sealed, spill-proof lead-acid battery. Some states and/or
local jurisdictions might require special disposition/recycling of this type of
material in accordance with Hazardous Waste guidelines. Check your local and state
regulations prior to disposing of an old battery.

Tektronix Factory Service will accept 1503C batteries for recycling. If you choose
to return the battery to us for recycling, the battery cases must be intact, the battery
should be packed with the battery terminals insulated against possible short-circuits,
and it should be packed in shock-absorbant material.

Send batteries, post-paid, to:

Tektronix, Inc.

Atin: Redmond Service
625 §.E. Salmon Street
Redmond, OR 97756

For additional information, phone: 1-341-923-0333

Xiii
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Operating Instructions

Overview

Handling

Powering the 1503C

15303C MTDR User Manual

The 1503C front panel is protected by a watertight cover, in which the standard
accessories are stored. Secure the front cover by snapping the side latches outward.
If the instrument is inadvertently left on, installing the front cover will turn off the
POWER switch automatically.

The carrying handle rotates 325° and serves as a stand when positioned beneath the
instrument.

The 1503C can be stored in temperatures ranging from-62° C to +85° C if a battery
is not installed (Option 03). If a battery is installed and the storage temperature is
below —35° C or above +65° C, the battery pack should be removed and stored
separately (see 1503C Service Manual for instructions on removing the battery).
Battery storage temperature should be between —33° C to +65° C.

In the field, the 1503C can be powered using the optional internal battery. For AC
operation, check the rear panel for proper voltage setting. The voltage selector can
be seen through the window of the protective cap. If the setting differs from the
voltage available, it can be easily changed. Simply remove the protective cap and
select the proper voltage using a screwdriver.

~N )
REMOVE \%emovﬁ
AP 10

CAPTO

bl e
Voitage / /7
Selecior (
/
- |
Line Fuse \
AC Power /\/

Cord Receptacle \

Figure 1-1: Rear Panel Voltage Selector, Fuse, AC Receptacle



Operating Instructions

The 1503C is intended to be operated from a power source that will not apply more
than 250 V RMS between the supply conductors or between either supply conductor
and ground. A protective ground connection by way of the grounding conductor in
the power cord is essential for safe operation.

The AC power connector is a three-way pelarized plug with the ground (earth) lead
connected to the instrument frame to provide electrical shock protection. If the unit
is connected to any other power source, the unit frame must be connected to an earth
ground. See Safety and Installation section.

CAUTION. If vou change the voltage selector, you must change the line fuse to the
appropriate value as listed near the fuse holder and in the table below.

Care of the Optional
Battery Pack

VAN

Battery Charging

FUSE RATING VOLTAGE RATING

250V : NOMINAL RANGE
03AT 115 VAC (90 - 132 VAC)
OGI5AT 230 VAC (180 - 250 VAC)

CAUTION. Read these instructions concerning the care of the optional battery pack.
They contain instructions that reflect on your safety and the performance of the
instrument.

The 1503C can be powered by an optional rechargeable lead-gel battery pack that
is accessible only by removing the case from the instrument. When AC power is
applied, the battery pack is charged at a rate that is dependent on the battery charge
state.

The battery pack will operate the 1503C for a minimum of eight continuous hours
(including making 30 chart recordings) if the 1.CID backlight is turned off.

The battery pack will charge fully in 16 hours when the instrument is connected, via
the power cord, to an AC power source with the instrument turned off. The
mstrument may be turned on and operated while the batteries are charging, but this
will increase the charging time. For longest battery life, a full charge is preferred
over a partial charge.

For maximum capacity, the batteries should be charged within a temperature range
of +20° C to +25° C. However, the batteries can be charged within a temperature
range of 0° C to +40° C and operated in temperatures ranging from~10°Cto+55° C.

1503C MTDR User Manual
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Low Battery

Low Temperature
Operation

1503C MTDR User Manual

CAUTION. Do not charge battery pack below (° C or above +40° C. Do not
discharge battery pack below —10° C or above +55° C. If removing the baitery pack
during or after exposure to these extreme conditions, turn the instrument off and
remove the AC power cord.

The battery pack should be stored within a temperature range of -35° C to +65° C.
However, the self-discharge rate will increase as the temperature increases.

1f the instrument is stored with the battery pack installed, the battery pack should
be charged every 90 days. A fully charged battery pack will lose about 12% of its
capacity in three to four months if stored between +20° C and +23° C.

If the battery is low, it will be indicated on the LCD (bat/low). If this is the case,
protective circuitry will shut down the 1503C within minutes. Either switch to AC
power or work very fast. If the instrument is equipped with a chart recorder, using
the recorder will further reduce the battery level, or the added load might shut down
the instrument.

JhaWlowal oo 000
U
e T S P S TR
: U 5
A
e " Low Battery
; : : : : : : : : indicator
500" Tavg " 0pody C T BOOOH 2ns

Figure 1-2: Display Showing Low Battery Indication

Protection circuits in the charger prevent deep discharge of the batteries during
instrument operation. The circuits automatically shut down the mstrument
whenever battery voltage falls below approximately 10 V. If shutdown occurs, the
batteries should be fully recharged before further use.

NOTE. Turn the POWER switch off after instrument shutdown 1o prevent continued
discharge of the batteries.

When the instrument is stored at temperatures below —~10° C, voids might develop
in the liguid crystal display (LCD). These voids should disappear if the instrument
is placed in an ambient temperature = +5° C for 24 hours.

When operating the 1503C in an environment below +10° C, a heater will activate.
The element is built into the LCD module and will heat the display to permit normal
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operation. Depending on the surrounding temperature, it might take up to 15
minutes to completely warm the crystals in the LCD. Once warmed, the display will
operate normally.

Preparing to Use the 1503C

Check the power requirements, remove the front cover, and you are ready to test
cables. The following pages explain the front-panel controls.

Tektron]x 1503C gfﬁéﬁ@sﬁi[' <> posimon B\

U - S DO SOt AU AU # 2 o

50 & 1 avg .00 4o 11 Zns_ |

BIPEQANGE NOISE FILTER

VERT SCALE IOy

Figure 1-3: 1503C Front-Panel Controls

CAUTION. Do not connect to circuits or cables with live voltages greater than 400 V
! peak. Voltages exceeding 400 V might damage the 1503C front-end circuits.
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Display

Powser Front-Panel fo Cursor
Type Cursor Waveform Distance Window
| l
cac L0001
View input S _
indicator ~—r— Girid
View Store____|¢
Indicator
View Difference |
indicator % : : : : : : : :
Indicator %[ ____________________ S Soon
5062 1 avg 0.00dB 5000 ft 2ns
i i i i
Selected Selected Selected Selected Selected
impedance MNoise Filter Vertical Scale Distance per Pulse Width

Division
Figure 1-4: Display and Indicators

Front-Panel Controls
1. CABLE: A female BNC connector for attaching a cable to the 1503C for

testing.

IMPEDANCE 2. IMPEDANCE: A four-position rotary switch that selects the output impedance
_//—\\_ of the cable test signal. Available settings are 50, 75, 93, and 125 Ohms. The

& j selected value is displayed above the control on the LCD.
3. NOISE FILTER: If the displayed waveform is noisy, the apparent neise can
NCISE FILTER be reduced by using noise averaging. Averaging settings are between 1 and 128,
f ﬁ\ The time for averaging is directly proportional to the averaging setting chosen.
% A setting of 128 might take the instrument up to 35 seconds to acquire and
| orz” display a waveform. The first two positions on the NOISE FILTER control are
i vear~/ SET REF used for setting the vertical and horizontal reference points. The selected value

or function 1s displayed above the control on the LCD.

VERT SCALE 4. VERT SCALE: This control sets the vertical gain, displayed in dB, or the
f\L vertical sensitivity, displayed in mp per division. Although the instrument
Uu defaults to dB, you may choose the preferred mode from the Setup Menu. The

selected value is displayed above the control on the LCD.

5. DIST/DIV: Determines the number of feet (or meters) per division across the

DIST/DIV display. The minimum setting is 1 ft/div (0.25 meters) and the maximum setting
72N is 5000 ft/div (1000 meters). The selected value is displayed above the control
N on the LCD.

1503C MTDR User Manual 1-5
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POWER -
{PULL ON) Q

PULSE WIDTH

O

£
4 POSITION

O

<> POSITION

O

MENU

CVEW |,
INPUT |
VIEW |
STORE,*)
VIEW  [p
DIEF |
STORE |_»

10.

11.

12.

13.

14.

15.

A standard instrument defanlts to fv/div. A metric instrument (Option 05)
defaults to m/div, but either may be changed temporarily from the menu. The
default can be changed by changing an internal jumper (see [503C Service
Manual and always refer such changes to qualified service personnel).

Vp: The two Velocity of Propagation controls are set according to the
propagation velocity factor of the cable being tested. For example, solid
polyethylene commonly has a Vp of 0.66. Solid polytetrafiourethylene (Teflon
@) is approximately (.70. Air is 0.99, The controls are decaded: the left control
is the first digit and the right control is the second digit. For example, with a Vp
of (.30, the first knob would be set to .3 and the second knob to .00,

POWER: Pull for power ON and push in for power OFE. When the front cover
is installed, this switch is automatically pushed OFF

PULSE WIDTH: This is a five-position rotary switch that selects the pulse
width of the cable test signal. The available settings are: 2, 10, 100, 1000
nanoseconds, and AUTO. The selected value is displayed on the L.CD adjacent
to the control. The AUTO setting sets the pulse width according to the distance
registered at the right side of the LCD. The selected value is displayed to the left
of this control on the LCD.

5 POSITION: This is a continuously rotating control that positions the
displayed wavetorm vertically, up or down the LCD.

<= POSITION: This is a continuously rotating control that moves a vertical
cursor completely acrass the LCD graticule. In addition, the waveform is also
moved when the cursor reaches the extreme right or left side of the display. A
readout (seven digits maximum) is displayed in the upper right comer of the
LCD, showing the distance from the front panel BNC to the current cursor
location.

MENU: This pushbutton provides access to the menus and selects items chosen
from the menus.

VIEW INPUT: When pushed momentarily, this button toggles the display of
the waveform acquired at the CABLE connector. This function is useful to stop
displaying a current waveform to avoid confusion when looking at a stored
waveform. This function defaults to ON when the instrument is powered up.

VIEW STORE: When pushed momentarily, this button toggles the dlbplay of
the stored waveform.

VIEW DIFT: When pushed momentarily, this button toggles the display of the
current waveform minus the stored waveform and shows the difference between
them.

STORE: When pushed momentarily, the waveform cwrrently displayed will be
stored in the instrument memory. If a waveform is already stored, pushing this

1563C MTDR User Manual
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Menu Selections

Main Menu

1503C MTDR User Manual

button will erase it. The settings of the stored waveform are available from the
first level menu under View Stored Waveform Settings.

There are several layers of menu, as explained below.,

The Main Menu is entered by pushing the MENU button on the front panel.

1.

Return to Normal Operations puts the instrument into normal operation
mode,

Help with Instrument Controls explains the operation of each conirol. When
a control or switch is adjusted or pushed, a brief explanation appears on the
LCD.

Cable Information has these choices:

a.

b,

Help with Cables gives a brief explanation of cable parameters.

Velocity of Propagation Values displays a table of common dielectrics and
their Vp values. These are nominal values. The manufacturer’s listed
specifications should be used whenever possible.

Impedance Values displays impedances of common cables. In some cases,
these values have been rounded off. Manufactorer’s specifications should
be checked for precise values.

Finding Unknown Vp Values describes a procedure for finding an
unknown Vp.

Setup Menu controls the manner in which the instrument obtains and displays
its test results.

a.

Acquisition Control Menu has these choices:

i. Max Hold Is: On/Off. Turm Max Hold on by pushing MENU then
STORE. In this mode, waveforms are accumulated on the display. Max
Hold can be deactivated by pushing STORL or the mode exited by
using the Setup Menu.

ii. Pulse Is: OnfOff. Turns the pulse generator off so the 1503C does not
send out pulses.

iii. Single Sweep Is: On/Off. This function is much like a still camera; it
will acquire one waveform and hold it.

Vertical Scale Is: dB/mp. This offers you a choice as to how the vertical
gain of the instrument is displayed. You may choose decibels or millirho.
When powered down, the instrument will defauit to decibels when powered
back up.
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<.

d.

Distance/Div Is: ft/m. Offers you a choice of how the horizontal scale is
displayed. You may choose from feet per division or meters per division.
When powered up, the instrument will default to feet unless the internal
jumper has been moved to the meters position. Insfructions on changing this
default are contained in the 1503C Service Manual.

Light Is: On/Off. This control turns the electroluminescent backlight
behind the LCD on or off.

5. Diagnostics Menu lists an extensive selection of diagnostics to test the
operation of the instrument.

NOTE. The Diagnostics Menu is intended for instrument repair and calibration.
Proper instrument setup is important for correct diagnostics results. Refer to the
1503C Service Manual for more information on diagnostics.

Service Diagnostics Menu has these choices:

i

ii.

i,

iv.

vi.

Sampling Efficiency Diagnostic displays a continuous efficiency
diagnostic of the sampling circuits,

Noise Diagnostic measures the internal RMS noise levels of the
instrument.

Impedance Diagnostic tests the output impedance circuits in the
instrument,

Offset/Gain Diagnostic reports out-of-tolerance steps in the program-
mable gain stage. This can help a service technician to quickly isolate
the cause of waveform distortion problems.

RAM/ROM Diagnostics Menu performs tests on the RAM (Random
Access Memory) and the ROM (Read Only Memory).

Timebase Is: Normal - Auto Correction / Diagnostic - No
Correction, When in Normal - Auto Correction, the Instrurnent
compensates for variations in temperature and voltage. This condition
might not be desirable while calibrating the instrument. While in
Diagnostic - No Correction, the circuits will not correct for these
variations.

Front Panel Diagnostics aids in tesiing the front panel.

LCD Diagnostics Menu has these choices:

i.

1.CD Alignment Diagnostic generates a dot pattern of every other
pixel on the 1.CD. These pixels can be alternated to test the LCD.

Response Time Diagnostic generates alternate squares of dark and
light, reversing their order. This tests the response time of the LCD and

1503C MTDR User Manua_]
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6.

7.

can give an indication of the effectiveness of the LCD heater in a cold
environment,

iii. LCD Drive Test Diagnostic generates a moving vertical bar pattern
across the LCD.

iv. Contrast Adjust allows you to adjust the contrast of the LCD. It
generates an alternating four-pixel pattern. The nominal contrast is set
internally. When in Contrast Adjust mode, VERT SCALE is used as the
contrast adjustment control. This value ranges from 0 to 255 units and
is used by the processor to evaluate and correct circuit variations caused
by temperature changes in the environment.

d. Chart Diagnostics Menu offers various tests for the optional chart
recorder.

i,  LCD Chart aliows adjusting the number of dots per segment and the
number of prints (strikes) per segment.

ii. Head Alignment Chart generates a pattern to allow mechanical
alignment of the optional chart recorder.

View Stored Waveform Settings displays the instrument settings for the stored
waveform.

Option Port Menu contains three items. Two items allow configuration of the
option port for communicating with devices other than the optional chart
recorder and one item test the opiion pott.

a. Option Port Diagnostic creates a repeating pattern of signals at the option
port to allow service technicians to verify that all signals are present and
working correctly.

b. Set Option Port Timing allows adjustment of the data rate used to
communicate with external devices. The timing rate between bytes can be
set from about 0.05 to 12.8 milliseconds.

¢. Option Port Debugging Is Off/On. Off is quiet, On is verbose. This
chooses how detailed the error message reporting will be when communi-
cating with an external device.

Itis possible to connect the instrument to acomputer through a parallel interface
with a umque software driver. Because different computers vary widely in
processing speed, the instrument must be able to adapt to differing data rates
while communicating with those computers. With user-developed software
drivers, the ability to obtain detailed error messages during the development can
be very useful, For more information, contact your Tektronix Customer Service
representatives. They have information describing the option port hardware and
software protocol and custom development methods available.
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Test Preparations

The Importance of Vp

(Velocity of Propagation)

Vp of Various Dielectric

1-10

Types

The SP-232, a serial interface product, also allows for connection of the 1503C
to other instrumentation, including computers, via the option port. SP-2321s an
RS-232C-compatible interface. For more information, contact your Tekironix
Customer Service Representative. They can provide you with additional details
on the hardware and software protocol, '

8. Display Contrast (Software Version 5.02 and above)

a. Pressthe MENU button firmly once, If the display is very light or very dark,
you might not be able to see a change in the contrast.

b. Turn the VERTICAL SCALE knob slowly clockwise to darken the display
or counterclockwise to lighten the display. If you turn the knob far enough,
the contrast will wrap from the darkest to lightest value.

¢. When the screen is clearly readable, press the MENU button again to return
to normal measurement operation. The new contrast value will remain in
effect until the instrument is turned off.

Vpis the speed of a signal down the cable given as a percentage of the speed of light
in free space. It is sometimes expressed as a whole number (e.g., 66) or a percentage
(e.g., 66%). On the 1503C, it is the percentage expressed as a decimal number (e.g.,
66% = .66). If you do not know the velocity of propagation, you can get a general
idea from the foliowing table, or use the Help with Cables section of the Cable
Information menu. You can also find the Vp with the procedure that follows using
a cable sample.

NOTE. If vou do not know the Vp of your cable, it will not prevent you from finding
a fault in yvour cable. However, if the Vp is set wrong, the distance readings will be
affected.

All Vp settings should be set for the cable under test, not the supplied jumper cable.

