Tektronix

COMMITTED TO EXCELLENCE

PLEASE CHECK FOR CHANGE INFORMATION
AT THE REAR OF THIS MANUAL.

1502B METALLIC
- «TIME DOMAIN

o

REFLECTOMETER
OPERATOR MANUAL
Tektronix, Inc.
P.O. Bex 500
Beavertion, OR 97077
070-6266-01 First Printing OCT 1987
Product Group 22

REV JUL 1988
'www.valuetronics.com


https://www.valuetronics.com/

Copyright © 1987 and 1988 Tektronix, Inc. All rights reserved.
Contents of this publication may not be reproduced in any form
without the written permission of Tektronix, Inc.

Products of Tektronix, Inc. and its subsidiaries are covered by
U.S. and foreign patents and/or pending patents.

TEKTRONIX, TEK, and are registered trademarks of Tek-
tronix, Inc.

Printed in U.S.A. Specification and price change privileges are
reserved.

www.valuetronics.com



Certificate of the Manufacturer/importer

We hereby certify that TDR Model 15028 complies with the RF interference Suppression requiremenis of
Amtsbi.-Vig 1046/1984. The German Postal Service was notified that the eguipment is being marketed. The
German Postal Service has the right to re-test the series and to verify that it complies.

TEKTRONIX
Bescheinigung des Herstellers/importeurs’

Hiermit wird bescheinigt, daf das TDR Modell 15028 in Ubereinstimmung mit den Bestimmungen der
Amtsblatt-Verfligung 1046/1984 funkentstort ist. Der Deutschen Bundespost wurde das Inverkehrbringen

dieses Gerdles angezeigt und die Berechtigung zur Uberprufing -der Serie auf Einhalten der Bestimmungen
gingeralimt.

TEKTRONIX

iR

NOTICE to the user/operator:

The German Postal Service requires that this equipment, when used in a test setup, may only be operated if the
reguirements of Postal Regulation, Vig. 1046/1984, Par, 2, Sect. 1.7.1 are complied with.

HINWEIS fiir den Benutzer/Betreiber:

Dies Gerat darf in MePBaufbauten nur betrieben werden, wenn die Voraussetzungen des Par. 2, Ziff. 1.7.1 der
Vig. 1046/1984 eingehalten werden.
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OPERATOR SAFETY SUMMARY

The general safety information in this part of the
summary is for both operating and servicing person-
nel. Specific warnings and cautions will be found
throughout the manual where they apply, but may not
appear in this summary.

Terms

in This Manual:

CAUTION statemenits identify conditions or practices
which could resuit in damage to the equipment or
other property.

WARNING statements identify conditions or prac-
tices which could result in personal injury or loss of
life. '

As Marked on Equipment:

CAUTION indicales a personal injury hazard not
immediately accessibie as one reads the marking, or
a hazard to property including the equipment itself.

DANGER indicates a personal injury hazard immedi-
ately accessible as one reads the marking.
Symbols
In This Manual:

A This symbol indicates, where applicable,

cautionary or other information is fo be
found.

As Marked on Equipment:
b DANGER High Voltage
A ATTENTION refer to manual.

@ Protective ground (earth) terminal.

www.valuetronics.com

Power Source

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 sup-
ply conductor and ground. A protective ground con-
nection by way of the grounding conductor in the
power cord is essential for safe operation.

Grounding the Product
This product is grounded through the grounding con-

‘ductor of the power cord, To avoid electric shock,

plug the power cord into a properly wired receptacls
before connecting to the product input or output ter-
minals. A protective ground connection by way of
the grounding conductor in the power cord is essen-
tial for safe operation.

Danger Arising From Loss of Ground
Upon loss of the protective-ground connection, all

accessible conductive parts (including knobs and -

controis that appear to be insulating) can render an
electric shock.

Use the Proper Power Cord

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

The standard power cord (161-0228-00) 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 ser-
vice personnet.

1-1
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Use the Proper Fuse

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

Refer fuse replacement to qualified service person-
nel.

Do Not Operate in Explosive
Atmospheres

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

Do Not Remove Covers or Panels

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

1-2 .
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'INSTALLATION AND REPACKING

Unpacking and Initial Inspection

Before unpacking the 1502B from its shipping con-
tainer or carton, inspect for signs of external damage.
li.the carton is damaged, nolify the carrier. The ship-
ping carton contains the basic instrument and its
standard accessories. Refer to the replaceable parts
list in the Service Manual for a compilete listing.