Dielectric Probable Yp
Jelly Fifled 64
Polyethylene (PIC, PE, or SPE) 66
PTFE (Tellon @) or TFE 76
Pulp Insulation T2
Foam or Cellular PE (FPE} 78
Semi-solid PE (SSPE) .84
Ajr (helical spacers) 98

1503C MTDR User Manual
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Impedance of Various
Cable Types

Finding an Unknown Vp
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3602 750 230 1250
RG— RG-6/U RG-7/U RG-23/T
RG--8/U RG-11/U RG-22/U RG-63/U
RG-9/U RG-12/U RG-62/UJ RG-79/U
RG-58/U RG-13/U RG-T1/U RG-89/U
RG-62/UJ RG-59/U RG-111/U Flat Lead
RG-81 RG-124/U Twisted Pair Twisted Pair
RG-93 RG-140/U
RG-142B/U RG-179/U
RG-225/U 75C) Video
RG-303B/U
RG-316/U
RG-393/0
Vertebrae Helix

Obtain a known length of cable of the exact type you wish to test. Attach the
cable to the CABLE connector on the front panel.

Pull POWER on.

Turn the DIST/DIV to an appropriate setting (e.g., if trying to find the Vpofa
three~-foot cable, turn the DIST/DIV to | fudiv). ‘

Turn the <~ POSITION control until the distance reading is the same as the
known length of this cable.

Turn the Vp controls until the cursor is resting on the rising portion of the
reflected pulse. The Vp controls of the instrument are now set to the Vp of the
cable.

The following three illustrations show settings too low, too high, and correct for a
mple three-foot cable.

S&;

Figure 1-5: Vp Set at .30, Cursor Beyond Reflected Pulse (Settmg Too Low)
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T A R S

Figure 1-6; Vp Set at .99, Cursor Less Than Reflected Pulse (Setting Too High)
LAC s

g

Figure 1-7: Vp Set at .66, Cursor on Rising Edge of Reflected Pulse (Set Correctly)

Cable Test Procedure

Distance to the Fault  Be sure to read the previous paragraphs on Vp.

1. Setthe 1503C controls:

POWER On

CABLE Cable to BNC
IMPEDANCE 5002

NOISE FILTER 1 avg
DIST/DIV {see below)
Vp (per cable)
PULSE WIiDTH {per cable)

2. If you know approximately how long the cable is, set the DIST/DIV
appropriately (e.g., 20-ft cable would occupy four divisions on the LCD if 5
ft/div was used). The entire cable should be displayed.

1-12 1503C MTDR User Manual
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'
Fool

Figure 1-8: 20-ft Cableat s fdiy

If the cable length is unknown, set DIST/DIV to 3000 ft/div and continue to decrease
the setting until the reflected pulse is visible. Depending on the cable length and the
amount of pulse energy absorbed by the cable, it might be necessary to increase the
VERT SCALE to provide more gain to see the reflected pulse.

The best pulse width is dependent on the cable length. A short pulse can be
completely dissipated in a long cable. Increasing the pulse width will allow the
reflected pulse to be more visible when testing long cabies. AUTO will select the
pulse width for you, depending on the distance on the right side of the LCD.

CABLE LENGTH SUGGESTED PULSE | SUGGESTED ft/div
0 to 100 ft 2 ns 10 ft/div
51t0 500 ft 10 ns 50 ft/div
501 to 5000 ft 100 ns 500 ft/div
5001 to 50,000 ft 1000 ns 5000 fi/div

When the entire cable is displayed, you can tell if there is an open or a short.
Essentially, a drop in the pulse is a short and a rise in the pulse is an open. Less
catastrophic faults can be seen as hills and valleys in the waveform. Bends and
kinks, frays, water, and interweaving alf have distinctive signatures.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

e o.001

eJ\ e
N LR Short
Q: : N N : : B

-

3

F

Figure 1-9: Short in the Cable |
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ac S : 20.0{)1‘1‘:

QOpen

*

Figure 1-10: Open in the Cable

3. To find the distance to the fault or end of the cable, turn the < POSITION
control until the cursor rests on the leading edge of the rising or falling reflected
pulse (see Figure 1-10). Read the distance in the distance window in the upper
right corner of the display.

A more thorough inspection might be required. This example uses a longer cable:

4. When inspecting a 455-foot cable, a setting of 100 fi/div allows a relatively fast
inspection. If needed, turn VERT SCALE to increase the gain. The higher the
gain, the smaller the faults that can be detected. If noise increases, increase the
NOISE FILTER setting.

.. 4800

5. Change DIST/DIV to 20 ft/div. The entire cable can now be inspected in detail
on the LCD. Turn the <1 POSITION control so the cursor travels to the farright
side of the LCD, Keep turning and the cable will be “dragged” across the
display.

1503C MTDR User Manual
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Return Loss
Measurements
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Figure 1-12: 455-1t Cable with 20 ft/div, Cursor Off Screen

A “rise” or “fall” is a signature of an impedance mismatch (fault). A dramatic rise
in the pulse indicates and open. A dramatic lowering of the pulse indicates a short.
Variations, such as inductive and capacitive effects on the cable, will appears as
bumps and dips in the waveform. Capacitive faults appear as a lowering of the pulse
{e.g., water in the cable). Inductive faults appear as a rising of the pulse (e.g., kinks
in the cable). Whenever an abnormality is found, set the cursor at the beginning of
the fault and read the distance to the fault on the distance window of the LCD.

Return loss is another was of measuring impedance changes in a cable.
Mathematically, return loss is related to rho by the formula:

Return Loss (in dB) = -20 * log (base ten} of Absolute Value of Rho (Vi Viac)

To measure return loss with the 1503C, note the height of the ncident pulse, then
adjust the reflected pulse to be the same height that the incident pulse was and read
the dB on the LCD display. The amount of vertical scale change that was needed
is the return loss in dB.

_________________________________________

- IU O O S o) L

Loss

LT
Figure 1-13: Return Loss
A large return loss means that most of the pulse energy was lost instead of being

retarned as a reflection. The lost energy might have been sent down the cable or
absorbed by a terminator or load on the cable. A terminator matched to the cable
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Reflection Coefficient
Measuremenis

would absorb most of the pulse, so its return loss would be large. An open or short
would reflect all the energy, so its return loss would be zero.

The 1503C can be made to display in mp/div instead of dB through MENU.

:Inl

Press MENU.

Select Setup Menut.

Press MENU.

Select Verrical Scale is: Decibels.

Press MENUJ, This changes the selection to Vertical Scale is: Millivho.

A U S

Press MENU again to exit from the Setup Menu.
Press MENU again to retum to normal operation.

The reflection coefficient is a measure of the impedance change at a point in the
cable. It is the ratio of the signal reflected back from a point divided by the signal
going into that point. It is designated by the Greek letter p, and is written in this
manual as Rho. The 1503C measures reflection coefficient in millirho {thousandths
of a rho).

To measure a reflection, adjust VERT SCALE to make the reflection one division
high. Read the reflection coefficient directly off the display above the VERT
SCALE control. For reflections that are greater than 500 mp/div, adjust VERT
SCALE for a reflection that is two divisions high and multiply the VERT SCALE
reading by two.

LA ees ot

: ; ; : : : : : |
Fr : : : : : : : : : .

Figure 1-14: Reflection Adjusted to One Division in Height

In an ideal transmission system with no changes in impedance, there will be no
reflections, so rho is equal to zero. A good cable that is terminated in its
characteristic impedance is close to ideal and will appear as a tlat line on the 1503C
display.

1503C MTDR User Manual
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Effect of Cable
Attenuation on Return
Loss and Reflection
Coefficient Measurements

Using VIEW INPUT

1503C MTDR User Manual

Small impedance changes, like those from a connector, might have reflections from
10 to 100 mp. If rho is positive, it indicates an impedance higher than that of the
cable before the reflection. It will show as an upward shift or bump on the waveform,
If rho is negative, it indicates an impedance lower than that of the cable prior to the
reflection. It will show as a downward shift or dip on the waveform.

If the cable has an open or short, all the energy sent out by the 1503C will be
reflected. This 1s a reflection coefficient of rho = 1, or +1000 mp for the open and
—1600 mp for the short.

Cable attenuation influences the return loss and reflection coefficient measurements
made with the 1503C. If you desire to measure the return loss of only an impedance
mismatch, the cable attenuation, as measured with an open or short circuit on the
cable, must be subtracted from the directly measured value.

For reflection coefficient, the directly measured valoe of rho must be divided by the
value measured with an open or short circuit on the cable. These calculations can
be done manually, or the instrument can perform them by proper use of the VERT
SET REF function.

It is is not possible to measure the cable under test with an open or short, sometimes
another cable of similar type is available to use as a reference. Note that cable
attenuation is strongly influenced by signal frequency and, therefore, will be
different from one pulse width to another on the 1503C.

When pushed, the VIEW INPUT button displays the input at the front pane] CABLE
connector, When VIEW INPUT is turned off and no other buttons are pushed, the
display will not have a waveform on it (see Figure 1-15). The default condition
when the instrument is powered up is to have VIEW INPUT on.

' ac 0.00 ft
oL

"

gz . . . . . N . . B i
Foo L i Ll Ll L L il Ll L L L L a ke e e w g
Figure 1-15: Display with VIEW INPUT Turned Off
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How to Store the
Waveform

Using VIEW STORE

Using VIEW DIFF

When pushed, the STORE button puts the current waveform being displayed into
memory. If already stored, pushing STORE again will erase the stored waveform.

E | sk

Flgure 1-‘16 Dlsplay cf a Stored Waveform

The front panel control settings and the menu-accessed settings are also stored. They
are accessed under View Srored Waveform Settings in the first level of the menu.

The VIEW STORE bautton, when pushed on, displays the waveform stored in the
memory as a dotted line. if there is no waveform in memory, a message appears on
the L.CD informing you of this.

- Stored
Waveform

_____________________________________

Figure 1-17: Dispiay of a Stored Waveform and Current Waveform

When pushed on, the VIEW DIFF button displays the difference between the current
waveform and the stored waveform as a dotted line. If no waveform has been stored,
amessage will appear. The difference waveform is made by subtracting each point
in the stored waveform from each point in the current waveform.

NOTE. If the two waveforms are identical (e.g., if STORE is pushed and VIEW DIFF
is immediately pushed} the difference would be zevo, Therefore you would see the
difference waveform as a straight line,

1503C MTDR User Manual
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Figure 1-18; Display of a Stored Waveform, Cutrent Waveform,
and Difference Waveform

The VIEW DIFF waveform will move up and down with the current input as you
move the §POSITION control. Any of the waveforms may be turned on or off
independently. You might want to turn off some waveforms if the display becomes
too busy or confusing.

NOTE. Because the stored waveform is not affected by changes in the instrument
controls, care should be taken with current waveform settings or the results couid
be misleading.

One method to minimize the overlapping of the waveforms in VIEW DIFF is:

1. Move the waveform to be stored into the top half of the display.

Figure 1-19: Waveform Moved to Top Half of Display

2. Push STORE to capture the waveform. Remember, once it is stored, this
waveform cannot be moved on the display.

3. Move the current waveform (the one you want to compare against the stored
waveform) to the center of the display.
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4. Push VIEW STORE and the stored waveform will appear above the current
waveform.

Figure 1-20: Current Waveform Centered, Stored Waveform Above

8. Push VIEW DIFF and the difference waveform will appear below the current
waveform.

. . . . [

Figure 1-21: Current Waveformﬂéemﬁie},msntc;récml W_a\—re_fér_n{ Above, Difference Below

Notice the VIEW INPUT waveform is solid, VIEW DIFF is dotted, and VIEW
STORE is dot-dash.

There are many situations where the VIEW DIFF function can be useful. One
common situation is to store the waveform of a suspect cable, repair the cable, then
compare the two waveforms after the repair. During repairs, the VIEW INPUT,
VIEW DIFF, and VIEW STORE waveforms can be used to judge the effectiveness
of the repairs. The optional chart recorder can be used to make a chart of the three
waveforms to document the repair.

Another valuable use for the VIEW DIFF function is for venfying cable integrity
before and after servicing or periodic maintenance that requires moving or
disconnecting the cable.

The VIEW DIFF function is useful when you want to see any changes in the cable.
In some systems, there might be several reflections coming back from each branch
of the network. It might become necessary to disconnect branch lines from the cable

1503C MTDR User Manual
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Using Horizontal Set
Reference
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under test to determine whether a waveform represents a physical fault or is simply
an echo from one of the branches. The STORE and VIEW DIFF functiens allow you
to see and compare the network with and without branches.

Two important things to be observed when using the VIEW DIFF function:

If vou change either the VERT SCALE or DIST/DIV, vou will no longer be
comparing features that are the same distance apart or of the same magnitude
on the display. It is possible to save a feature (e.g., a connector or {ap) at one
distance down the cable and compare it to a similar feature at a different distance
by moving the I*POSITION and $POSITION controls.

When this is done, great care should be taken to make sure the vertical and
horizontal scales are identical for the two waveforms being compared. If either
the stored or current waveform is clipped at the top or bottom of the display. the
difference waveform will be affected.

HORZ SET REF (A mode) allows you to offset the distance reading. For example,
a lead-in cable to a switching network is three feet long and you desire to start the
measurement after the end of the lead-in cable. HORZ SET REF makes it simple.

-

F:

1.

L
' \\‘ End of
S 3-ft cable

. . . . E

Figure 1-22: Waveform of Three-Foot Lead-in Cable

Turn the NOISE FILTER control to HORZ SET REF. The noise readout on the
L.CD will show: set A

Turn the <PPOSITION control to set the cursor where you want to start the
distance reading. This will be the new zero reference point. For a three-foot
lead-in cable, the cursor should be set at 3.00 ft,
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g~ - - -+ move cursor to reference and Press STORE-: -

Figure 1-23: Cursor Moved to End of Three-Foot Lead-in Cable

3. Push STORE.

4. Turnthe NOISE FILTER control to 1 avg. The instrument is now in HORZ SET
REF or deltamode. The distance window should now read 0.00 ft. As the cursor
is scrolled down the cable, the distance reading will now be from the new zero
reference point.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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__________________________________________

Figure 1-24: Cursor Moved to End of Three-Foot Lead-in Cable

NOTE. Vp changes will affect where the reference is set on the cable. Be sure to set
the Vp first, then sef the delta 1o the desired location.

5. Toexit HORZ SET REF, use the following procedure:
a. Turn the NOISE FILTER control to HORZ SET REF.

b. Turn DIST/DIV to 1 ft/div. If the distance reading is extremely high, you
might want to use a higher setting initially, then tarn to 1 ft/div for the next
adjustment.

¢ Turn the <PPOSITION control until the distance window reads 0.00 L.
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JTMe. L

9:""5' move cursor to reference and Press STORE® *
- - N " - - . 1
Fi S S S S S S

Figure 1-25: Cursor Moved to 0.00 ft
d. Push STORE.
e. Turmn NOISE FILTER to desired setting.

VERT SET REF works similar to HORZ SET REF except that it sets a reference
for gain (pulse height) instead of distance. This feature aillows zeroing the dB scale
at whatever pulse height is desired.

1. Turn NOISE FILTER fully counterclockwise. “Set Ref” will appear in the noise
averaging area of the LCD.

2. Adjust the incident pulse to the desired height (e.g., four divisions). It might be
necessary to adjust SPOSITION.

T Rt S TP AU LU

9? "'é return %iLTEé to aesiréd sefting.,.. S v
Tt 3 S
Figure 1-26: Incident Pulse at Four Divisions, FILTER at Desired Setting

3. Push STORE,

4. Return NOISE FILTER o the desired seiting. Notice that the dB scale is now
set to 0.00 dB.

5, To exit VERT SET REF use the following procedure:

a. Make sure the vertical scale is in dB mode (access the Setup Menu if change
18 needed).
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d.

€.

Turn NOISE FILTER to VERT SET REFE
Adjust VERT SCALE to obtain 0.00 dB.
Push STORE.

Turn NOISE FILTER to desire filter setting.

Because dB is actually a ratio between the energy sent out and the energy reflected
back, using VERT SET REF does not affect the dB difference measured,

NOTE. Do not use Auto Pulse Widih when making measurements in VERT SET REF.
Auto Pulse Width changes the pulse width at 100, 500, and 3000 feet. If the pulse
width changes while in VERT SET REF, it could result in an erroneous reading.
Manually controlling the pulse width assures the pulse width remains the same for
both the incident and reflective pulses.

Additional Features (Menu Selected)

1-24

Max Hold

The 1503C wilil capture and store waveforms on an ongoing basis. This is useful
when the cable or wire is subjected to intermittent or periodic conditions. The 1503C
will monitor the line and display any fluctuations on the LCD.

1. Attach the cable to the 1503C front-panel CABLE connector.

L

Push MENU to access the main menu.

Scroll to Setup Menu and push MENU again.

Scroll to Acquisition Control Menu and push MENU again.

Scroll to Max Hold is: Off and push MENU again, This line will change to Max

Hold is: On. The monitoring function is now ready to activate.

6. Repeatedly push MENU until the instrument retums to normal operation.

: . . . . . . - . .

Figure 1-27: Waveform Viewed in Normal Operation
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7.

When you are ready to monitor this cable for intermittents, push STORE. The
1503C wiil now capture any changes in the cable.

T T S R F-2 (N

oo

Sy Captured

Figure 1-28: Waveform Showing Intermittent Short

To exit monitor mode, push STORE again.

To exit Max Hold, access the Acgquisition Control Menu again, tum off Max
Hold, and push MENU repeatedly until the mstrument returns to normal
operation.

This feature puts the 1503C in a “listening mode™ by turning off the pulse generator.

1.

R e

1

Attach a cable to the 1503C front-panel CABLE comnector.

Push MENU to access the Main Menu.

Scroll to Setup Menu and push MENU again.

Scroll 10 Acquisition Control Menu and push MENU again.

Scroll to Pulse is: On and push MENU again. This will change to Pulse is: Off.

JRE It T  UO F )

:

.
N . f

(Ei N -
i

Figure 1-29: Waveform Display with No Outgoing Pulses

6.

Repeatedly press MENU until the instrument retarns to normal operation.
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Single Sweep

This feature allows the 1503C to act much like a non-triggered oscilloscope. In this
mode, the 1503C is acting as a detector only. Any pulses detected will not originate
from the instrument, so any distance readings will be invalid. If you are listening
to a local area network, for example, it is possible to detect iraffic, but not possible
to measure the distance to its origin.

Pulse is: Off can be used in conjunction with Max Hold is: On.

7. Toexit Pulse is: Off, access the Acquisition Control Menu again, turn the pulse
back on, then repeatedly push MENU until the instrument returns to normal
operation.

The single sweep function will acquire one waveform only and display it.
1. Attach a cable to the 1503C front-panel CABLE comnector.

Push MENU 1o access the Main Menu.

Scroll to Setup Menu and push MENU again.

Scroll to Acquisition Control Menu and push MENU again.

U

Scroll to Single Sweep is: Off and push MENU again. This will change to Single
Sweep is: On.

6. Repeatedly press MENU until the instrument returns to normal operation.

7. When you are ready to begin a sweep, push VIEW INPUT. A sweep will also
be initiated when you change any of the front-panel controls. This allows you
to observe front panel changes without exiting the Single Sweep mode.

As in normal operation, averaged waveforms will take longer to acquire.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 1-30: A Captured Single Sweep

8. To exit Single Sweep is: On, access the Acquisition Control Menu again, tum
the Single Sweep back off, then repeatedly push MENU until the instrument
retumms to normal operation.
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This chapter will show, step by step, the features and uses of the 1503C.

What is the Tektronix 1503C?

How Does It Do 1t?

You, the Operator

Menus and Help

1503C MTDR User Manual

The Tektronix 1503C Metallic Time-Domain Reflectometer is a long range metallic
cable tester capable of finding faults in metal cable, Tests can be made on coaxial
cable, twisted pair, or parallel cable.

The 1503C sends an electrical pulse down the cable and receives reflections back
made by any discontinuities. This i1s known as time-domain refleciometry. The
1503C is sensitive to impedance changes. Problems in the cable will be detected and
displayed as changes in impedance along the cable. These will be displayed as hills
and valleys in the reflected pulse. The 1503C is capable of finding shorts, opens,
defects in the shield, foreign substances in the cable (e.g., water), kinks, and more.
Even though other instruments might show a cable as good, the 1503C can show
many previously hidden faults.

The 1503C is a highly accurate cable tester. It is easy to use and will provide fast,
accurate measurements. Because of electrical and environmental differences in
cables and their applications, each waveform will likely differ. The best way to learn
these differences is experience with the instrument. You are the 1503C’s most
important feature.

Experiment with different cables in known conditions and see how they compare.
Subject cables to situations you might find in your application and learn the effects.
We have included some examptles of cable faults in this manual to help you gain
familiarity. With practice, you wiil quickly become familiar with even the most
subtle differences in waveforms.

The 1503C is equipped with various help screens. Simply press MENU for
assistance. The instrument will prompt you, More information on MENU is located
in the Operating Instructions chapter of this manual.
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Getting Started

2-2

Let’s start by inspecting a cable, For the next few examples, we will use the 93Q
10-foot precision test cable provided with the 1503C (Tektronix part number
012-1351-00).

1. Pull on the POWER switch. The instrument will initialize, give instructions for
accessing the menu, and eater normal operation mode.

2, Set the 1503C front-panel controls to:

CABLE Attach 10-ft cable
IMPEDANCE 9302

NOISE FILTER Tavg

VERT SCALE 0.00 dB (default)

DIST/DIV i ft/div (.25 m if using metric)
Vp 84

PULSE WIDTH 2 ns

NOTE. Vp (velocity of propagation) of the test cable is important for making
accurate distance measurements. If you do not know the Vp factor of a cable,
distance readings will be divectly affected. You can get a general idea from the table
on page 1-10 or find the Vp with a sample piece of cable using the procedure on
page 1-10, or use the Cable Information Menu. If it is impossible to obtain the Vp
of the cable, the instrument will still show cable faults, but the distance readings
might be erroneous. The test cable used in this ntorial has a Vp of .84,

VERT SCALE will already be set to 0.00 dB (default). The cursor will be near the
leading edge of the incident pulse (at the point on the waveform representing the
front panel). Other information displayed includes the type of power used (ac or bat)
and the distance window in the upper right corner of the LCD displays the distance
from the front panel to the cursor (0.00 ft in this case). This data will be displayed
when the instrument is turned on. Switch status and other instrument functions are
also displayed (see Figure 1-4 on page 1-5 for descriptions).
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The pulse on the left is the test pulse (incident pulse) leaving the instrument, The
reflected pulse on the right displays the echo coming back. Turn the
<EPOSITION control clockwise until the cursor rests on the rising edge of the
reflected pulse.

Incident
Pulse

Refiected
Pulse

Fugure 2»2 Cursor of stmg Edge of Reﬂected Pulse

The upper right corner should read 10.00 ft. Note that the reflected pulse rises.
This is the classic signature of an open cable, a point of higher impedance.

Adjust the VERT SCALE control. This will increase the height of the pulse. For
accurate measurements, the pulse should occupy most of the display. Note that
the LCD shows the VERT SCALE setting in dB. For now, set this control to 7
dB.

10.001 |

Open

F|gure 2,,3 Waveform wuth VERT SCALE Increased Showmg
an Open

5. The SPOSITION control moves the waveform up and down the display. Adjust

this for best viewing.

Short the end of the cable with an electrical clip or other suitable device. See the
pulse take a dive? That is the classic signature of a short, a point of lower
impedance.

2~3



Operator Tutorial

Fu o

Figu}é 2-4; W:'sl\}e—for.n{ W|th ék;ort

The distance window still reads 10.00 ft. If the short is not directly across the
conductors of the BNC (e.g., needle nose pliers) the downward edge of the
waveform might be slightly past the cursor, indicating the length of the shorting
device (e.g.. jumper wire).

7. Remove the short.

With a little practice, you will be able to identify many kinds of cable faults.

The Waveform Up Close

2-4

It helps to know what makes up a pulse. Here is the waveform anatomy using the
930} 10-foot test cable as an example:

1. Turn the S®POSITION control counterclockwise until the distance window
reads —2.00 ft. The cursor will be on the far left side of the display and the
reflected pulse will be near center.

ol

Figure 2-5: 10-foot Cable with Cursor at Far Left
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Set the 1503C front-panel controls:

CABLE [O-ft test cable, no short
IMPEDANCE 9302

NOISE FILTER 1 avg

VERT SCALE (.00 dB

DIST/DIV 11t (0.25 m)

Vp 84

PULSE WIDTH 2 ns

The first (left) pulse is the incident pulse, as sent from the pulse generator (see
Figure 2-2). The second bump is the reflected pulse, as it bounces back from
the end of the cable. The reflected pulse and the time between pulses provides
the information needed for calculating the distance between faults or the end of
the cable.

Adjust the “POSITION control so the cursor is at the beginning of the rise of
the incident pulse, Note the distance window reads approximately —0.40 ft. This
is the distance from the front panel BNC connector to the pulse generator circuit
board inside the instrument {(where the test pulse in generated).

Flgure 2—6 10-foot Cable with Cursor at lnc:dent Pulse

5.

Adjust the VERT SCALE control to approximately 25 dB. Adjust the
SPOSITION control to keep the middle portion of the pulse on the display. The
bumps following the incident pulse are the aberrations from the internal
circuitry and reflections between the open end of the cable and the front panel.

Fzgure 2-7 10-foot Cabie with Cursor at incldent Pulse, Vertical Scale at 25 dB

2~5
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A Longer Cable

2-6

Longer cables might not fitin the display. Let’s demonstrate that with a longer cable.

Obtain a known length of cable, preferably 502 For this example, we are using a
coaxial cable approximately 455 feet long. Your cable length will probably differ,
but the following test procedure remains fundamentally correct for any cable length
up to 50,000 feet.

1. Set the 1503C front-panel controls:

CABLE available longer cable
IMPEDANCE 50Q

NOISE FILTER | avg

VERT SCALE 10dB

DIST/DIV 100 ft (25 m)

Vp appropriate setting for your cable
PULSE WIDTH Auto (clockwise)

2. With these settings, we can view the entire cable. By placing the cursor at the
rise of the reflected pulse, we can see this particular cable is 436.00 fi,

... ase.0ott
.

Figure 2-8: Cursor on End of Longer Cable

3. By decreasing the DIST/DIV control, the cable can be more closely inspected
at the point of the cursor. Decrease the DIST/DIV to 10 ft/div. This has expanded
the cable across the display.

4, Turn the “PPOSITION control counterclockwise. Note that the distance
window changes as you scroll down the cable. In reality, you are electrically
inspecting the cable, foot by foot.

1503C MTDR User Manual
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B see st

Cursor

Cable Scroiling
In this direction

NOTE. When testing a long cable, it is helpful 1o set DIST/DIV to a higher setting
when scrolling to either end of the cable. For example, if testing a 5,000-ft cable,
it would be very tiring to scroll the entire length from end to end at 1 fi/div.

5. Turn the <*POSITION control to return the cursor to the rise of the reflected
pulse.

0. Increase DIST/DIV 1o 100 ft/div.

7. SetPULSE WIDTH to 2 ns. Notice that the pulse has nearly disappeared. Nearly
afl of the electrical energy set through the cable is absorbed.

jac oG on o 4600t

T

L Ll D Ca ol i e et . . SN |

Figure 2-10: Pulse Width at 2 ns

8. Set PULSE WIDTH to 10 ns. The pulse height increases because there is more
energy being sent through the cable.
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2-8

oac o n o 4BB.00H

FIQU!’E 2—11 Pulse Wldih at 1 0 ns

9. Set PULSE WIDTH to 100 ns. Now the pulse is even larger and quite easy to
see.

ac : : : : . 456.00%t !

Flgure 2-12 Pulse Wldth at ‘!00 ns

10, Set PULSE WIDTH to 1000 ns. The pulse is now longer than the example cable.
This would be a good pulse for a very long cable

. leenott

=y . . .

R a1~

Fzgure 2«13 Puise W:cith at 1000 ns, Longer than the Cabie Being Tested

When the PULSE WIDTH control is set to Auto, the instrument automatically sets
the pulse width in relation to the distance on the right side of the display. The
following table shows the relationship between the distance on the display and the
Auto pulse width.

1503C MTDR User Manual
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Noise
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CABLE LENGTH SUGGESTED PULSE SUGGESTED ft/div
0 to 100 ft 2 ns 10 fi/div
5110 300 ft 10 ns 50 ft/div
501 to 5000 ft 100 ns 500 fe/div
50061 to 50,000 ft 1000 ns 5000 fi/div

On a longer cable, “grass” might appear on the displayed waveform. This is
primarily caused by the cable acting as an antenna, picking up nearby electrical
noise.

1. Set the 1503C front-panel controls:

CABLE 10-t cable
IMPEDANCE 9302

NOISE FILTER | avg
VERT SCALE 0.00 dB
DIST/DIV | £t (0.25 m)
Vp 84

PULSE WIDTH 2ns
<BPOSITION 50.0 fi

2. Attach the 502 terminator to the end of the test cable using the female-to-fernale
BNC adaptor (both of these items are supplied with the instrument).

3. Increase VERT SCALE to 50 dB. Use the SPOSITION control to keep the

waveform on the display. As the VERT SCALE setting increases, there will be
noise in the form of a moving, fuzz-like waveform with a few random spikes.

jac o ... Boooft

4. Turn the NOISE FILTER control clockwise to 8. This will average out much
of the noise.
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2-10

T

Figure 2-15: Noise Reduced.

5000 ft

5. Increase the NOISE FILTER setting to 128.

NOTE. The higher the serting, the more
waveforin.

time the instrument takes to average the

50.00% |

Figure 2-16: Noise Reduced to Minimum

6. Move the SPOSITION control and notice how averaging restarts at a low value

to allow easy positioning.

The 5002 terminator was used here because it gives a good impedance match.
Because there are no large discontinuities, it appears to the instrument as an endless
cable. The noise seen in this demonstration is noise picked up on the cable and a tiny

amount of internal noise in the 1503C.

extremely effective in reducing noise.

When testing cables, the noise filter is

1503C MTDR User Manual
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Set Ref (A Mode)

HORZ SET REF
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Horizontal Set Reference establishes the starting point at which the distance window
begins reading the distance to the cursor. If, for example, you have a 10-foot cable
feading to a patch panel, you could eliminate this jumper from your distance
readings.

1. Set the 1503C front-panel controls to:

CABLE Attach 10-ft cable
IMPEDANCE 930

NOISE FILTER 1 avg

VERT SCALE (.60 dB (default)
DIST/DIV 1 ft/div (0.25 m)
PULSE WIDTH 2 ns (no termnator)

NOTE. If the POWER was left on from the previous step, return the distance window
reading to 0.00 ft with the 9% POSITION control,

(e: “* ! move cursor to reference and Press STORE *
S I S O S N S

Figure 2-17: Incident and Reflected Pulses with Cursor at 0.00 fi

2. Tum the NOISE FILTER control counterclockwise to HORZ SET REF. The
noise filter reading on the LCD will indicate set A,

3. Adjust the <= POSITION control so the cursor is on the rising edge of the
reflected pulse. In this case, the distance window should read 10.0 ft.

2-11
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2-12

VERT SET REF

Cac i+ 1 i T 71000k

o Esy

D

E: <. roreturn FIL'EER to desired setting P IR

Flgure 2-18 Incsdent and Reﬂected Pu!ses with Cursor at 10 0 ft

4. Press STORE.

5. Tumn the NOISE FILTER control to I avg. Note that the distance window now
reads 0.00 ftA. This means that everything from the front panel BNC to the end
of the cable is subtracted from the distance calculations. You have set zero at the
far end of the test cable.

Flgure 2--19 New Zerc Set atEnd of Test Cable

6. To change the HORZ SET REF peosition, turn the NOISE FILTER back to
HORZ SET REF and repeat the above procedure with a new cursor location.

7. To exit HORZ SET REF, do the following:

a. Set the 9 POSITION control to exactly 0.00 ft (you might have to set
DIST/DIV to 1 ft/div).

b. Push STORE.
c¢. Tuorn the NOISE FILTER control to the desired noise setting.

This control is nearly the same as HORZ SET REF except it sets the vertical zero
reference. It would be helpful to read the section of VERT SET REF in the Operation
Instructions chapter to give you some technical background.
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The VERT SET REF function allows manual control of the vertical calibration of
the 1503C. This can be used to compensate for cable loss or to increase the
resolution of the return loss measurements. The following example shows how to
compensate for cable loss.

The reflection from an open or a short at the far end of along cable is often less than
two divisions high at 0.00 dB. This is because of the energy lost in the cable before
it gets to that fault. Here is how to correct for this loss and be able to make accurate
measurements at the far end of the cable.

1. Connect the test cable.

2. Turn the NOISE FILTER all the way counterclockwise to VERT SET REE A
prompt will appear and the LCD will indicate set ref.

__________________________________________

JAmo o m

g“ “ ! set vertical scale and Press STORE RIS

| .
Lo

Figure 2-20: Display with 10-ft Cable and NOISE FILTER turned to VERT SET REF

3. Adjust the VERT SCALE control until the reflection from the open is two
divisions high.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

?: set vertical scale and Press STORE =~ 'i* '
Fi : : )

Figure 2-21: VERTSCALEad;usted to lillaiie_ﬁuls;e_'i'—w_o_[)_i\;isions High

4. Push STORE and return NOISE FILTER to the desired setting.

2-13
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VIEW INPUT

2-14

2.

FI . . . . . . .

9'- ©+ v return FILTER to desired setting ...« ir-
Foo.u L S S S

Figure 2-22: Filter Returned to Desired Setting

The vertical scale now reads 0.00 dB.

Return-loss measurements at the far end of the cable can now be made using normal
methods. To make measurements closer or farther from the instrument requires that
vou reset the VERT SET REF.

5. To change the VERT SET REF, turn the noise filter back to VERT SET REF
and repeat the preceding procedure.

6. If you wish to totally exit VERT SET REF, do the following:
a. Tum NOISE FILTER to VERT SET REF.
b. Turn VERT SCALE for a display reading of 0.00 dB {or 300 mp).
¢. Push STORE.
d. Return the NOISE FILTER control to the desired setting.

This push button allows you to view what is coming in the CABLE connecter, or
to eluminate it from the display.

1. Set the 1503C front-panel controls to:

CABLE Attach 10-ft cable
IMPEDANCE 9302

NOISE FILTER lavg

VERT SCALE 0.00 dB
DIST/DIV 1 ft/div (0.25 m)
PULSE WIDTH 2 ns

2. Press VIEW INPUT. The indicator block on the LCD should read OFF and the
waveform should disappear from the display.
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Figure 2—23 Dzsplay with VIEW INPUT Turned Off

3. Press VIEW INPUT again. The indicator block will reappear and the waveform

should be displayed again.

B E E : :

L 000R

Flgure 2-24 Dlspan wuth ViEw |NPUT TurnecE On

This function can be used to make the display less busy when viewing stored

waveforms.

STORE and VIEW STORE

1503C MTDR User Manual

These functions allow you to store a waveform and view the stored waveform.