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

The instrument was inspected both mechanically and
electrically befcre shipment. It should be free of
mechanical damage and meet or exceed all electrical
specifications. Procedures to check operational per-
formance are in the Operator Check Procedure in the
Specification Section. This check should satisfy the
requirements for most receiving or incoming inspec-
tions. The electrical Performance Check Procedure
is part of the Service Manual,

Power Source and Power Requirements

The 15028 is intended to be operated from a power
-source that will not apply more than 250V 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 conneclor is a three-way polarized
plug with the ground (earth) lead connected directly
o the instrument frame to provide electrical shock
protection. If the unit is connected to any other
power source, the unit frame must be connecled 1o
earth ground.

Power and voltage requirements are printed on the
back panel. The 1502B can be operated from either
115 VAC or 230 VAC nominal line voltage, at 45 1o
440 Hz, a 12 VDC supply, or a batter pack.

Further information on the 1502B power reguire-
menis can be found in the Operator Safety Summary
in this section and in the Operator section.

REV MAR 1988
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Repacking for Shipment

When the 15028 is o be shipped to a Tektronix Ser-
vice Center for service or repair, attach a tag show-
ing the name and address of the owner, name of the
individual at your firm that can be contacted, com-
plete serial number, and a description of the sarvice
required. if the original packaging is unfit for use or
is not available, repackage the instrument as follows:

1. Obtain a carion of corrugated cardboard having
inside dimensions that are at least six inches
greater than the eguipment dimensions to allow
for cushioning. The test strength of the shipping
carton should be 275 pounds (102.5 kg}. Referto
the following table for test strength recuirements,

SHIPPING CARTON TEST STRENGTH
Gross Weight {Ib) Carton Test Strength (ib)
0-10 200
10-30 275
30-120 375
120-140 500
140-160 600

2. Install the front cover on the 15028, and surround
the instrument with polyethylene sheeting o pro-
tect the finish.

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

4. Seal with shipping tape or an industrial stapler.

If you have any questions, contact your local Tek-
tronix field office or representative.

T

E CAUTION

Lo,

The Option 03 battery pack should be
removed from the instrument before ship-
ping. If necessary to ship the battery, it
should be wrapped and secured
separately before being packed with the
instrument.

1-3



www.valuetronics.com



OPERATOR SECTION

This Section

v General Information
Handling Information
Powering the 15028
Care of the Optional Battery Pack
Battery Charging Information
Low Battery
Low Temperature Operation

. Operator Instructions

. Operator Tutorial

s  Operator Maintenance

. Questions and Answers

e  Glossary -

General Information

Handling Information

The 15028 front panel is protected by a watertight cover in which 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.

Inside the case at the back of the instrument is a moisture absorbing canister containing silica gel. In extremely
wet environments it may be necessary to periodically remove and dry the canister. This procedure is explained in
the 15028 Service Manual.

The 1502B can be stored.in temperatures ranging from —62°C o +85°C. However, it the temperature is below
~40°C or exceeds +55°C, the battery pack should be removed and stored. Battery storage temperature shouid be

between ~40°C 10 +55°C.
Power ing the 15028 O REMOYE  REMoYE
- i W W
- In the field, the 1502B can be powered using the 1

optional internal battery pack: 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 ditfers from the vol-
tage available, it can be easily changed. Simply
remove the protective cap on the rear panel and
select the proper voltage range with a screwdriver.

i
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15028 Operator - Instructions

The 1502B is intended to be operated from a power source that will not apply more than 250V 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 connected 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 an earth ground. See more information in the Safety and Installation section.

Y

S CAUTION 2
If you 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.

FUSE RATING VOLTAGE RATING
250V NOMINAL RANGE

0.3AT 115 VAC | 90-132 VAC

0.15AT 230 VAC | 180-250 VAC

Care of the Optional Battery Pack

[P v g S B B g

LY
: CAUTION «

PV W v S v

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

The 15028 can be powered by an optlional rechargeable nickel-cadmium battery pack that is easily accessible
fram the back of the instrument without removing the case. When AC power is applied, the battery pack is
charged at a continuous rate of approximately 150 mA.

The battery pack will operate the 15028 for a minimum of five continuous hours (including 20 chart recordings).

Battery Charging Information

The battery pack will charge fully in 16 hours when the instrument is connected, via the power cord, to an AC
pawer source with the instrument turned off. The instrument 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 par-
tigl 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 operaied in temperatures ranging
fram —15°C 10 +55°C.

4
S CAUTION |

4
Pl oV o g i S ar e

Do not charge battery pack below 0° C or above 45° C. Do not discharge battery pack below -20° C or
above 65° C. Do not use this insfrument outside these parameters or the Datteries may emit explosive
gas (hydrogen). If removing the battery pack during or after exposure to these conditions, turn the
instrument off and remove the AC power cord. Move the instrument lo an ignition-free area before
removing the battery pack.

22 . REV NOV 1987
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1502B Operator - Instructions

if the instrument is operated beyond the previously stated fimits, turn off the instrument and either disconnect the
AC power or remove the battery pack.

The battery pack should be stored within a temperature range of —40°C to +55°C. However, the self-discharge
rate will increase as the temperature increases.

if the instrument is shipped, the battery pack shouid be removed. If the instrument is stored with the battery pack
installed, the battery pack should be charged every thirty days, or the battery pack removed. A fully charged bat-
tery pack will lose about 50% of its capacity in three to four months if stored between +20°C and +25°C.,

The batteries can be damaged by reverse charging. This can occur when an individual cell becomes discharged
before the others, and current from the other cells flow in a reverse direction through the discharged cell. Reverse
charging may develop because of individual cell aging, partial charging of the battery pack or if a single cell has
been replaced rather than the entire pack. '

Low Battery

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 1502B within minutes. Eitherreplace 3
the battery pack, switch to AC power, or work fast. If :
the instrument is equipped with a chart recorder,
using the recorder will further reduce the battery

level, or the added load may shut down the instru-
ment. Y Jbetflow P i f 0.000 1

Protection circuits in the charger prevent deep E “““““
discharge of the batieries during instrument opera- R ERRTETETE EEEEE EERE
tion. The circuits automatically shut down the instru-  § : : : i : : : ;
ment whenever battery voltage fails below approxi- -
mately 10 V. ¥f shutdown occurs, the batteries o

should be fully recharged before further use. ¥

NOTE: Turn the POWER switch off after instrument E;,,,,i,.-.,-;----;_-_-_----..----i",--___-i__--i-___
shutdown to prevent continued discharge of the bat- ! avse 300 mP 200 f4

teries.

NOTE: Under low AC line voltage conditions, the AC
fuse ratings may be exceeded if the battery is fully
discharged and a chart recording is being made.
Allow the battery to charge for about one hour before
attempting to make a chart recording, or use AC
only.

Low Temperature Operation

When operating the 1502B 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 norral operations. Depending on the surrounding temperature, it
may take up to 15 minutes to completely warm the crystals in the LCD. Once warmed, the display will operate
normally.

REVNOV 1987 ' ' 2.3
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15028 Operator - Instructions

OPERATOR INSTRUCTIONS

Preparing to Use the 1502B

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

@ ///: H METALuc 108 wwmfém——-—wﬂ
N © Tektronix  1502B el o | Ol
™ 7 - O t‘ il

@ i MENL ¢oac : ; : : : 0.000 ft ] i | i
5 O T I H b i
@-J B F e e -
\"“-'« T view %: N A pgqnm E ‘} I
@ STORE r ; ! '
S m— Lo I i
T = r © : b

I J i It

@ }E_ SToRE f»"-?' b : : : : : : : : | I ,
- T R I T | ‘l

e |

| e hntiovat NOISE FILTER  VERT SCALE nIst/OIY | I ”

ol POWER b

— s

/
©® 00 ©

15028 Front Panel Controls
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15028 Operator - Instructions

Front Pane! Controls

The 1502B uses a step-type test signal for its measurements. For simplicity it
is referred to in this section as a pulse.

@ CABLE

A female BNC connector for attaching a cable to the 15028
for testing.

@ NOISE FILTER

If the displayed waveform is noisy, the apparent noise can be
reduced by using noise averaging. Averaging settings are NOISE FILTER
between 1 and 128. The time for averaging is direclly pro-
portional {o the averaging setting chosen. A 128 setting may
{ake the instrument up to 35 seconds to acquire and display.
The first two positions on the NOISE FILTER controi are

used for setting the vertical and horizontal reference points. veRT SET HEF
Selected value or function is displayed above the control on
the LCD.
@ VERT SCALE
VERT SCALE

Sets the vertical sensitivity displayed in mp per division or
vertical gain in dB. Although the instrument defaults to mil-
lirho, the operator may choose which mode from the menu
{“Set Up Menu™). Selected value is displayed above the con-
frol on the LCD.

@ DIST/DIV

Determines the number of feet (or metres) per division

across the display. Minimum setting is 0.1 f/DIV (.025

metres); maximum setting is 200 fYDIV (50 metres). DIST/DIV
Selected value is displayed above the control on the LCD. A

standard instrument defaults to ft/DIV. A metric instrument

{Option 5} defaults to my/DIV, but either metric or standard

can be changed temporarily from the menu. The default can

be changed by changing an internal jumper. (See Service

Manual).