1. Set the 1503C front-panel controls to:

CABLE
IMPEDANCE
NOISE FILTER
VERT SCALE
DIST/DIV
PULSE WIDTH

Attach 10-ft cable
930

Iavg

0.00dB

1 ft/div (0.25 m)
2 ns

2-15
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2. Make sure you have a waveform on the LCD, then adjust the SPOSITION
control to place the waveform in the upper section of the display.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Flgure 2-25; Waveform Moved o Upper Portion of the Display

3. Press STORE. The indicator block should become highlighted (black) and read
ON. The waveform is now stored in non-volatile memory in the mstrument.

4. Turn the POWER off for a few seconds, then turn it back on. Note that the
STORE indicator block is ON, showing that there is a waveform in memory.

5. Short the connector at the far end of the test cable. The reflected pulse will invert
from the previous open position. Adjust the SPOSITION control to place the

waveform in the middle portion of the LCD.

______________________________________

Flgure 2—26 Waveform wzth Cable Shorted

6. Press VIEW STORE to view the stored waveform. What you see on the display
is the waveform you stored previously with the open cable and the current
waveform with the shorted cable.
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Figure 2-27 Waveform wrth Both Current and Stored Waveforms
Comparing new cables with old cables, or repaired cables with damaged cables is
¢asy using these two pushbuttons.

Leave the instrument in this condition for the next lesson.

VIEW DIFF

Press VIEW DIFF This adds a waveform in the lower portion of the display that is
the mathematical difference between the stored waveform and the current
waveform.

—’f:f:f.f::?::::E::::i:f“ww':'"':""é

Figure 2-28 Stared Current and Dlﬂerence Waveforms

NOTE. There must be a waveform stored before it can be compared by the VIEW
DIFF function. Pressing this button with no waveform in storage will caused an
error message to be displayed.

If the stored waveform and the current waveform are identical, the difference
waveform will appear as a straight line.

1503C MTDR User Manual 2-17
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Menu-Accessed Functions

NOTE. If you get lost or confused while in amenu, repeatedly press the MENU button
until the instrument returns to normal operation mode.

Max Hold

1. Set the 1503C front-panel controls to:
CABLE Attach 10-ft cable
IMPEDANCE 930
NOISE FILTER Iavg
VERT SCALE 0.00 dB (default)
DIST/DIV 1 ft/div (0.25 m)
Vp B4
PULSE WIDTH 2 ns
Pull POWER on.

Press MENU to access the Main Menu.

Using the 8POSITION control, scroll down to Setup Menu.
Press MENU to accept this selection.

Scroll down to Acquisition Control Menu.

Press MENU to accept this selection.

Scroll down to Max Hold is: Off.

T »® X2 N kWb

Press MENU to toggle this selection. It should now read Max Hold is: On. The
Max Hold function is now ready.

10. Read the instructions on the display and press MENU again.
11. Press MENU again to exit the Acquisition Control Menu.
12. Press MENU again to exit the Setup Menu.

13. Press MENU again te enter normal operations mode. Note that the VIEW
STORE and VIEW DIFF indicator blocks have disappeared. This tells you that
both of these functions have been disabled.
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Figure 2-29: Display with VIEW STORE and VIEW DIFF Disabled.
14. Press STORE. This activates the Max Hold function. Notice that the STORE
indicator block has darkened.

15, With a clip lead or other device, short the far end of the test cable, then remove
the short. Note that both conditions now appear on the display.

______________________________________

16. Turn the %POSITIO'N control counterclockwise. THe waveform will strobe
down the display, leaving traces of its movement,

- N Xk

. =R

= ) 3

Figure 2-31: Waveform Strobed Down Display in Max Hold
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Pulse On/ Off

17.

Press STORE. The display will clear, awaiting STORE to be pressed again,
which would activate another Max Hold monitor cycle.

You can probably see how this function is useful for monitoring lines for changes
over a period of time, or for intermittent conditions. For example:

18.

e AT B

10.

A coastal phone line only has problems during high tide. Overnight monitoring
reveals water in the line during the high tide period.

A data communications line is monitored for an intermittent short. Three days
of monitoring reveals the shorts occur only during the hours of darkness.
Rodents are found in the cable ducts.

A cable becomes defective only during daytime hours. Monitoring reveals the
Hine length increases (sags) during the heat of the day, shorting out on a tree limb.
During the night, the cable cools, tightens, and is no longer shorted on the tree
limb.

To exit Max Hold, access the Acquisition Control Menu again, turn off Max
Hold, and push MENU repeatedly until the instrument returns to normal
operation,

Set the 1503C front-panel controls to:

CABLE Attach 10-ft cable
IMPEDANCE 9302

NOISE FILTER l avg

VERT SCALE 0.00 dB (default)
DIST/DIV I ft/div (0.25 m)
Vp .84

PULSE WIDTH 2 ns

Pull POWER on.

Press MENU to access the Main Menu.

Using the SPOSITION control, scroll down to Setup Menu.

Press MENU to accept this selection.

Scroll down to Acquisition Control Menu.

Press MENU to accept this selection.

Scroll down to Pulse is: On.

Press MENU to toggle this selection. It should now read Pulse is: Off.

Press MENU repeatedly until the instrument returns to normal operation.

1503C MTDR User Manual
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Single Sweep

1503C MTDR User Manual

F:

Figure 2-32: Display with Pulse Turned Off

Note that there is no pulse visible on the display. The 1503C is now functioning as
a listening device, much like a non-triggered oscilloscope. Uses include monitoring

the cabie for pulses.

11. To tumn the pulse back on, enter the Acguisition Control Menu again, scroll to
Pulse is: Off and press MENU to turn the pulse back on. Repeatedly press
MENU until the instrument returns to normal operation.

Set the 1503C front-panel controls to:

CABLE
IMPEDANCE
NOISE FILTER
VERT SCALE
DIST/DIV

Vp

PULSE WIDTH

I A A

[y
ol

Pull POWER on.

Attach 10-ft cable
930

1 avg

0.00 dB (default)
1 ft/div {0.25 m)
.84

2 ns

Press MENU to access the Main Menu.

Using the %POSETION control, scroll down to Serup Menu.
Press MENU to accept this selection.

Scrolt down to Acquisition Control Menu.

Press MENU to accept this selection.

Scroll down to Single Sweep is: Off.

waveform on the display is the familiar test cable,

Press MENU to toggle this selection. It should now read Single Sweep is: On.

. Press MENU repeatedly until the instrument returns to normal operation. The
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____________________________________________

Figure 2-33: Test Cable

11. Short the far end of the test cable.

12. Press VIEW INPUT. The 1503C has done a single sweep, capturing just one
frame.

T R T S S 1)

Figure 2-34: Shorted Test Cable with a Captured Single Sweep
13. Remove the short and notice that the waveform does not change.

14. Press VIEW INPUT again and a new sweep will be made and displayed,
showing the change in the cable.

Single Sweep is useful for snap-shot tests of the cable, capturing only one
waveform.

15. To exit Single Sweep, access the Acquisition Control Menu again, toggle the
Single Sweep is: line back to Off, then push the MENU button repeatedly until
the instrument returns to normal operations.
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TDR Questions and Answers
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Q1:
Al:
Q2
A2:

Q3:
A3;

Q4:
Ad:

Qs:
AS:

Qe6:
Ab:

Q7.

AT:

Q8:
AS8:

What does TDR stand for?
Time-Domain Reflectometer.
What is the difference between time domain and frequency domain?

Within the time domain, things are expressed in units of time (e.g.,
nanoseconds). In frequency domain, things are expressed i frequency,
cycles per second (e.g., kiloHer{z).

What does a TDR actually measure?
Voltage over time.
How does a TDR display this information?

Voltage on the vertical axis (as amplitude of the waveform) and time on the
horizontal axis (as distance to the event).

Does electricity travel the same speed (velocity) in all materials?

No. Electricity is like light; its velocity is affected by the material through
which it passes.

What is that difference called?

The relative velocity of propagation (Vp). The velocity of the cable is
expressed in time/distance {e.g., feet per nanosecond}. The velocity of
electricity traveling in a vacuum is compared to the velocity of electricity
traveling in a cable. This relationship is shown as a decimal nsumber. A
relative propagation velocity of .50 would mean the electricity will travel at
509%, or one-half, as fast as it would in a vacuum.

If a reflection takes 30 nanoseconds to return in a cable with a Vp of .66, how
far away is the point on the cable that caused thee reflection?

The one-way time would be 30 divided by 2, or 15 nanoseconds. The velocity
of I ns/ft in a vacuum would mean a distance of 15 feet. Because the cable
is slower, we multiply the distance by the Vp (.66 in this case) and arrive at
a distance of 10 feet. Of course, the 1503C does all this automatically and
displays the information on the LCD.

What is resistance ?

Resistance is the opposition to DC current flow, or DC voltage divided by DC
current.
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Q0
A9:

Q10:
Al

Ql1L:
All:

Q12:
Al2:

Q13:
Ald:

What is impedance?

Impedance is the total opposition (resistance plus reactance) a circuit offers
to the flow of alternating current at a given frequency.

What factors determine the resistance of a cable?

The cross sectional area (gauge), length, and the type of material the
conduetor is made of (usually copper).

What factors determine the impedance of a cable?

Diglectric value of the insulation and geometry of the conduactors,

Why should cables of the same impedance be used?

Because a mismatch of impedance means a loss of energy at the mismatch,
Why is that important to us?

Because a TDR displays the energy reflected back from an impedance
mismatch.
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The following options are available for the 1503C MTDR:

Option 03: Battery Pack

Option 03 instruments come equipped with a rechargeable lead-gel battery.

NOTE. The battery pack in the 1503C is inside the instrument case with no external
access. Refer removal and replacement to qualified service personnel. See 1503C
Service Manual for instructions.

Option 04: YT-1 Chart Recorder

Option 04 instruments come equipped with a chart printer, Refer to the Y7-1/YT-1§
Chart Recorder Instruction Manual that comes with this option for instructions on
operation, paper replacement, and maintenance.

Option 05: Metric Default

Option 06: Ethernet®

What is Ethernet?

1503C MTDR User Manual

Option 05 instruments will power up in the metric measurements mode. Standard
measurements may be selected from the menu, but metric will be the default.

Option 06 instruments include circuitry that allows the 1503C to test an Ethernet
bus using time-demain reflectometry with minimum disruption to the IEEE 802.3
protocol.

Ethernet was invented by the Xerox Corporation in 1973 to allow various data
devices to use a common communications bus. In an Ethernet system, signals flow
in all directions and the transceivers attached to the FEthernet receive all
LEENSMISSIONS.

Ethernet cable is typically 50 Ohms with 50-Ohm terminators at each end to
prevent signal reflections. Reflections can interfere with transmissions sent out by
the system.
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ThinWire, Cheapernet, and Thin Ethernet are variations of Ethernet. These are
usually used as a branch of the main network with a limited number of stations. They
use a more flexible cable and are usually connected to each Media Access Unit
(MAU) with a T-connector instead of a tap.

Segments are the smaller sub-networks in an Ethernet system. Each segment can
be up to 500 meters long and have up to 100 transceiver taps. Each tap must have
at least 2.5 meters of cable between itself and the next tap.

Transceivers transmit data to and from the stations on the Ethernet bus. The typical
Ethernet data rate is 10 million bits per second, At each tap is a transceiver (MAU)
sending and receiving this data. They also provide electrical isolation between the
coaxial cable and the station as well as housing the electronics that detect carrier
signals and recognize the collision of two signals.

Taps are what the transceivers are attached to.

A bridge connects several network segments. Depending on the hardware used
(e.g., fiber optics}, a network might extend up to 22.000 meters.

Repeaters are used to increase the effective length of a cable to allow more
transceivers, Due to distance limitations, two transceivers can have a maximum of
two repeaters between them.

Servers let a network share resources, such as termmnals, disks, printers, etc.

The 1503C with Option 06 allows testing of an Ethernet bus while the network is
active. This is important because some instaliations might be interactive with other
installations that are dependent on the Ethernet. Physically, Option 06 is a
piggyback circuit board attached to the Sampler/Pulser board in the 1503C. A
special EPROM replaces the standard EPROM on the main board, allowing Option
06 to be transparent to the standard instrument, but accessible through the Ethernet
Menu and the Setup/Acquisition Menu.

Option 06 performs three functions:
® 2 50Q terminator for the network
B Generates a DC signal that emulates the —1.05 VDC carrier signal

®  Generates a DC signal that emulates the —1.7 VDC collision signal.

1503C MTDR User Manual
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Figure 3-1: A Typical Ethernet System

Test Procedures fora  Before Starting, here are some things you should know to make Ethernet tests easier:
Working Network . . .
g You need Option 06 for testing an active network.
m  Make measurements from the end of a segment.

B If possible, isolate the segment you plan to test.
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introduction

® Use the shortest pulse width possible.

® Do not use Auto pulse width mode. If it selects the 100 ns or 1000 ns pulse, it
might disrupt traffic on working networks.

®  Use the simplest possible test first.
®  Operate the 1503C on AC power when using the option chart printer.

®  Changes made in the menus do not take effect until the instrument is returned
to normal operation. This prevents erroneous menu selections from creating
disruptions.

8 Have the network documentation ready. If available, have prior TDR profiles
of the network that you will be comparing.

m  If possible, turn off repeaters and bridges to other networks to minimize the
extent of a possible disruption the 1503C might cause.

m If you vse a jumper cable, make sure that it matches the network cable
impedance. The three-foot jumper furnished with the instrument is 502

The IEEE 802.3 standard recommends only one earth ground per segment. When
connected to AC power, the 1503C provides an earth ground to the coaxial shield.
There is no connection to ground when the 1503C is used with the optional battery
pack and the AC power cord is disconnected.

The first test usually run on an active npetwork is the normal sweep with the 2 ns or
10 ns pulse and the DC 5002 termination is: On from the Ethernet Menu. This test
provides basic TDR tests with a S0Q termunation for the net. If the network traftic
is low (3 to 4%, this test is very effective. The 2 ns and 10 ns pulses are narrower
than the time occupied by a single bit and usually will not cause any collisions. All
other tests in the Ethernet Menu have potentially destructive effects on working
networks.

CAUTION. The test just described should find most problems. Before going any
further, know what you are doing. Carrier and collision tests have the potential of
causing problems on an active network. Read the warnings and instructions
carefully. Try to limit tests to one segment during times of low traffic.

The second test is the Singile Sweep with Carrier is: Off/On. This test asserts the
carrier signal of —1.05 V, then single-sweeps the network and drops the carrier
signal. The test occupies the network for one to 20 seconds, depending on the
NOISE FILTER setting.

The third test, Carrier Test is: Off/On, helps track down transceivers suspected if
ignoring the carrier sense signal. This test holds the carrier signal of —1.05 V, turns
off the pulse, and turns on MAX HOLD. The 1503C then acts as a tratfic monitor.
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If spikes appear on the display, it is likely a transceiver is not responding to the
carrier signal and is “babbling.”

Basic Test Procedure  The following procedure describes the fundamental tests with 500 DC termination
is: On. When performing other Ethernet tests, use essentially the same procedure.
A full description of individual tests, including custom tests, follows:

If you wish to disconnect and reconnect the 1503C to the cable segment, use a BNC
T-connector between the instrument and a 50Q) jumper cable (e.g., RG-58U7). To one
side of the T-connector, connect a 302 terminator (the doubie termination is about
a 250 mismatch — much less likely to cause problems than an open circuit), The
terminator can be removed during testing, allowing the 1503C to become the 50Q
load. When removing the [503C (or there is a power failure), the terminator should
be reconnected, restoring the normal 50Q load for the network. The BNC
T-connector also allows another point of access for an oscilloscope if you need to
ook for signal quality or noise levels.

Once the 1503C 50Q) termination has been turned on, tests are similar to standard
measurements on an coaxial 50Q cable. Remember to use only the 2 ns or 10 ns
pulse widths. However, the waveforms might be a little different, due to traffic on
the network.

Following are suggestions on how to set up test fixtures that will provide flexibility
and provide network safety in case of power interruptions to the 1503C.

During Testing

Ethemat ﬁ Before Testmg Ethernet

et af
Yt as - Male type N

To 1503C
Front Panel

To 1503C 50 £ terminator
Front Panel 'v

Figure 3-2: N-Type Male T-Connector
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Before Testing During Testing

A

3

§
To 1503C [
Front Panel |

To 1503C
Front Pane!

Female to Female
-— BNC to BNC

Female to Female
~of-— BNC to BNC

Female type N

50 Q terminator ] Femeﬁ? type N 50 Q terminator

Ethernet
7,.

Figure 3~3: N-Type Female T-Connector

1. Before removing the Ethernet cable terminator, make sure you have the correct
adapters and cables ready.

2. Set the 1503C front-panel controls:

CABLE see below

IMPEDANCE 500

NOISE FILTER 1 avg

VERT SCALE see below

DIST/DIV appropriate setting for cable length
PULSE WIDTH 2nsor l0ns *

Vp to cable specifications

POWER ON (see below)

CAUTION. * DO NOT use the Auto pulse width mode. The longer pulses will cause
! problems on working networks.

3. Request the system administrator to notify network users of possible
disruptions.

Using the POSITION control, access the Ethernet Menus.

Scroll to 500 DC Termination is: Off and turn it On.

Return to normal operation.

s R

As previously described, connect one end of a 500 jumper cable to the front-
panel CABLE connector, then connect the other end to one side of the BNC
T-connector (see Figures 42 and 4-3),
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Descriptions of Test in the
Ethernet Menu

/N

8. Connect the Ethernet cable to the BNC T-connector.
9, Remove the 50} terminator.

At this point, you are testing on an active network,

-

CAUTION. The 5002 termination of the 1503C is not maintained with the power off.
In case of power failure, immediately replace the 500 terminator on the BNC
T-connector.

10. With the NOISE FILTER set at | avg, traffic will appear as large random noise
spikes. If the traffic is severe enough to make measurements difficult, increase
the NOISE FILTER setting.

NOTE. The traffic on the display has no relationship 1o where it came from on the
cable. In fact, traffic can appear on the display beyond the end of the cable.

11. A VERT SCALE setting of 30 dB will normally allow you to see normal taps
at the pear end of a network. Greater distances might require more gain,
depending on the loss of the cable and the pulse width.

The following tests are composed of several functions found in the Acquisition
Control Menu. These combinations are displayed in the Etherner Menu as a user
convenience, Most of the tests in the Ethernet Menu can be recreated or modified.
That 1s explained at the end of this section.

Changes made in the Ethernet Menu will affect some of the Serup Menu and
Acquisition Control Menu functions. For example, if Carrier Test is: Off/On 1s
turned on, the 5002 termination will also be turned on because it is necessary for the
carrier test to work.

500 DC Termination is: Off/On

CAUTION. This must be on when testing on a working network or reflections will
cause collisions on the nefwork.

VAN
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This entry is a duplicate of the entry in the Setup Menu/Acquisition Control Menu.
Its function is to allow direct control of the termination inside the 1503C. With the
50Q2 DC termination on, the 1503C will function normally as a cable tester. This is
usually the only test needed to check a network cable.

CAUTION. The 100 ns and 1000 ns pulses might cause collisions.
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Longer pulses are more likely to generate collisions than shorter pulses. On
networks with traffic less than 3 to 4%, a 2 ns pulse causes no measurable change
in network statistics. Even on heavily tapped cables, the 2 ns pulse can usually be
used for distances to 700 feet. The 10 ns pulse should be suitable for those longer
segments that still fall within the 802.3 specifications (under 500 meters).

Single Sweep with Carrier is: Off/On

CAUTION. This can interrupt prior traffic and cause lute collisions. It can also
disrupt devices or applications that requive periodic network traffic.

When this test is selected, the 1503C will assert a—1.05 VDC signal on the net long
enough to take a single waveform at the NOISE FILTER level selected. This is the
equivalent to the average voltage level of a normal transmission and should cause
the transcetvers to assert Carrier Detect. This has the effect of causing most devices
on the net to defer transmission until the 1503C is finished. This takes from about
one to 20 seconds, depending on noise averaging, and reduces the traffic displayed
on the waveform.

NOTE. Movement of any control that would change or move the waveform will start
anew sweep and assert the —1.05 VDC. For example, if you use the vertical position
control continuously for 20 seconds, you would be asserting the false traffic for that
duration and you are likely to disrupt the network.

Carrier Test is: Off/On

CAUTION. This carrier signal will stop traffic on the network. This might abort many
application programs and might cause communications problems.

This test asserts the —1.05 VDC signal on the network, turns off the normal 1503C
pulse, and sets up the MAX HOLD mode. This is intended to help find transceivers
that have a faulty Carrier Detect.

To use this test, have the network prepared for disruption and turn the test on via the
Ethernet Menu. Any traffic observed is being transmitted in spite of a signal
simulating a carrier. This might be due to a transceiver not asserting its carrier detect
line, a host not reading its carrier detect line, or some other reason. This 1s not
unusual with some equipment. One way to isolate which units are doing this is to
disconnect them one at a time until it stops.
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VAN

Collision Test is: Off/On

CAUTION. The collision signal will stop traffic on the network. This might abort
many application programs and might cause communications problems.

Descriptions of Tests in
the Setup Menu/
Acquisition Control Menu

This test is similar to the carrier test except that it asserts a —1.7 VDC signal to
simulate a collision on the network.

The entries in this menu allow you to set up custom tests on networks in addition
to the preset ones in the Etherner Menu. This is intended for users who are familiar
enough with Ethernet to anticipate the results. Changes in this menu can affect the
state of other entries that are mutually exclusive or necessary for the chosen entry.
For example, turning on the Collision Curput Signal is: Off/On will also turn off the
carrier output signal because only one voltage can be sent out.

Only the function of the entries unique to Option 06 will be explained. For the
others, refer to the Operating Instructions chapter of this manual.

500 DC Termination is: Off/On

CAUTION. This must be on for use on a working network or reflections will cause
collisions on the network.

This entry is a duplicate of the entry in the Ethernet Menu. Its function is to allow
direct control of the low frequency termination inside the 1503C, With the 500 DC
termination is: On, the 1303C will functions normally to test the cable. This is
usually the only test needed to check a network cable.

Carrier (-1.05V) Output Signal is: Off/On

CAUTION. The carrier signal will stop most traffic on the network. This might abort
many application programs and might cause communications problems.

1503C MTDR User Manual

When this test is on, the 1503C will assert a —1.05 VDC level on a 500 load (~2.1
VDC open circuit). This signal is intended to be equivalent to the average of a
standard Ethernet transmission and should trigger the carrier detect circuit on all the
transceivers. Because most applications will defer transmission when this signal is
present, it can be used to test transceivers and systems, or to reduce traffic for 1503C
testing.
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Collision (-1.7V) Output Signal is: Off/On

CAUTION. The collision signal will stop most traffic on the network. This might
abort many application programs and might cause communications problems.

When this test 1s on, the 1503C will assert a ~1.7 VDC level on a 500 load {-3.4
VDC open circuit). This signal is intended fo be equivalent to the average of two
colliding Ethernet transmissions and should trigger the collision detect circuit on all
the transceivers. This should cause applications to back off and retry, then eventually
abort, as defined in the 802.3 standard. Therefore, it can be used to test units that
do not respond to this signal or to stop traffic for TDR testing.

Customizing Your Own Tests

Access the Acquisition Control Menu located under the Setup Menu. The various
tests listed can be used in any combination. Remember that the tests will not be
activated until you return the 1503C to normal operation, so any combination can
be chesen, then activated.

Waveform Signatures

By now you probably have a good idea what traffic looks like on the display and how
you can use the NOISE FILTER to reduce it. Other signatures might also appear on
the display.

Terminators are small reflections seen as stationary bumps and dips. A perfect
terminator would not reflect any encrgy. and theoretically would be invisible on the
1503C display. Because of small impedance differences between the cable and the
terminator, a small amount of energy will be reflected. The signature of a terminator
tends te go either up or down. Because a terminator absorbs nearly all the energy
of a pulse, the normal ripples in the waveform (minor changes in impedance) wilt
not be present after a terminator. The point where the waveform becomes flat is a
clue to the location of a terminator.

Taps commonly have a characteristic down-then-up reflection. The TDR pulse will
continue to travel past a tap because oniy part of the pulse’s energy is reflected. This
allows the 1503C to read signatures well beyond taps.

Following are examples of tests made on two Ethernet systems:
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Figure 3-4: System 1 - Tap Hidden by Traffic
{1 avyg, 50 fi/div. 35 dB)

Ll 17eseh

Figure 3-5: System 1 - Traffic and Tap Nearly Identical
(4 avg, 50 ft/div, 35 dB)

S-S T SO U £ L

Flgnre 3-6: System 1= Tap Becommg Visible
{16 avg, 50 ft/div, 35 dB)
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Figure 3~7: System 1 - Tap Quite Visible
(128 avg, 50 ft/div, 35 dB)

SO -V T U FRE R AU T L)

(1 avg, 50 ft/div, 35 dB)

Clee o ferset

E : : : : : : : :
Figure 3-9: System 1 - Tap Expanded, No Traffic
(1 avg, 2 ft/div, 35 dB)
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Flgure 3~10: System 2~ Cable w/ Revision One Repeater *
(1 avg, 200ft/div, 2.25dB)

*Revision One repeaters must sense collisions and place a jam signal on both segments. When using the
carrier sense voltage level while sending out pulses (e.g., Single Sweep with Carrier is: On) the pulses
might exceed the collision or traffic thresholds of the repeater, causing it to send back jamming packels
that are synchronized with the 1503C. This creates an unusual waveform that looks similar to data. As
a rule, repeaters should be shut down prior to testing a segment to prevent such occurrences.

ae DU, - L

e SR

e, - w ko eta o e

F:gure 3~11: System 2 — First Tap, No Traffic
(1 avg, 1 ft/div, 44.5 dB})

ABa56T

R e

Figure 3-12: System 2 ~ Same Tap with 5% Traffic
(1 avg, 1 ft/div, 44.5 dB)
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LB et

Figure 3-13: System 2~ Same Tap, Increased Averaging
(16 avg, 1 ft/div, 44.5 dB)

Lae G et

F:gure 3-44 System 2 - Farther Out More Gam
{128 avg, 10 ft/div, 53.5 dB)

714121t

e T S L N

! : : : : : : : : :

2 : : : : : : : : : ‘
! I

Fi

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Flgure 3-15 System 2- 1000 ft Cable at10ns
(128 avyg, 100 ft/div, 43.75 dB)
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F;gure 3-16: System 2- Prewous Waveform Expanded
(128 avg, 20 ft/div, 54.75 dB)

LB mesft

F:gure 3—17 System 2- Next Group of Taps
(128 avg, 20 ft/div, 54.75 dB)

T ac : : E : 1034.44 1

Figure 3-«18 System 2- Group of Taps Expanded
{128 avg, 10 fifdiv, 54.75 dB)
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Flgure é;ié: éyéfem 2 ~ Another Group of Taps
(128 avg, 10 ft/div, 54.75 dB)
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Figure 3-20: System 2 - End of Cable
(128 avyg, 20 fi/div, 61.25 dB)

Electrical Characteristics  Following are the specifications for the Ethernet board.

Characteristic Performance Requirement Supplemental Information

DC Termination 500 £1Q See typical frequency response curve
below this 1able to estimate at other fre-
quencies. Once the termination is
furned on, it will remain on until specii-
cally turned off by the operator, at which
time a wamning to remove the 1503C
from the network will be shown on the
display. Leaving the TDR on the net-
work with the termination furned off wil
causs traffic disruption and errors.

DC Voltage Offsets | 0.0V £0.02V AC pulse voltage is present on top of
-1.05VDC and-1.7 VDC DC offsets while measuring. Voltages
#4015V into 5002 only asserted when 50€) termination is
on.
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Characteristic Performance Requirement Supplemental Information

Cvervoltage Protection Chreuit cuts out leaving standard
1503C protection for voltages great-
erthan =11 V.

Floating Ground Only when used with battery pack.
IEEE 802.3 specifies a single
ground on the bus.

70— -oen .
- f ? ' Option 086
60— - -+ ST Board
- ; ‘ ; —1503C
oEc . l l 1 l
£B0—- - SR
o ; | | . 1503C with
Z : : . Option 06
40T_’ .- . .. 4 ..
30_:‘ T T'EI]I‘ "I Tllf; BRI TEW‘\ RN II R ?I%i TR ?Ii]i R E'%ii
10 16 1 10t 10° 0% 107 108

Frequency

Figure 3-21: Typical Frequency Response Curve with Ethernet Option 06

Option 07: YT-1S Chart Recorder

Option 07 instruments come equipped with a splashproof chart printer. Refer to the
YT-1/ YT-18§ Chart Recorder Instruction Manual that comes with this option for
instructions on operation, paper replacement, and maintenance.

Option 08: Token Ring Adapter

Option 08 instruments come with an adapter that allows you to connect the 1503C
to networks containing ECL connectors. The adapter isolates the receive pair from
the transmit pair at the ECL connector and allows you to select one or the other to
be routed to the input BNC connector on the 1503C.
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Option 09: Universal Service Ordering Code

Option 09 instruments come with an adapter that allows you to connect the 1503C
to LANSs using type RJ-45 connectors using the Universal Service Ordering Code.
The adapter allows selection of each of the four twisted pairs.

CAUTION. The RJ-45 USOC adapter (Option 09) is the same connector used for
many telephone installations. Active telephone wires will have 40 to 60 VDC on one
pair and this will destroy the 1502-series instrument. Do not use Option 09 with
1502, 15028 or 1502C instruments.

Option 10: Token Ring Interface

Power Cord Options

3-18

Option 10 instruments come with an adapter that allows you to connect the 1503C
to Token Ring networks via the MAU.

The following power cord options are available for the 1503C TDR, Note that these
options require inserting a 0.15 A fuse in the rear panel fuse holder.

NOTE. The only power cord rated for ouidoor use is the standard cord included with
the instrument (unless otherwise specified). All other optional power cords are
rated for indoor use only.

Option Al: 220 VAC, 16 A, Universal Burope ............ 161-0066-09
Option A2: 240 VAC, 13 A, United Kingdom ... .......... 161-0066-10
Option A3: 2d0 VAC, 10 A, Australia ................... 161006611
Option A4: 240 VAC, 153A, North-America . .............. 161-0066-12
Option A5: 240 VAC, 6 A, Switzerland ... ............... 161-0154-00
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Accessories

Standard Accessories

Optional Accessories

1203C MTDR User Manual

Replacement Fuse (AC line fuse, LIS VAC) .............. 159002901
Replacement Fuse (AC line fuse, 230 VAC) ... ... ... 159005400
Power Cord (outdoorrated) . .......................... 161022800
Option Port Cover Assembly . ... ... ... ... ... ... 200-3737-00
SO BNC Terminator .. ..ovviteririee e, 011-0123-00
BNC Connector, female-to-female .. ... .. ... .. ...... 103-0028-00
93Q 10-foot Test Cable (S/N =B010625) ................ 012-1351-00

Connector, BNC female to Alligator Clips (S/N = }3010625) .. 013-0261-00

BNC Connector male to N female (w/ Option 06 only) . ... .. 103-0058-00
50Q 3-foot Test Cable (w/ Option O6only) ...... ... ... ... 012-1350-00
Operator Manual .. ... ... .. ... ... . ... .. ... 070-7323-xx
Slide Rule Calculator .. ... .. . . i i, 003-1419-00
AccessoryPouch ..o oo L 016-0814-00
Service Manual .. ..., ... . 070-7170~xx
Battery Pack . ... .. ... 040--1276-00
Chart Recorder, YT-18 . . ... . .. .. 119-3616-00
Chart Paper, singleroll ... ... .. ... . ... ... ... ..... 0606-7647-00
Chart Paper, 25-rollpack ... ... ... ... ... ... .. .. .. 006-7677-00
Chart Paper, 100-roll pack ....... ... ... .. ... .. ..... 006-7681-00
Cable, Interconnect, 360 inches . ...... ... ... ... .. ... 012--0671-03
Connector, BNCmaleto BNCmale ..................... 103-0029-00
Connector, BNC female to Alligator Clip (S/N =B010625) . . 013-0261-00
Connector, BNC female to Hook-tip Leads ............... 013-0076-01
Connector, BNC female to Dual Banana Plug ... ........ .. 103--0090-00
Connector, BNC male to Dual Binding Post ... ....... ... 103-0035-00
Connector, BNCmaletoNfemale ...................... 103005800
Connector, BNCfemaletoNmale .. .. ... .. ... ....... 103-0045-00
Connector, BNC femaleto UHFmale ... ... ... ..... 163-0015-00
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Connector, BNC female to UHF female .................. 103-0032-G0
Connector, BNC female to Type Fmale .. ... ............. 103015800
Connector, BNC male to Type Ffemale .................. 013-0126-00
Connector, BNCfemale toGR .. ... ... ... ... .. .. ... 017-0063-00
Connector, BNCmaleto GR ... ... ... ... ... ... ... 017-0064-60
Precision 502 Cable (S/N =BOI0625) ... . ... . ... ... 012-1350-00
Terminator, 750 BNC . .. 011-0102-00
Adapter, Direct Current .. ... . . .o i e 015032700
Isolation Network .. ... . .. . i 013-0169-00
Pulse Inverter ... ... 015-0495-00
Token Ring Network Adapter .. ........ ... ... ... ... 015-0500-00
Twisted Pair Adapter — USOC Adapter .................. 015-0579-00
Token Ring Interface . .. ... ... i 015-0600-00
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Appendix A: Specifications

The tables in this chapter list the characteristics and features that apply to this
mstrument after it has had a warm-up period of at least five minutes.

The Performance Requirement column describes the limits of the Characteristic.
Supplemental Information describes features and typical values or other helpful
information.

Electrical Characteristics

Characteristic Performance Requirement Supplemental Information
Test Pulse
Widih Selected:; 2 ns, 10 ns, 100 ns, 1600 ns Measured at half sine amplitude point with
matching termination.
Accuracy 2ns +1ns; 10ns, 100 ns, 1600 ns 4+ 10%
Pulse Ampiitude
Terminated -25VDC =+ 1G% for 10 ns, 160 ns, 1000 ns;
2ns £20%
Unterminated -5.0VDC + 10% for 10 ns, 100 ns, 1000 ns Internal cable length prevents 2 ns puise from
reaching {ull unterminated voltage
Pulse Shape 1/2 sine
Puise Output Impedance Selscted; 5000, 750, 9302, 125Q
Accuracy 1%
Puise Hepetition Time 350 415 nominat
Vertical
Scale 0 dBto 63.75 dB gain 256 values at 0.25 dB increments
Accuracy 4+ 3%
Set Adjustment Set incident pulse within £ 3% Combined with vertical scale control.
Vertical Position Any waveforrn point moveable to center screen.
Displayed Noise With matching terminator at panel. Beyond
three fest pulse widths after test pulse.
Random = £ 1.0 division peak with 57 dB gain,
filter set to 1
=< =+ 1.0 division peak with 63 dB gain,
filtler setto 8
Aberrations = -30 dB p-p for 10 ns, 100 ns, 1000 ns test Within thres test pulse widths after test pulse.

pulse dB is relative fo test puise.
=-25 dB p-p for 2 ns test pulse

(continued next page)
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Specifications

Max input Susceptibility

+400 V (DC + peak, AC at maximum frequen-
cy of 440 Hz). No damage with applicaticn for
up fo 30 seconds (might affect measurement
capabiiity).