. 2-5
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Vp {Velocity of Propagation)

These controls are set according to the propagation velocity
factor of the cable being tested. For example, solid

- polyethylene commonly has a Vp of 066 Sold
polytetraflouroethylene (Teflone) is approximately 0.70. Air
is 0.99. The controls are decaded: the left control is the first
digit; the right control the second digit. For example, with a
Vp of 0.30, the first knob would be set to .3, the second knob
10 .00.

@ POWER

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

@ ¢ POSITION

This is a continusously rotating control that positions the
displayed waveform up or down the LCD.

< POSITION

This is a continuously rotating control that moves a vertical
cursor completely across 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 is
displayed {7-digit maximum} in the upper right hand corner of
the 1.CD, displaying the distance from the front panel BNC to
the cursor.

Another feature of the cursor is the “ohms-at-cursor”
readout. This menu selecied feature calculates the
impedance of the cable at the cursor. See “Ohms-at-Cursor”
instructions in this section for the limitations of this feature.

@ MENU

Provides access o the menu, and also selects items chosen
from the menu.

VIEW INPUT

When pushed momentarily, this button toggles the display of
the waveform acquired at the CABLE connector. This func-
tion is useful to stop displaying the current waveform to aveid
confusion when looking at a stored waveform. Furcicn
defaults to ON when instrument is powered up.

wWww.valuetronics.com

POWER

(PULL. ON)

A

< POSITION
> posITION

@

|

MENU

:

VIEW
INPUT




@ VIEW STORE

When pushed momentarily, this button togglss the display of
the stored waveform.

@ VIEW DIFF

When pushed momentarily, this button toggles the display of
the CURRENT waveform minus the STORED waveform.

@ STORE

When pushed momentarily, the waveform currently displayed
will be stored in the instrument memory. If a waveform is
already stored, pushing STORE momentarily will erase it.
The settings of the stored waveform are available from the
first level menu under "View Stored Waveform Settings”.

‘www.valuetronics.com
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VIEW
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VIEW

DIFF

STORE |F=
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MENU SELECTIONS

There are several “layers” of menu as explained below.

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

1.  Return to Normai Operation puts the instrument into Normal Operation mode.

2. Help with instrument Controis explains the operation of each control. When a control or switch is
adjusted or pushed, a brief explanation appears on the LCD.

3. Cable Information has three menu choices:
Help with Cables gives a brief explanation of cable parameters.

Velocity of Propagation Values displays a table of common dielectrics and their Vo values.
These are nominal vaiues. The manufacturers listed specifications should be used whenever
possible.

Impedance Values displays impedances for common cables. In some cases these values have
been rounded off. Manufacturers specifications should be checked for precise values.

Finding unknown Vp values describes a procedure for finding an unknown Ve,

4. Setup Menu controls the manner in which the instrument obtains and displays its test resuits.
Acquisition Control Menu has three choices.

Max Hold is: on or off. Set up by pushing MENU, then activated by pushing STORE. In
this mode, waveforms are accumulated on the display. MAX HOLD can be deactivated by
pushing STORE or the mode exited by using the Setup menu.

Pulse is: onor off. Turns the pulse generator off so the 15028 does not send out pulses.
Single Sweep is: on or off. This function is much like a still camera: # will acquire one
waveform and hold it
Onhms-at-Cursor is: on or off. When activated, the impedance at the point of the cursor is
displayed beneath the distance window on the display.

Vertical Scale is: offers 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 default to millirho
when powered back up.

Distance/Div is: offers a choice as to how the horizontal scale of the instrument displayed. You
may choose from feet per division, or metres per division. When powered up, the instrument will
default to feet per division unless specified by an internal jumper. Instructions on changing this
default to metres are contained in the Service Manual.

Light is: on or off. This control turns the electroluminescent backlight behind the LCD oft and on.

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

REV MAR 1888

Service Diagnostics Menu

Sampling Efficiency Diagnostic displays a continuous efficiency diagnostic of the sam-
pling circuits.

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

Offset/Gain Diagnostic reports out of tolerance steps in the programmable gain stage.
This can help a service technician quickly isolate the cause of waveform distortion prob-
lems.

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

Timebase is: Normal - Auto Correction, or Diagnostic - No Corsrection. When in Normal,
the instrument compensates for variations in temperature and voitage. This condition may
not be desirable while calibrating the instrument. While in Diagnastic - No Correction, the
circuits will not correct for these variations,

Front Panel Diagnostic aids in testing the front panel.
LCD Diaghostics Menu

LCD Alignment Diagnostic generates a dot pattern of every other pixel on the LCD.
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 can give an indication as 1o the effec-
tiveness of the LCD heater in a cold environment.