Characteristic Performance Requirement Supplemental information
Cable Connection
Coupling Capagcitively coupled

Distance Cursor Resclution

1/25 of £ major division

Cursor Readout ‘

Range -2 ff to = 560,000t (~0.61 m to 15,230 m) 5 digit readout

Resolution 0.04 1t

Accuracy Within 2% 0,02 ftat 1 f/div Vp must be set within - 0.5%
Horizontal

Scale 1 fi/div to 5000 ft/div {0.25 m/div to 1000 m/div)

12 values: 1, 2, 5 sequence
Hange 010 50,060 1t {0 t0 10,000 m)

Horizontal Position

Any distance tc full scale can be moved on
screen

Full Charge Time

Overcharge Protection

Discharge Protection
Charge Capacity

Charge indicator

20 hours maximum

Charging discontinues once full charge is
atiained

Operation terminates prior to battery damage
3.4 Amp-hours typical

Bat/low wilt be indicated on LCD when capacity
reaches approximately 10%

Vp
Range 0.30t0 0.99 Propagation velocity relative to air
Resolution 0.01
Accuracy within =+ 1%

Custom Option Port Tek chart recorder is designed to operate with
the 1503C. Producss a high resolution thermal
dot matrix recording and waveform and control
values.

Line Voltage 115 VAC {80 to 132 VAC} 45 10 440 Hz Fused af 0.3 A

230 VAC (180 to 250 VAC} 4510 440 Hz rusedal 015 A
Battery Pack
Operation 8 hours minimum, 30 chart recordings maximum | +15° Cto +25° C charge and discharge temp,

LCD backlight off. Operaticn of instrument with
backlight on or at temps below +10° C will
degrade battery operation specification

A-2

1503C MTDR User Manual




Specifications

Environmental Characteristics

Characteristic

Performance Requirement

Suppiemental Information

1510 25 Hz, 0.04 inch p-p
251055 Hz, 0.013 inch p-p

Temperature
Operating ~-10° C 1o +55° C Batiery capacity reduced at other than +15°C {o
+25°C
Non-operating -62°Cto+85°C With battery pack removed. Storage temp with
battery pack in is -35° C to +65° C. Cortents
on non-volatile memory (stored waveform) might
be lost &t temps below —40° C.
Hurmnidity 10 100% internal desiceant with cover on and option port
gover installed.
Altitude
Operating t0 15,000 ft MIL-T-28800C, Class 3
Vibration 510 15 Hz, 0.06 inch p-p MIL-T-28800C, Class 3

Shock, Mechanical
Pulse

Bench Handling
Operating

Non-operating

30 g, 11 ms 1/2 sine wave, total of 18 shocks

4 drops each face at 4 inches or 45 degrees
with opposite edge as pivot

4 drops each face at 4 inches or 45 degrees
with opposite edge as pivot. Satisfactory opera-
tion after drops.

MIL~T-28800C, Class 3
MIL-STD-810, Method 516, Procedure V

Cabinet on, front cover off

Cabinet off, front cover off

Loose Cargo Bounce

1 inch double-ampiitude orbital path at 5 Hz, 6
faces

MIL-STD-810, Method 514, Procedure X/,
Part 2

Water Resistance MIL-T-28800C, Style A
Operating Splash-proof and drip-proof Front cover off
Salt Atmosphers Withstand 48 hours, 20% solution without
corrosion
Sand and Dust Operates after test with cover on, non-operating | MIL-STD-810, Mathod 510, Procedure |
Washability Capable of being washed
Fungus inert Materials are fungus inert

(continued next page)
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Characteristic

Performance Requirement

Supplemental Information

Electromagnetic Compatibility

VDE 0871 Class B

Emission: per standard EN50081-1
EN55022, Class B, Radiated
EN55022, Class B, Conducted
EN60555-2, AC Power, Conducted

Immunity; per standard EN50082—1
IEC 801-2, Electrostatic Discharge
{EC 801-3, RF Electromagnetic Fieid

IEC 801-4, Electrical Fast Transienis/Burst, AC Mains
IEC 801-4, Electrical Fast Transient/Burst, Signal & VO

IEC 801-5, Power Line Surge

Physical Characteristics

A-4

Characteristic Description

Waight

without cover 14.5 |bs {6.57 k)

with cover 16 1bs (7.25 k)

with cover, chart recorder, and battery pack 20 Ibs (9.07 kg)
Shipping Weight

domestic 25.5 Ibs {11.57 kg}

axport 255 Ibs (11.57 kg
Height 5.0 inches (127 mm)
Widih

with handle 12.4 inches (315 mm)

without handie 11.8 inches (300 mm)
Depth

with cover on 16.5 inches (436 mm)

with handle extended to front 18.7 inches (490 mm)
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Equipment Required

Getting Ready

Power On

Metric Instruments

1503C MTDR User Manual

This appendix contains performance checks for many of the functions of the 1503C.
They are recommended for incoming inspections to verify that the instrument is
functioning properly. Procedures to verify the actual performance requirements are
provided in the 7503C Service Manual.

Performing these checks will assure you that your instrument is in good working
condition. These checks should be performed upon receipt of a new instrument or
one that has been serviced or repaired. It does not test all portions of the instrument
to Calibration specifications.

The purpose of these checks is not to familiarize a new operator with the instrument.
If you are not experienced with the instrument, you should read the Operating
Instructions chapter of this manual before going on with these checks.

If the instrument fails any of these checks, it should be serviced. Many failure modes
affect only some of the instrument functions.

ftem Tektronix Part Number
50Q) precision terminator 011-0123-00
5303 10-foot coaxial cable 012-1351-00

Disconnect any cables from the front-panel CABLE connector. Connect the
instrument to a suitable power source (a fully charged optional battery pack or AC
line source). If you are using AC power, make sure the fuse and power switch are
correct for the voltage you are using (115 VAC requires a different fuse than
230 VAC).

Pull the POWER switch on the front panel. If a message does not appear on the
display within a second or two, turn the instrament off. There are some failure modes
that could permanently damage or ruin the LCD if the power is left on for more than
a minute or so. Refer to Appendix C: Operator Troubleshooting in this manual.

Option 05 instruments default to metric; however, you can change the metric scale
to ft/div in the Serup Menu or use the metric numbers provided. To change the
readings, press the MENU button. Using the & POSITION control, scroll down to
Setup Menu and press MENU again. Scroll down to Distance/Div is: m/div and press
MENU again. This will change to ft/div. Press the MENU button repeatedly to
return to normal operation mode. If the mstrument power is turned off, these checks
must be repeated again when the instrument is powered on again.

B~1
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SetUp  Set the 1503C front-panel controls:

IMPEDANCE 930}

NOISE FILTER 1 avg

VERT SCALE 10.00 dB
DIST/DIV 2 ft/div (0.25 m)
Vp .84

PULSE WIDTH 2 ns

1. Horizontal Scale  If the instrument fails this check, it must be repaired before any distance
(Timebase) Check  measurements can be made with it.

1. Turn the 1503C power on. The display should look very similar to Figure B—1.

bay Vi Tt 000ft |

Figure B-1: Start-up Measurement Dispiay
2. Connect the 10-foot cable to the front-panel CABLE connector. The display
should now look like Figure B-2.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure B~2: Measurement Display with 10-foot Cable

3. Using the I® POSITION control, measure the distance to the rising edge of the
waveform at the open end of the cable. The distance shown on the display
distance window (upper right corner of the LCD) should be from 9.9 to 10.1 feet
(3.01 to 3.08 m).
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Figure B-«3 Cursor at ﬁnd of 10-foot Cabie

=

LT

Change the Vp to .30, Using the “% POSITION control, measure the distance
to the rising edge of the waveform at the open end of the cable. The distance
shown on the display distance window (upper right corner of the LCD) should
be from 3.50 to 3.70 feet (1.05 to 1.11 m).

Flgure B~4 Cursor at End of 10~foot Cabie Vp Set t0 .30

5.

Remove the 10-foot cable and connect the 500 terminator. Change the 1503C
front-panel controts to:

VERT SCALE 0.00 dB
DIST/DIV 5000 ft/div (1000 m/div)
PULSE WIDTH 1000 ns

Turt: the <P POSITION control clockwise until the display distance window
reads a distance greater the 50,000 feet (15,259 m). The waveform should
remain a flat line from zero to this distance.
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Lbat i n . 5os00.00ft

=

AL S,

'

2. Vertical Position  If the instrument fails this test, it can be used, but should be serviced when possible.
(Offset) Check  Not all of the waveforms will be viewable at all gain settings.

1. Using the § POSITION control, verify that the entire waveform can be moved
to the very top of the display (off the graticule area).

Lbat i G, BOB00OOT N
S : ' S : : ‘ Waveform
off display

Buz =T = S

Figure B-6: Waveform Off the Top of the Display

2. Using the § POSITION control, verify that the entire waveform can be moved
to the very bottom of the display (to the bottom graticule line).

ket L, bosoooot ]

- E=

% Waveform

Figure B-7: Waveform at the Bottom of the Display
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3. Noise Check

4. Offset/Gain Check

1503C MTDR User Manual

If the instrument fails this check, it may still be usable for measurements of large
faults that do not require a lot of gain. A great deal of noise reduction can be made
using the NOISE FILTER control. Send your instrument to be serviced when
possible.

1. Set the PULSE WIDTH to 2 ns. Using the § POSITION control and VERT
SCALE control, set the gain to 57 dB with the waveform centered vertically in
the display.

Lkat o Boeongoft

S
Figure B-8: Waveform with Gain at 57 dB
Press MENLU.

Using the § POSITION control, select Diagnostics Menu.

Press MENU again.

2.
3.
4
5. Using the § POSITION control, select Service Diagnostic Menu.
6. Press MENU again.

7. Using the & POSITION control, select Noise Diagnostics.

8. Press MENU again and follow the instructions on the display.

9

Exit from Noise Diagnostics, but do not exit from the Service Diagrostic Menu
yet.

If the instrument fails this check, it should not be used for loss or impedance
measurements, Send it to be serviced when possible.

1. Inthe Service Diagnostic Menu, select the Offset/Gain Diagnostic and follow
the directions on the display.



Operator Performance Checks

There are three screens of data presented in this diagnostic. The Pass/Fail level is
3% for any single gain setting tested.

2. Exit from Offset/Gain Diagnostic, but do not leave the Service Diagnostic
Menu yet.

5. Impedance Check  If the instrument fails this check, it should not be used for loss or impedance
measurements.

1. In the Service Diagnostic Menu, select the Impedance Diagnostic and follow
the directions on the screen. Passable tolerances are:

50Q 47.0 10 50.0Q
75Q 71.0t0 75.0Q
93Q 881093 Q2
125Q 11810125 Q

2. Exit from the Impedance Diagnostic, but do not leave the Service Diagnostic
Menu vyet,

6. Sampling Efficiency  If the instrument fails this check, the waveforms might not look normal. If the
Check  efficiency is more than 100%, the waveforms will appear noisy. If the efficiency is

below the lower limit, the waveform will take longer (more pixels) to move from

the bottom to the top of the reflected pulse. This smoothing effect might completely

hide some faults that would normally only be one or two pixels wide on the display.

1. In the Service Diagnostic Menu, select Sampling Efficiency and follow the
directions on the screen.

2. Whendone with the test, press the MENU button repeatedly until the instrument
returns to norinal operation.

7. Aberrations Check  If the aberrations are too large, they can be confused with minor faults in the cable
near the instrement.

1. Turn the <% POSITION control counterclockwise until the display distance
window reads less than 20.00 ft (6.10 m).

2. Setthe DIST/DIV control to 1 ft/div (0.25 m/div).
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Figure B-9: Distance at -2.00 ft

3. Tum the ¥ POSITION control counterclockwise until the display distance
window reads —2.00 ft (-0.62 m).

4. Set the 1503C front-panel controls:

IMPEDANCE 500
NOISE FILTER 1 avg
VERT SCALE 0.00 dB
PULSE WIDTH 2ns

Vp 99

5. Connect the 50€2 precision terminator to the front panel.

6. Turn the NOISE FILTER control completely counterclockwise to the VERT
SET REF position.

7. Use VERT SCALE to increase the height of the pulse to four major divisions.

___________________________________________

Figure B-10 Puise Ad;usted to Four Ma;or Davssnons in Helght

8. Press STORE.
9. Turn the NOISE FILTER contrel back to T avg.
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10. Place the baseline of the waveform on the center graticule using the
SPOSITION control.

11. Increase VERT SCALE to 25.00 dB

12. Using the <% POSITION control, verify that the aberrations are less than four
divisions high out to 10 feet (3.05 m).

. ac f : : : f 10.00ft |

A S

Figure B~11: Waveform Centered, Cursor at 10.00 ft

13. Return the cursor to ~2.00 ft (-0.61 m).

14. Turn NOISE FILTER back to VERT SET REE.
15, Set the DIST/DIV to 2 ft/div (0.5 m/div).

16. Turn PULSE WIDTH to 10 ns.

17. Adjust the pulse height to four major divisions.

: . - . . . . . . B .
L T
: ' :

Figure B-12: Pulse Adjusted to Four Major Divisions in Height
18. Press STORE.
19. Return the NOISE FILTER control to 1 avg.

B-8 | 1503C MTDR User Manual



Operator Performance Checks

1503C MTDR User Manual

20, Place the baseline of the waveform on the center graticule using the
SPOSITION control.

21. Increase VERT SCALE to 30.00 dB.

22. Using the <% POSITION control, verify that the aberrations are less than four
divisions high out to 30 feet (9.15 m)

LB n L soooft
91_ : : : :

"

2

Fuo.

Figure B~13: Aberrations Less Than Four Divisions Qut to 30.00 ft
23, Return the cursor to —2.00 ft (-0.61 m).

24, Turn NOISE FILTER back to VERT SET REFE.

25, Set the DIST/DIV to 50 ft/div (10 m/div).

26. Turn PULSE WIDTH to 100 ns.

27. Adjust the pulse height to four major divisions.

.

.

.

.

.

.

.

.

.

.

:
a
£ : . . . : . .

Figure B-14: Pulse Adjusted to Four Major Divisions in Height

28. Press STORE.
29. Return the NOISE FILTER control te 1 avg.
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30. Place the baseline of the waveform on the center graticule using the
SPOSITION control.

31. Increase VERT SCALE to 30.00 dB.

32. Using the <% POSITION control, verify that the aberrations are less than four
divisions high out to 300 feet (91.50 m)

© 300.001t |

thure B-—15 Aberrations Less Than Four Dlwsmns Out to 300 00 ft

33. Return the cursor to ~2.00 ft (-0.61 m).

34. Turn NOISE FILTER back to VERT SET REF
35, Set the DIST/DIV to 500 fi/div (10 m/div).

36, Turn PULSE WIDTH to 1000 ns.

¥7. Adjust the pulse height to four major divisions.

- -2

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure B-16: Pulse Adjusted to Four Ntajor Divisions in Height

38. Press STORE.
39. Return the NOISE FILTER control to 1 avg.

40, Place the baseline of the waveform on the center graticule using the
&£POSITION control.
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Conclusions

1503C MTDR User Manual

41, Increase VERT SCALE to 30.00 dB.

42. Using the < POSITION control, verify that the aberrations are fess than four
divisions high out to 3000 feet (915.00 m)

________________________

ae L . ..3000.00ft,
g ..................
2
g
Figure B-17: Aberrations Less Than Four Divisions Out to
3000.00 ft

If the mstrument failed Aberrations or Sampling Efficiency checks, it is probably
still adequate for all but extremely minor fault measurements. If it failed the
Horizontal Scale check, vou should not use the instrument until the cause of the
failure has been 1dentified and corrected.

All of the previous checks only test the major functional blocks of the instrument
that could prevent you from being able to make measurements. It is possible for the
front-panel controls or the LCD to have problems that would interfere with
controlling or displaying measurements. Most problems of this type would become
evident as you perform the checks. If you suspect a probiem of this nature, you
should have the instrument checked by a gualified service technician, using the
diagnostics in the /503C Service Manual.

If the instrament passed all of the previous checks, it is ready for use.

If your instrument is equipped with Option 06 {Ethernet), refer to the Calibration
section of the 1503C Service Manual.
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Appendix C: Operator Troubleshooting
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For assistance in troubleshooting, use the following flow chart to determine if you
have a simple problem you can fix or if the instrument needs to be sent to a Tektronix

Service Center.

Use this process to determine whether the instrument should be repaired or
is OK to use when you have a problem.

CAUTION: Any time the instrument smells hot, repeatediy blows fuses, or
repeats the same error message, you should have the instrument serviced by
qualified technicians using the procedures in the 1503C Service Manual.

These are the first checks you should perform when you think you might have
a problem with the instrument,

The first step asks you to presei the instrument controls. Here is how to do
thai: Set Vp to .66; turn the IMPEDANCE knob all the way counterclockwise;
turn the FILTER knob ali the way counterclockwise, then back two clicks; wurn
the DIST/DIV knob all the way counterclockwise, then back three clicks; turn
the PULSE WIDTH knob all the way counterciockwise; remove any
accessories that might be plugged into the Option Port (e.g., chart printer),
and disconnect any cable that might be attached to the front-panel connector.

To complete the tests, you might need a Volt—Ohmmeter (VOM), a flat-bladed
screw driver (1o set the line voltage switch) and possibly, some spare fuses.

When you have completed these tests, you will know that it is safe to use the
instrument or that it needs repair or adjustment internally. You do not remove
the case for these tests.

IMPORTANT: It is possible for the instrument {¢ continue to make some
measurements even after reporting an error message. Do not ignore repeated
error messages! They indicate something is wrong and should be used with
the 1503C Service Manual froubleshooting procedures.

This procedure will give you confidence that the instrument is functioning
properly. It is not an exhaustive set of tests that guarantee that the instrument
meets all specifications and is perfectly calibrated. The calipration procedures
in the 7503C Service Manual are the best method for assuring that the

instrument meets all specifications.
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Error Messages

Message:

Occurrences:

Meanings:

Remedies:

Message:

1503C MTDR User Manual

Any time the instrument displays an error message, the troubleshooting procedures
should be used to judge the extent and severity of the problem.

Some errors will still permit some kinds of measurements. If there is any doubt
about the ability to make a particular kind of measurement, do not make that
measurement unkil the preblem has been corrected.

Option Port Device Not Responding...
Please check for correct installation.

- push MENU button to Continue —

This can occur anviime a chart printer, SP-232, or other Option Port device requests
attention from the TDR.

This error indicates that the TDR has received a signal indicating a request from the
Option Port device and either there is no device installed or the device is not
responding with a recognized 1D byte when polled by the TDR.

This error might be very annoying because the Option Port is checked once each
time the TDR gets a waveform. If the TDR is being controlled by or through the
Option Port device, you will probably have to remove that device and make manual
measurements until the failure is corrected.

This type of failure will not affect measurements made manually.

If there is no Option Port device, there is probably a failure in the option port logic
circuitry on the main circuit board, or in the cable between the main board and the
Option Port connector. Refer the instrument to a qualified service technician.

If the error is in response to a chart printer request, the PRINT switch on the chart
printer, or the wires to that switch,, are probably bad or shorted to the chassis or other
ground point. Refer the chart printer to a qualified service technician.

If the error is in response to another Option Port device, remove that device, If the
error ceases, have the device serviced. If the error persists, have the TDR serviced.

ERROR: Acquisition Initialization
TYPE: Leading edge of pulse not found
ERROR: Acquisition Initialization
TYPE: Top of Snsec ramp not found
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C-4

Occurrences:

Meanings:

Remedies:

This message can occur at power on initlalization only, These are common error
messages because they are triggered by many kinds of failures and come from one
of the very first routines that the instrument executes.,

The instrument searches for a point on the leading edge of the pulse that is on the
cable inside the instrument (about 10% up the pulse). This message indicates that
the search failed. This could be because the pulse is not there, or because the sampler
or gain circuitry is broken, or even because the timebase is not functioning properly.

The instrament must be sent to service for repair.

1503C MTDR User Manual



Appendix D: Application Note

Pulse Echo Testing of Electrical Transmission Lines
Using the Tektronix Time-Domain Reflectometry Slide Rule

Introduction

Terms and Symbols

1503C MTDR User Manual

Most people who make quantitative reflectometry tests or measurements should
find the Tekironix TDR Shide Rule helpful. Those new to the subject will find the
slide rule graphically summarizes a wealth of information on reflectometry.

Voltage Standing Wave Ratio vs. Percent Reflected Voltage
Return Loss, dB, vs. Percent Reflected Voltage

Percent Reflected Voltage vs. Characteristic Line Impedance (for either 500 or
75Q source)

Percent Reflected Voltage vs. Load Resistance (for either S0Q) or 752 source)

Characteristic Line Impedance or Load Resistance vs. Reflection Amplitude (as
seen on your TDR)

Dielectric Constant vs. Velocity Factor
Time vs. Short Distance in centimeters or inches (any dielectric)

Time vs. Long Distances in meters or feet (any dielectric)

. Source Resistance of a signal generator

. Source Impedance of a signal generator

. Characteristic Impedance of a transmission line

. Load Impedance for a transmission line

. Load Resistance for a transmission line

. Reflection Coefficient (rho): the ratio of incident to reflected voltage
. Reflection Coefficient divided by 1,000 (millirho)

. Ratio of the incident voltage to reflected voltage multiplied by 100

VSWR Voltage Standing Wave Ration (peak-to-valley)

Aregs <<o

. Velocity of light in air
. Propagation Velocity of a signal in a transmission line

Velocity Factor (fraction of the velocity of light)

. Dielectric Constant

Outer Diameter of the dielectric in a coaxial cable
Diameter of the center conductor in a coaxial cable
Inductance in nanoHenries (nH) per foot
Capacitance in picoFarads (pl) per foot
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Relationships
70 =(138/ /% )k (logio D 7 d) for coaxial cable
% =p*100
VSWR = (1 + p) + (1 p) for the case where VSWR is the same for all frequencies
c =30 cm / nanosecond =0.984 ft/ ns
VE =1//%
Vp =30/+/x cm/ns=0984//% ft /ns
C =736x +{(Jogip D/ d)
L =140 log1p D/ d
lin =254 cm
Ift =30.48 cm
Im =328f

VSWR vs. Percent Reflected Voltage

To find the Voitage Standing Wave Ratio (VSWR), knowing the percent reflected
voitage (%), or vice versa, use the Frequency Domain Conversions section of the
slide rule (see Figure AN-1).

1.04 VSWR = 2% REFLECTION 20% = 1.5 VSWR

swgg 0 2 4 6 8 10 12 14 20 %
ReSISTIVE Ll i m! il |\|\| m i | 1 \I IEIEH \IHM 1 I\IH 1l
DISCONTINUITY T AT T T |\|\|\||\|\|Hmm|
ONLY 1.00 105 1. 10 1.15 120 125 130 135 1.40 1.45 1.80 VWSR
01 .02.03.05 .‘10 2 3 5 71 G 2 3 57 10 2030 5G 190 o

RETURN LOSS |1l 11! MH i ‘ M || 1 .\||i\m|| e
(IMPULSE ONLY) (1T T e e K |\|\e

80 757065605550 4540 3530252{) 15 10 5 ¢

Figure D-1: Slide Rule of VSWR vs. Percent Reflected Voltage

On the upper scale, locate the known value of VSWR (or %). Adjacent to that point
is the corresponding value tor % (or VSWR). VSWR is the peak-to-valley ratio of
standing sine waves.

NOTE. The relationship between % holds only when the loss is a single impedance
discontinuity with negligible capacitive or inductive components (e.g., a 75()
termination at the end of a 5000 cable). The VSWR must be essentially the same for
all sine-wave frequencies.
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Return Loss (dB) vs. Percent Reflected Voltage

To find return loss in decibels, knowing the % (or vice versa), use the bottom scale
of the Frequency Domain Conversions section of the slide rule (see Figure AN--2).

8 2{} %

10 16
DlSCONTINUITY H#% Mﬂqj %‘HH “EW JETHL E’“i\ ‘s itk \EIHMMJ’

Y100 105 110 1A 1.20 225 1.30 135140145150VWSF¥

01 0203 05 23 5710 2 3 5?10 2030 50 100%
{

RETURN LOSS | |1 }]L1 1] H\Hui R
(IMPULSE ONLY; |1771TTTT] Hili ;sz T I |s |H|\|\| |\| i,
8o 75 78 65 60 5% 50 45 }O 35 30 25 20 15 10 5 ©

1% REFLECTION = 40 ¢B8 RETURN LOSS
Figure D-2: Slide Rule of Return Loss vs. Percent Reflected Voltage

Locate the known value of % or the known dB return loss, then locate the value of
the corresponding expression on the adjacent scale.

NOTE. Only the impulse mode of Time-Domain Reflectometry can be accurately
expressed in terms of return loss.

A narrow impulse will be attenuated by losses in the cable and reflections will be
attenuated likewise.

As with measurements on VSWR, there is only a simople mathematical relationship
between reflection measurements using sine waves and reflection measurements
using pulses when one resistive discontinuity is the whole cause for the sizable
reflections.

Percent Reflected Voltage vs. Characteristic Line Impedance (500 or 750 Source)

To find the characteristic impedance of a line, or section of a line, knowing the
reflection coefficient or the %, you should first know the impedance of the pulse
generator. It shouid be as close as possible to the nominal impedance of the line and
should be connected to the Tine through a length of cable having the same impedance
as the source. Select the side of the slide rule that corresponds to the source
resistance (Rg) of the generator used, then select the longest scale as follows:

1503C MTDR User Manual D-3
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D-4

Size of Reflection % / division p / division
100% 10 80% (1p to 0.8p) 20 .20
80% to 40% {0.8p to 0.4p) 10 10
40% 10 16% (0.4p to 0.16p) .05
16% to 8% (0.16p 1o 0.08p) 2 02
8% 10 4% {0.08r o 0.04n 1 .0
4% or less (< 0.04 p) 0.5 005
SOURCE  LINE roct o Hlp=+100% El oold
iR T 408p= +50% o 1500
ﬁ\ : T W Gp = 0%
() A2E | AE - - - —05p= —50%
H | 1
W y T teees =1p =—100%
STEP 77 INCIDENT REFLECTED
GENERATOR VOLTAGE VOLTAGE
g = REFLECTION COEFFICIENT 1p = 100%
p/BiV CHMS p/DIiV OHMS p/DiV OHMS p/DIV
S s e
20 800= 1
\
§
|
i
c e :  E
500 SOURCE 500 80TRCE 500 SEUES
i The risstime or ampliiude of received refiections may be signi-
1\ ficantly degraded or attenuated by two-way 65565 of the line .
+lp=o (2 +.03p =53.1Q

Figure D-3: Slide Rule 50Q) Source

If the reflection is downward from the 50 or 75Q reference level, set the reference
level to the top of the chosen scale. If the reflection is toward a higher impedance
than the reference level, set the reference level to the bottom of the chosen scale.
Then count off the right number of divisions and subdivisions to locate the level
corresponding to the peak of the reflection and read the corresponding impedance
levels (Ohms) on the adjacent sliding scale.
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source F M o =0dB = +100% o= ool

?559 EIDEAK/ | We  _edB e +509% T 2250
— O b e dB = 0% 750
y | KA
@ QEPEAKE l‘“zsg U pdB = —50% 250
. o 756 L —0dB =—100% - o)
IMPULSE /77 INCIDENT REFLECTED LOAD
GENERATOR VOLTAGE VOLTAGE RL

%/ DIV OHMS % /DIV OHMS 9% /DIV OHMS %/DIV

RETUAN LOSS (-dB)

f

i 750 SBURCE 750 SOURCE 750/ SOURGE
(20% / division, downward 5 major divisions)

~100% = 0Q

Figure D-4: Slide Rule 75Q Source

if the line impedance and the source resistance are known, the expected amplitude
of a reflection can be approximated. First, select the side of the slide rule having the
correct source impedance. For cables having a higher impedance than the selected
source resistance, put the sliding reference level even with the bottom stationary
scale markings. For cables having a lower impedance than the selected source
resistance, move the reference level even with the top of the scale markings. For best
accuracy, select the scale farthest to your right in which the impedance level of
mterest is in view. Read from the adjacent stationary scale the reflection coefficient
or percent reflected voltage that corresponds to the Ohms selected.

Percent Reflected Voltage vs. Load Resistance

1503C MTDR User Manual

To find the terminating load resistance (Ry) of a line, knowing the percent reflected
voltage or reflection coefficient, use the preceding instructions.

If the load resistance is known, the previous procedures can be used to approximate
the size of the return reflection. An error might be introduced if the impedance of
the connecting cable does not match the source resistance of the pulse generator.
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Characteristic Line Impedance or Load Resistance vs. Reflection Amplitude

(as seen on your TDR)

D-6

Line Impedance (Zp) or Load Resistance (Ry) can be derived directly from the
amplitude of a reflection displayed on a TDR display. The displayed reflection
should be positioned vertically to a known 500} reference level. For a reference
level, use either a section of line of known impedance ahead of the line under
test/load, or use a termination of known resistance at the end of the line. The slide
rule can then be used by selecting the side with the same source resistance and the
sam scale as the TDR.

1DV OHM%

___________________________________ 015—55
RG8/U -
5150 Y
RG213U | e
49.5Q I

Olpidiv
v S
2ns/div

500 SOURCE

Precision Load Resistor used for 5000 Reference Level

Figure D-5: Calculating Resistance/impedance from Waveform Amplitude

Position the 50Q) or 752 reference level on the sliding scale to correspond with the
one selected as the reference level on the TDR display. The impedance {Ohms)
causing the reflection can then be read from the sliding scale by noting the position
on the fixed scale that corresponds to the position of the reflection on the TDR
display.

You should note that the peak level of any reflection that does not have a discernable
platean might be an erroneous indication of the impedance discontinuity that caused
it. There might be several reasons for the error. 1) The discontinuity might occupy
such a short segment of the line compared to the Vp of the line and the risetime of
the test pulse wavefront that part of the wavefront starts to emerge from the segment
while the remainder is still entering. This causes a spike-shaped reflection. the
amplitude of which might vary depending on the risetime of the test pulse, how
badly the risetime has been degraded by the cable before it arrives, and how much
attenuation the cable might impose on the reflection before it arrives back at the
source, 2) If the risetime of the TDR system is too long, a reflection with a platean
will appear as a spike.

1503C MTDR User Manual
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Centimeters vs. Inches or Meters vs. Feet

Dielectric Constant vs.

Inches and Centimeters: A given number of inches can be converted to centimeters
by placing the point on the sliding scale that corresponds to that number next to the
stationary arrow labeled INCHES, then reading the distance in centimeters next to
the point of the arrow labeled CENTIMETERS. Likewise, centimeters are
converted to inches using these directions in reverse.

linch=2.34c¢m

INCHES CENTIMETERS
\§i|l|§| HU §\ \MI H\E g "|"i"§'Ti‘?"\'[EEHTT
2 H
5.6 7.8 15 20 3

‘E 0 R R
ONE-WAY DISTANCE
TO OR BETWEEN FAULT, SPLICE,
CONNECTOR, LOAD, END, OR OTHER
IMPEDANCE DISCONTINUITY

o 5 20 300 407E0 60 TUE
RTIRR (
g i
METERS EEET
15m=4921

Figure D-6: English-Metric, Metric-English Conversion Scales

Meters and Feet: A given number of meters can be converted to feet by placing the
point on the sliding scale that corresponds to that number next to the stationary
arrow labeled METERS, then reading the distance in feet next to the point of the
arrow labeled FEET. Likewise, feet are converted to meters using these directions
in reverse.

Velocity Factor

Dielectric Constant and Velocity Factor appear on two identical scales next to a
sliding scale labeled ROUND TRIP TIME. To find one, knowing the other, read
across the sliding scale. Any major division on the sliding scale can be placed next
to the known value to help read directly across the sliding scale.

Time vs. Short Distances, in Centimeters or Inches (any dielectric)

1503C MTDR User Manual

To find the distances to or between discontinuities in a transmission line, knowing
the time for a pulse edge to travel that distance and back (round trip time), it is
necessary to know either the dielectric constant of the material between the
conductors or the velocity factor of the line. For distances less than about three
meters (or 10 feet), use the INCHES and CENTIMETERS scale.
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KETUs Tl 1 Dieletric is Air
ATVTETTITIE Yy m\”\ PRI T e X
Roﬁ%gé a.?.ps 1:‘51{:}?3 %Q‘?S\EH% 3?91;\35 eujoou "I’llsﬁozi:é Time =200 ps
ii
Ve on 1|a| L ‘7 i i i Velocity Factor = 1
INCHES CENTIMETERS
Distance is

3.0cmor 1.18 inches

ONE-WAY DISTANCE

TO OR BETWEEN FAULT, SPLICE,
CONNECTOR, LOAD, END, OR OTHER
| IMPEDANCE DISCONTINUITY

Figure D-7: Dielectric Constant and Velocity Factor, Short Distance

The round trip time should be located on the sliding scale that is above the INCHES
and CENTIMETERS scale. Place the point on the sliding scale next to a point on
one of the stationary scales that corresponds to the value of the dielectric constant
or velocity factor. Then read the distance on the INCHES and CENTIMETERS
scale.

If the distance to or between faults 1s known and you want to find the time or velocity
factor, set the distance under the appropriate arrow first, then read the answer on the
ROUND TRIP TIME scales.

Time vs. Long Distances, in Meters or Feet (any dielectric)

Distances to or between discontinuities farther apart than about three meters (10
feet) can be found on the METERS and FEET scale. Use the sliding ROUND TRIP
TIME scale just below it and follow the same procedure as above,

ONE-WAY DISTANCE

g TO OR BETWEEN FAULT, SPLICE,

| CONNECTOR, LOAD, END, OR OTHER
IMPEDANCE DISCONTINUITY

20 e 4(5""50 B0 70 8051003 T s Distance is
Dot bsdlsdulds B0 L 30 moor 99
A A,
METERS FEET

Dieletric is Solid

DIELECTRIC ‘EO 1520 3 4 56
CONSTANT o Polyethylene
ROUND STV ; T ||;H|'|HH§H|||
TRIP )0 501 2(}0 300 500 700 i =
TIME SH%M am\\ 1 |\F|S£M ”|\|;-;sslul \slul‘llmlm i nrl Time = 300 ns
ITETTTHHTELER .
VELOGITY T Velocity Factor = .66
FACTOR 10 8 7 8 5 4

Figure D-8: Dielectric Constant and Velocity Factor, Long Distance
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Aberrations

AC

Accuracy

Cable

Cabie Attenuation

Cable Fault

Capacitance

Characteristic Impedance
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Imperfections or variations from a desired signal. In TDRs, a pulse of electrical
energy Is sent out over the cable. As the pulse-generating circuitry is turned on and
off, the pulse is often distorted slightly and no longer is a perfect step or sine-shaped
waveform.

Alternating current is a method of delivering electrical energy by periodically
changing the direction of the flow of clectrons in the circuit or cable. Even electrical
signals designed to deliver direct current {DC) usually fluctuate enough to have an
AC component.

The difference between a measured, generated, or displayed value and the true value.