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

Contrast Adjust allows you 1o adjust the contrast of the LCD. It generates an aliernating
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 G to 255
units, and is used by the processor to evaluate and correct circuit variations caused by tem-
perature changes in the environment.

Chart Diagnostics Menu offers various tests for the optional YT-1 chart recorder.

LCD chart allows adjusting the number of dots per segment and the number of prints
(strikes) per segment.

Head Alignment Chart generates a pattern to allow mechanical alignment of the optional
YT-1 chart recorder.

w.valuetronics.com
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6. View Stored Waveform Settings displays the instrument settings for the stored waveform.

7. Option Port Menu contains three items. Two items allow configuration of the option port for communicating
with devices other than the optional YT-1 chart recorder, and one item that tests the option port.

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

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

Option Port Debugging is: OFF - Quiet, or ON - Verbose, chooses how detailed the error message
reporting will be when communicating with an external device.

It is possible to connect the instrument to a computer through a paraliel interface with a unique software
driver. Since different computers vary widely in processing speed, the instrument must be able 10 adapt o
difiering 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 protoco! and custom development methods available.

wiliw.valuetronics.com



Test Preparations

The importance of V, (Velocity of Propagation)

Vp is the speed of a signal down the cable given as a percentage of the speed of the signal in free space. ltis
sometimes expressed as a whole number (66), or a percentage (66%}). On the 1502B it is the percentage
expressed as a decimal number, e.g. 66% is .66. If you do not know the velocity of propagation, you can get a
general idea from the following 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 you do not know the Vi of your cable, it will not prevent you from finding a fault in your cable. However,
if Vo is set wrong, distance readings will be effected.

V: of Various Dielectric Types

1502B Operator - Instructions

Dielectric Probable V,
Jeily Fitled .64
Polyethylene {PIC, PE, or SPE) .66
PTFE (Teflons) or TFE 70
Pulp Insulation 72
Faam or Cellular PE {FFE) .78
Semi-solid PE {SSPE) .84
Air (Helical spacers) .98

www.valuetronics.com
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Finding an Unknown V,

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

Ve of .30 when it should have been .66 for 3
2.  Pull POWERoN. foot cable.

3. Turn DIST/DIV to appropriate setting. For
example, if trying to find the Vp of a 3 foot
cable, turn DIST/DIV to 1 f/DIV. Tumn
< POSITION untii the distance reading is the
same as the known cable length.

Ve of .89 when it should have been .66 for 3
foot cable,

4. Turn the Vp conirols until the cursor is resting
on the rising portion of the reflected pulse. The
Ve controls of the instrument are now sel io the
Vi of the cable.

Ve set correctly at .66 for a 3 foot cable,

2-12 ]
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Cable Test Procedures

Distance to the Fault
Be sure to read the previous paragraphs on Vo.
1. Setthe 15028 front panel: '

POWER On

CABLE Cable to BNC
NOISE FILTER 1 avg

VERT SCALE 500 mp
DIST/DIV (see below)
Ve {per cable)

2.  [f you know approximately how long the cable
is, set DIST/DIV appropriately. e.g. A 20 foot
cable wouid occupy 4 divisions on the LCD it 5
DIV were used. The entire cable would be
displayed.

If the cable length is unknown, set DIST/DIV to
200 f/DIV, and continue 10 decrease the
DIST/DIV setting until the reflected puise is visi-
ble. Depending on cable length and the
amount of pulse energy absorbed by the cable,
t may be necessary to increase the VERT
SCALE to provide more gain to see the
reflected pulse.

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

4. To find the distance to the fault or end of the
cable, turn @ POSITION urtil the cursor rests
on the leading edge of the rising or falling
reflected puise. Read the distance in the dis-
tance window in the upper right cormner of the
display.

www.valuetronics.com
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A more thorough inspection may be required. This i ac : § : : . 452,000 Tt
example will use a longer cable.
A S S I U Open: 10 i .. il
5. When inspecting a 452 foot cable, a setting of ﬂ g : : : ; X § : . i
50 t/DIV would allow a relatively fast inspec-
tion. If needed, turn up VERT SCALE to i i Shub-Rie SR
increase the gain. The higher the gain, the
smaller the fauits that can be detected. if noise N S SN SR T S - S N
increases, increase the NOISE FILTER setiting. i I
B P T e
i iollioio )i}

6. Change DIST/DIV to 20 fyDIV. The entire
cable can be inspecied in detail on the LCD.
“Turn the <= POSITION control s0 the cursor
travels to the far right side of the L.CD. Keep
turning, and the cable will be "dragged” across

the display in either direction.