Electrical conductors that are usually insulated and often shielded. Most cables are
made of metal and are designed to deliver electrical energy from a source (such as
a radio transmitter) across a distance to a load (such as an antenna} with minimal
energy loss. Most cables consist of two conductors, one to deliver the electrical
signal and another to act as a retwrn path, which keeps both ends of the circuit at
nearly the same electrical potential. In early electrical systems and modern systems
that over long distances use the earth and/or air as the return path, and the term
“ground” or “ground wire” is often used to describe one of the wires in a cable pair.

The amount of signal that is absorbed in the cable as the signal propagates down it.
Cable attenuation is typically low at low frequencies and higher at high frequencies
and should be corrected for in some TDR measurements. Cable attenuation is
usually expressed in decibels at one or several frequencies. See also: dB and Series
Loss.

Any condition that makes the cable less efficient at delivering electrical energy than
it was designed to be. Water leaking through the insulation, poorly mated
connectors, and bad splices are typical types cable faults.

{see Reactance)

Cables are designed to match the source and load for the electrical energy that they
carry. The designed impedance is often called the characteristic impedance of the
cable. The arrangement of the conductors with respect to each other is the major
factor in designing the impedance of cables.
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Conductor

dB

DC

Dielectric

Domain

impedance

Impedance Mismaich

Glossary-2

Incident Pulse

Inductance

Any substance that will readily allow electricity to flow through it. Good conductors
are metals such as silver, copper, gold, aluminum, and zinc (in that order).

dB is an abbreviation for decibel. Decibels are a method of expressing power or
voltage ratios. The decibel scale is logarithmic. It is often used to express the
efficiency of power distribution systems when the ratio consists of the energy put
into the system divided by the energy delivered (or is some cases, lost) by the
system. Our instrument measures return loss. The formula for decibels is: dB =2~
log (Vi/V1) where Vi is the voltage of the incident pulse, V1 is the voltage reflected
back by the load, and log is the decimal-based logarithmic function. The dB vertical
scale on our instrument refers to the amount of voltage gain (amplification) the
instrument applies to the signal before displaying it. For example, when the
instrument is amplifying the voltage by one hundred, the dB scale would read 40
dB, which is 20 log 100.

Direct current is a method of delivering electrical energy by maintaining a constant
flow of electrons in one direction, Even circuits designed to generate only AC often
have a DC component.

{see Insulation}

A mathemaltical term that refers to the set of numbers that can be put into a function
{the set of numbers that comes out of the function is called the “range™. A
time-domain instrument performs its function by measuring time.

The total opposition (o the flow of electrical energy is a cable or circuit. Impedance
is made partly of resistance (frequency independent) and partly of reactance
(frequency dependent). Although impedance is expressed in units of Ohms, it must
not be confused with the simple resistance that only applies to DC signals.
Technically, impedance is a function of the frequency of the electrical signal, so it
should be specified at a frequency. As a practical matter, the impedance of most
cables changes very little over the range of frequencies they are designed for.

A point in acable or system where the incident electrical energy is redistributed into
absorbed, reflected, and/or transmitted electrical energy. The transmitted electrical
energy atfter the mismatch is less than the incident electrical energy.

The pulse of electrical energy sent ocut by the TDR. The waveform shown by the
TDR consists of this pulse and the reflections of it coming back from the cable or
circuit being tested.

{see Reactance)
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Insulation

Jitter

LCD

Millirho

Noise
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A protective coating on an electrical conductor that will not readily allow electrical
energy to flow away from the conductive part of the cable or circuit. Insulation is
also called diglectric. The kind of dielectric used in a cable determines how fast
electricity can travel through the cable (see Velocity of Propagation).

The short term error or uncertainty in the clock (timebase) of a TDR. If the timing
from sample to sample is not exact, the waveform will appear to move back and forth
rapidly.

An acronym for Liquid Crystal Display. It is the kind of display used on this
instrument, so the terms display and LCD are often used interchangeably.

rho (p) is the reflection coefficient of a cable or power delivery system. It is the ratio
of the voltage reflected back from the cable or circuit due to cable faults or an
impedance mismatch at the load, divided by the voltage applied to the cable.
Millitho are thousandihs of one rho. Rho measurements are often used to judge how
well the cable is matched to the load at the other end of the cable. If there is an open
circuit in the cable, nearly all the energy will be reflected back when a pulse is sent
down the cable. The reflected voltage will equal the incident pulse voltage and rho
will be +1. If there 1s a short circuit in the cable, nearly all the energy will be
delivered back to the instrument through the ground or return conductor instead of
being sent to the load. The polarity of the reflected pulse will be the opposite of the
incident pulse and rho will be --1. If there 1s no mismatch between the cable and the
load, almost no energy will be reflected back and rho will be 0. In general, a Joad
or fault with higher impedance than the cable will return a rho measurement of { to
+1, and a load or fault with a lower impedance will return a rho measurement of 0
to —1. The scale for rho measurements is determined by the height of the incident
puise. A pulse two divisions high means that each division is 0.5 rho (500 miliirho).
A pulse set to be four divisions high would make each division 0.25 rho (250
millirhe). '

Any unwanted electrical energy that interferes with a signal or measurement. Most
noise is random with respect to the signals sent by the TDR to make a measurement
and will appear on the waveform, constantly constantly moving up and down on the
display. The NOISE FILTER control sets how many waveforms will be averaged
together to make the waveform displayed. Noisy waveforms appear to fluctuate
around the real signal. Because it is random, noise will sometimes add to the real
signal and sometimes subtract energy from the real signal. By adding several noisy
waveforms together, the noise can be “averaged” out of the signal because the
average amount of noise adding to the signal will be nearly the same as the average
amount of noise subtracting from the signal. More waveforms in an average are
more likely to approach the real signal (although it takes longer to acquire and add
together more waveforms).
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Open Circuit

Precision

Reactance

Reflectometer

Resistance

Resolution

Return Loss

Rho (p)
Risetime

RMS

Sampling Efficiency

Glossary-4

In a cable, a broken conductor will not allow electrical energy to flow through it
These circuits are also called broken circuits. The circuit is open to the air (which
looks like a very high impedance).

The statistical spread or variation in a value repeatedly measured, generated, or
displayed under constant conditions. Also called repeatability.

A conductor’s opposition to the flow of AC electrical energy through it. All
conductors have some reactance. Reactance is made up of capacitance and
inductance. Capacitance is the ability of conductors separated by thin layers if
insulation (dielectric) to store energy between them. Inductance is the ability of a
conductor to produce induced voltage when the electrical current through it varies.
All conductors have some capacitance and inductance, so all conductors have some
reactance, which means they all have impedance.

An instrament that uses reflections to make measuremenis. Our reflectometers use
electrical energy that 1s reflected back from points along a cable,

A conductor’s opposition to the flow of DC electrical energy through it All
conductors have a certain amount of resistance. Resistance 1s the low (or zero)
frequency part of impedance.

For a given parameter, the smallest increment or change in value that can be
measured, generated, or displayed.

The amount of energy reflected or returned from a cable indicates how much the
impedance in the system is mismatched. The ratio of the energy sent out by the TDR,
divided by the energy reflected back, expressed in the logarithmic dB scale, 1s called
return loss.

(see Millirho)

The time it takes a pulse signal to go from 10% to 90% of the change in voltage.

An acronym for Root Mean Squared. RMS is a way of measuring how much
deviation there is from a known (or desired) waveform. It is also the method used
to calculate how much power is contained in an AC waveform.

Our instrumnents make measurements by taking a succession of samples in time and
displaying them as a waveform with voltage on the vertical scale (up and down) and
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Series Loss

Short Circuit

Stability

TDR

Velocity of Propagation
(Vp)

Waveform Averaging
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time along the horizontal scale (across the display). The circuitry that captures and
holds the samples cannot instantly change from one voltage level to another. It might
take the circuit several samples to settle in at the new voltage after a rapid change
in the waveform. How efficiently the circuit moves from one sampled voltage level
to the next is called sampling efficiency. If the efficiency is too low, the waveforms
will be smoothed or rounded. If the efficiency is too high (above 100%), the circuit
will actually move beyond the new voltage level in a phenomenon known as
overshoot, which becomes an unwanted source of noise in the waveform.

Conductors all have some DC resistance to the flow of electrical energy through
them. The amount of resistance per unit length is usually nearly constant for a cable.
The energy lost overcoming this series resistance is called series loss. The series loss
must be compensated for when measuring the retum loss or impedance mismatch
at the far end of long cables.

In a cable, a short circuit is a place where the signal conductor comes into electrical
contact with the return path or ground conductor. The electrical circuit is actually
shorter than was intended. Short circuits are caused by worn, Ieaky, or missing
insulation.

The change in accuracy of a standard or item of test equipment over an extended
period of time. Unless otherwise specified, the period of time is assumed to be the
calibration interval (might also apply to range, resolution, or precision as a function
of time). The term stability might also be used to denote changes resulting from
environmental influences, such as temperature, humidity, vibration, and shock.

An acronym for Time-Domain Reflectometer. These instruments are also called
cable radar. They send out pulses of energy and time the interval to reflections. If
the velocity of the energy through the cable is known, distances to faults in the cable
can be displayed or computed. Conversely. the speed that the energy travels through
a cable of known length can alse be computed. The way in which the energy 18
reflected and the amount of the energy reflected indicate the condition of the cable.

Electrical energy travels at the same speed as light in a vacuum. It travels slower than
that everywhere else. The speed that it travels in a cable is often expressed as the
relative velocity of propagation. This value is just a ration of the speed in the cable
1o the speed of light (so it is always a number between 0 and 1). A velocity of
propagation value of 0.50 indicates that the electrical energy moves through the
cable at half the speed of light.

{see Noise)
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A

AC (see Power}

Accessories, 3-19
Optional, 3~19
Standard, 319

Altitude Spec, A-4

B

Battery (see Power)
Battery Pack Spec, A-3
BNC Connector, 3-19
Bridge, 3-2

C

Cable
Length vs, Pulse, 1-13, 2-9
Open, 1-14
Scrolling, 2-7
Short, 1-13, 2-16
Test Procedure, 1-12
Distance to Fault, 1-12
Horizontal Set Reference, 1-21
Reflection Coefficient, 1-16
Return Loss, 1—15
Store Waveform, 1-18
Vertical Set Reference, 1-23
View Difference, 1-18
View Input, 1-17
View Store, 1-18
Cable Connection Spec, A-2
Cable Types, 1-11
Carrier, 3-2, 3-9
Characteristics
Electrical, A-1, A-2, A-3
Ethernet, 316
Environmental, A—4
Physical, A—4
Cheapernet, 3-2
Checks {see Performance Checks)
Collision, 3-2
Connectors
BNC - BNC, 3-19
BNC 1o Alligator, 3-19
BNC 10 Banana, 3-19
BNC to Binding Post, 3-19
BNC to F Type, 320
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BNC to GR, 3-20

BNC to Hook Tips, 3-19

BNCto N Type, 3-19

BNC to UHF, 3-19
Controls

Cable Connector, 1-3

Distance / Division, 1-5

Front Panel, 1-4, 1-5

Horizontal Position, 1-6

Impedance, 1-5

Menu Button, 1-6

Noise Filter, 15

Power, 1-6

Pulse Width, 1-6

Store Button, 1-6

Velocity of Propagation, 1-6

Vertical Position, 16

Vertical Scale, -5

View Difference Button, 1-6

View Input Button, i-6

View Store Button, -6
Carsor Spec, A-2

D

Delta Mode, 2-11
Depth Spec, A4

E

Electromagnetic Spec, A4
Error Messages, C-3
Fthernet, Test Procedure, 3-5
Ethernet
Bridge, 3-2
Carrier, 3-9
Collision, 3-10
Custom Tests, 310
Electrical Characteristics, 3—16
Frequency Response Curve, 3—17
Introduction, 34
Meny, 37
Carrier, 3-8
Coliision, 3-9
Single Sweep, 3-8
Termination, 3-7
N-Type Female T-Connector, 3-6
N-Type Male T-Connector, 3-5
Repeaters, 3-2
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Segments, 3-2 Manual Changes, vii
Servers, 3--2 Max Hold (see Maximum Hold)
Specifications, 316 Maximum Hold, 1-24, 218
Taps, 3-2, 3-10 Menu, 1-7, 1-24, 21, 218
Termination, 3-9, 310 Cables, 1-7
Testing Networks, 33 Diagnostics, 1-8
Transceivers, 3~2 Chart Recorder, 1-9
Typical System, 3--3 Head Alignment, 19
What is it?, 3~1 LCD Chart, 19
Waveform Signatures, 310 Front Panel, 1-8
1LCD, 1-8
Alignment, 1 ~8
F Contrast, 1-9
Drive Test, 1 -9
Featares (see Menu) Response Time, 1-8
Frequency Response Curve, 3-17 Service, 1-8
Fungus Spec, A—4 Impedance, 1—8
Fuse, 3-19 Noise, 1-8
et Offset / Gain, 1-8
Fuse (see Power) RAM/ROM, 1-8
Sampling Efficiency, i~8
Timebase, 1—8
G Display Conirast, 1-10
Getting Started, 2--2 EMm;i;d;Hi?’ =
Maximum Held, 1-24
H Option Port, 1-9
Debugging. -9
Handling, 1-1 DiagHOStiC, 1-9
Height Spec, A-4 Timing, -9
Help, 2-1 Pulse, 1-25
Horizontal Scale Spec, A-2 Setup, 1-7
Horizontal Set Reference, 1-21, 211 Acquisition Control, 1-7
HORZ SET REF (see Horizontal Set Reference) Backlight, 1-8
Humidity Spec, A—4 Distance / Division, 1-7
Maximum Hold, 1-7
Pulse, 1-7
I Single Sweep, 1-7

Vertical Scale, 17
Single Sweep, 1-26
Velocity of Propagation, 1-7
View Stored Waveform, 1-9

Impedance (see also Controls), 1-5
Impedance of Cables, 1-11
Indicators, 15

Inspection, viii

Isolation Network, 320

N

L Noise {see also Controls), 1-5, 2-9
. Reduced, 210
;‘TSE OI: ;’gb‘gms* i Noise Filter, 2-11, 212, 2-13
_ist of Tables, vi .
’ Noise Spec, A~
Loss, 1-15 015 Spec
Open, 114, 2--3

Maintenance, C~1
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Option Port Cover, 319

Options, vii, 31
Battery Pack (03), 3—1
Chart Recorder (043, 3-1
Chart Recorder (07), 3-17
Ethernet (06), 3-1
Metric Default (05}, 3-1
Power Cords, 318
Teken Ring Adapter (08), 317
Token Ring Interface (10), 3-18
USOC (09), 318

P

Performance Checks, B~1
Aberrations, B-6
Conclusions, B~11
Equipment Required, B~1
Horizontal Scale, B-2
Impedance, B-6
Noise, B-3
Offset / Gain, B-3
Sampling Efficiency, B-6
Set Up, B=2
Vertical Position, B—4

Pouch, 3-19

Power
AC, viii
AC Receptacle, -2
Battery, vii, vii

Low Indicator, 1-3
Battery Pack
Careof, 1-2
Charging, 1-2
Cords, 3-18
Safety, xit
Fuse, xii, 1-2
Fuse Rating, 1-2
Requirements, viii
Safety, xi
Source, vii
Voltage Rating, 1-2
Voltage Selector, -2
Voltages. 11

Product Description, vii

Puise {see Confrols), 1-6, 1-13, 1-25, 21, 2-9, 2-20
1000ms, 2-8
100ns, 2-8
10ns, 2-8
2ps, 2-7
Incident, 2--3, 25, 211, 212
Reflected, 2-3, 2-11, 2-12
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Puise Inverter, 3-20
Pulse Spec, A-1

Q

Questions and Answers, 2-23

R

References, vii

Reflection Coefficient, 1-16
Repacking, viii

Repeaters, 3-2

Return Loss, 1-15

S

Safety
Covers, xii
Explosive Atmosphere, xii
Grounding, xii
Symbols, xi
Terminology, xi
Safety Summary, xi
Salt Atmosphere Spec, A-4
Sand and Dust Spec, A—4
Scale (see Controls)
Segments, 3~2
Servers, 32
Service Manual, 3-19
Ship Carton Strength, ix
Shock Spec, A-4
Short, 1-13, 2-4, 216
Single Sweep, 1-26, 2-21
Slide Rule, 3-19
Specifications, A-1
Electrical, A~1, A~2, A-3
Environmental, A-4
Physical, A—4
Store, 2-15
Store the Waveform, 1-18

T

Table of Contents, §

Taps, 3-2, 3-10

Temperature, Low, 1-3

Terminator, 3-2, 3-5, 3-6, 3-9, 3-10, 3-19
Test Cable, 3—19

Thin Ethernet, 3-2
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ThinWire, 3-2
Token Ring
Adapter, 3-20
Intertace, 3-20
Transceivers, 3-2
Troubleshooting, C-1
Tatorial, 21

U

Unpacking, viii
USOC Adapter, 3-20

v

Velocity of Propagation {see also Controls), 1-6, 1-10
Table of Types, 1-10
Unknown Vp, 1-11

Velocity of Propagation Spec, A-2

Index—4

VERT SET REF (see Vertical Set Reference)
Vertical Scale, 25, 2-13

Vertical Scale Spec, A-1

Vertical Set Reference, 1-23, 212
Vibration Spec, A-4

View Diff (see View Difference)
View Difference, 1-18, 2-17
View Input, 117, 2-14

View Store, 1-18, 215

Voltage (see Power)

Voltage Spec, A3

Vi (see Velocity of Propagation)

w

Water Resistance Spec, A4
Waveform Storage, 1-18
Weight Spec, A4

What is a 1503B7, 21
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