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

2-14 -
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Reflection Coefficient Measurement

The reflection coefficient is a measure of the
impedance change at a point in the cable. 1t is the e m M am e —————
ratio of the signal reflected back from a point divided cac b 0,000
by the signal going into that point. it is designated by : : : : ' : : : :
the greek letter p and is written in this manual as E
“Rho”. The 1502B measures reflection coefficient in

millirho {rho times one thousand).

b
i
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To measure a reflection, adjust VERT SCALE 1o R SRS R ; - : e
make the reflection one division high. Read the '
reflection coefficient directly off the display above the
VERT SCALE control. For reflections that are 2 : : : : : : : : : :
greater than 500 mp/DIV, adjust VERT SCALE fora  "t----i--ssfemmmommemSomondomeadonemtnnnn fon et o
reflection that is two division high and muliply the

display VERT SCALE reading by two.

in a 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 flat line on the 15028 display.

"

..................................................

Small impedance changes, like those from a connec-
tor might have reflections from ten to one hundred
millirho (rho = .01 1o .1). If rho is positive, it indicates
an impedance higher than the impedance of the
cable before the reflection. it will show as an upward
bump or shift on the 1502B trace. if rho is negative,
it indicates an impedance lower than the impedance
of the cable before the reflection. It will show as an
downward bump or shift on the 15028 trace.

if the cable has an open or short, ali of the energy
sent out by the 15028 will be reflected. This is a
reflection coefficient of rho = 1 or +10G0 mp for the
open and ~1000 mp for a short.

Long cables have enough loss to affect the size of
reftections. This loss will usually be apparent as an
upward ramping of the trace along the iength of the
cable. In some cases the reflection coefficient meas-
urement can be corrected for this loss. See VERT
SET REF in this manual for details on making this
correction.
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Return Loss Measurement

Return loss is another way 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 the
absolute value of rho

The 1502B can be made to display in dB instead of
mp/DIV through MENU.

Press MENU, and select “Setup Menu”. Press
MENU and select Verical Scale is: Millirho.
Press MENU and the selection will change to
Vertical Scale is: Decibels.

Press MENU to exit from the Setup Menu and
press it again to return to Normal Operation.

To measure retumn loss with the 1502B, adjust the
reflected pulse to be two divisions high and read the
dB return loss directly off the LCD display. The
incident puise is set to be two divisions high at zero
dB automatically when the instrument is turned on.

A large return loss means that most of the pulse
energy was “lost” instead of being “returned” as a : : : _ ! : : : : :
reflection. The lost energy may have been sent B R L L ETETS SEER RS EEEEE ERRREEEREE
down the cable or absorbed by a terminator or load F : : : : ' : S
on the cable. A ferminator matched {o the cable

would absorb most of the pulse so its return loss

would be large. An open or short would reflect or
“return” all of the energy so its return loss would be

ZEero.

..................................................

b e e o v o e 2 o TR WD 3 M e T T W0 W W MY S T e T e T T T e T e e o
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Ohms-at-Cursor

The 1502B can compute and display what e e
impedance mismatch would cause a reflection as } ac i oo fo 0 Z.800 fU
high {or low) as the point at the cursor. This meas- | : : § : § : A
urement is useful for evalualing the first impedance
mismatch (first reflection) or small impedance
changes along the cable (such as conneclors and
splices).

This function can be selected in the “Setup Menu™.
Once it is enable the impedance value will be
displayed under the distance to the cursor.

The accuracy of the difference in impedance
between two points near each other on the cable is
much better than the absolute accuracy of any single
point measurement. For example a cable may vary
from 51.3Q to 58.4Q across a connector, the 7.1Q
difference is accurate to about 2%. The 51.3Q
measurement is only specified {0 be accurate to
10%.

The series resistance of the cable to the point at the
cursor affects the accuracy of the impedance meas-
ured directly. In a cable with no large impedance
changes, the series resistance is added to the read- : : : : : : : : : :
ing. For example the near end of a long 50Q coaxial ¢+ --i--rfpirsrrissrriosrederrrierrior et
cable may read 51.5Q and read 57.5Q several hun-  wi____ i . bl ol io i i llioooiooilioliiilllld
dred feet along the cable. The 6Q difference is due

{0 the series resistance of the cable, not to a change

in the impedance of the cable.

..................................................

..................................................

Another limitation fo the ohms at the cursor function  {™ : : : : ; Z0.000 £t
is that energy is lost going both directions through a  §--{- i - i il ity _ : :
fault. This will cause readings of points fartherdown .. 1.0 . i i o bbbt
the cable o be less accurate than points nearer the E : : : : : ' : : i
instrument.

- 1

urements past faults, since the larger the fault the
less accurate those measurermnents will be. Although
they do not appear as faulls, resistive pads (often
used to match cable impedances) also affect meas-
urements this way.

In general it is not wise to try to make absolute meas- ’{

1
...............................................

'
...............................................
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Using VIEW INPUT

When pushed on, the VIEW INPUT button displays
on the LCD the input at the front panel CABLE con-
nector. When this button is turned off, and no other
buttons are pushed, the display will not have a
waveform on . VIEW INPUT is on when the instru-
ment is powered up.

How to STORE the Waveform

When pushed on, the STORE button puts the current
waveform displayed into memory. !f already stored,
STORE will erase the stored wavetorm.

The front panel controls settings and the menu
accessed seftings are also stored. They are
accessed under “View Stored Waveform Settings” in
the first level in the menu. Press MENU.

Using VIEW STORE

The VIEW STORE button, when pushed on, displays
on the LCD the waveform stored in the memory as a
dotted line. i no waveform is in the memory, an
error message will appear.

2-18 -
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Using VIEW DIFF
When pushed on, the VIEW DIFF button displays on  {™ 3¢~ = 1 " 1T Th00

boac : : : : i 3.000 ft
the LCD the difference between the currentinputand -1 - ioriererior e
the stored waveform as adotted fine. Hnowaveform ... 0. . 1. . i .t | il b
has been stored, an error message will appear. The 5 B ancivermn- e e O
“difference” waveform is made by subtracting each ;| : f : : : : : : : :
point in the stored waveform from each point in the  RCZ2n 2T n il i I In I III T TII T I I

current input waveform.

NOTE: If the two waveforms are identical, i.e. if E_
STORE is pushed, and VIEW DIFF is immediately
selected, the waveforms would be identical, and the
difference would be zero. A straight line would be
displayed.

The VIEW DIFF waveform will move up and down
with the current input as you move the 6 POSITION
control. Any of the waveforms may be turned on and
off independently. You may wish {o turn off some
waveforms if the display becomes too “busy” or
confusing.

NOTE: Since the stored waveform is not effected by
changes in the instrument conirols, care shouid be
taken or the results could be misleading.

2-19
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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 dispiay. Push STORE to capture the
waveform. Remember, once it is stored this
waveform cannot be moved on the display.

2.  Move the current input waveform {the one you
want 1o compare with the stored waveform) to
the center of the display. Push VIEW STORE
and the stored wavefarm will appear above the
current input waveform,

3. Push VIEW DIFF and the diflerence waveform
will appear below the current input waveform.

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

2-20
www.valuetronics.com




15028 Operator - Instructions

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 YT-1
chan 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 verifying cable integrity before and after servicing
or periodic maintenance which reauires moving or
disconnecting the cable.

The VIEW DIFF function is useful when you want {o
see any changes in the cable. In some systems
there may be several reflections coming back from
each branch of the network. it may become neces-
sary to disconnect branch fines from the cable under
test 1o determine whether a waveform represents a
physical fault or is simply an echo from one of the
branches. The STORE and VIEW DIFF funclions
aflow you 1o see and compare the network with and
without branches.

Two important cautions should be observed when
using the VIEW DIFF function. If you change either
VERT SCALE or DIST/DIV you will no longer be
comparing features that are the same distance apart
or of the same magnitude on the display. It is possi-
ble to save a feature {e.q., a connector or tap) at one
distance down the cable and compare it to a similar
feature at a different distance by moving the
+ POSITION and ¢ POSITION controls. When this
is done great care should taken to make sure the
vertical and horizontal scales are identical for the two
waveforms being compared. i either the stored or
current waveform is clipped at the top or bottom of
the display the difference waveform will be effected.

2-21
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Using Vertical and Horizontal SET REF

HORZ SET REF (A Mode)

HORZ SET REF mode allows you to offset the dis-
tance reading. For example, a lead-in cable to a
switching network is 3 feet long, and it's desirable to
start the measurement after the end of the lead-in
cable. HORZ SET REF makes it simple.

1. Turn NOISE FILTER control o HORZ SET
REF. The noise reading on the LCD wiil read
“set A"

2.  Turn = POSITION fo set the cursor where you
want to start your distance reading. This is the
“new” zero reference point. For a 3 foot lead-in
cable the cursor wouid be set at 3 feet.

3. Bush STORE.

4. Turn NOISE FILTER control to 1 avg. The
instrument is now in HORZ SET REF, or
DELTA mode. The distance window reads
0.000 fiA. As the cursor is scrolled down the
cable, the distance reading will be from the new
zero reference point.

NOTE: Vo changes will affect where the reference is : : : : : : : : !
set on the cable. Set Ve, then Set A to the desired SRS SURUNPIY- VAR SURRPRY SRR SR U S puppa
location.
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5. To exit HORZ SET REF, use the fcllowing pro-
cedure:

a. Tum NOISE FILTER control to HORZ
SET REF.

b. Turn DIST/DIV to .1 #/DIV. (if distance
reading is extremely high, you may want
to use a higher setting initially, then turn
to .1 f/DIV for the next adjustment).

c. Turn «PQOSITION until the distance win-
dow reads 0.000 ft.

d. PushSTORE.

e¢. Turm NOISE FILTER to desired sefting.

'‘www.valuetronics.com
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..................................................

..................................................
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VERT SET REF

VERT SET REF works similar to HORZ SET REF,
except that it sets a reference for gain (pulse height)
instead of distance. This feature allows overriding
the automatic puise height circuit and adjusting the
pulse height manually.

1.  Turn NOISE FILTER f{ully counterclockwise.
“Set Ref” will appear in the noise averaging
window on the LCD. Adjust the incident pulse
1o the desired height (for example, four divi-
sions). 1t may be necessary to adjust
¢ POSITION.

2. Push STORE. Return NOISE FILTER to Al oo
desired setting. Note that VERT SCALE now : : : : : el

........................................

reads 500 mp/DIV, P o S

IMPORTANT

The millirho vertical scale will not be in
calibration after arbitrarily adjusting the
pulse height.

The millirho scale is the reciprocal of the number of
divisions the puise is set. For example, 1 puise
divided by 4 divisions equals 0.25mp eguals
250mp/DIV.
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Vertical Compensation for Higher Impedance

Cable

When testing cables other than 50¢2, this procedure

allows reflection measurements in millirho. T ae L TETTTTEITTTTYTTTTETTTTTTT {g“éﬁg FT

1. Attach a short sample of the given cable (75 Q g e
or the impedance in question). Adjust (
< POSITION control to position reflected puise : : . ; H : : : :

center screen.

------------------------------------------------

................................................

Turn NOISE FILTER to VERT SET REF.

3. Adjust VERT SCALE so reflected pulse (from
open circuit at far end of cable sampie) is two
divisions high.

4. Press STORE. Return NOISE FILTER fo
desired setting.

5 Adjust «POSITION control 1o desired position
on waveform to measure loss.

The instrument is now set to measure reflections in
millirho relative to sample cable impedance.

To measure refiections on a 50Q cable, Vert Set Ref v e W TR T
must be resel. : : : : i : .

To exit VERT SET REF

Turn NOISE FILTER to VERT SET REF.

Adjust VERT SCALE to obtain an incident g
puise height of two divisions. L A UG SO SO SFVIOUPI PR SRR SRR SRS

¢. Push STORE.
d. Turn NOISE FILTER o desired filter setting.

The instrument can be turned off and back on to
default to the two division pulse height.
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Additional Features
(Menu Selected)

Max Hold

The 15028 will capture and store waveforms on an
ongoing basis. This is useful when cable or wire is
subjected to intermitient or periodic conditions. The
15028 will monitor the line and display any fluctua-
tions on the LCD.

1. Attach cable fo 1502B front panel. Push
MENU. This will access the Main Menu.

2.  Scroll to “Set Up Menu”, and push MENLU.

3.  Scroll to “Acquisition Control Menu”, and push
MENU.

4.  Scroll to “Max Hold is; Off”, and push MENU.
“Max Hold is: Off" will change to “On”. The
monitoring function is now ready to activale.

5. Repeatedly push MENU until the instrument is
back in Normal Operation.

6. When ready to monitor, push STORE. The
15028 will now capture any changes in the
- cable,

7.  Exit active monitor mode by pushing STORE.

8. Exit Max Hold by accessing the “Acquisition
Control Menu”, turn oft MAX HOLD, and push
MENU repeatedly until instrument returns to
Normal Operation mode.
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Pulse On/Off

This feature puts the 1502B in a “listening mode” by
turning off the pulse generator.

1.  Attach cable to the 1502B front panel. Push
MENU. That will access the Main Menu.

2. Scrolito “Set Up Menu"”, and push MENU.

3. Scroll to “Acquisition Control Menu”, and push
MENU,

4. Scroll to “Pulse is: On”. Push MENU. “Pulse
is: On:” wili change to "Off”.

5.  Repeatedly press MENU unti instrument
returns to Normal Operation mode.

CAUTION

This function is used mastly for troub-
leshooting by qualified technicians. It is
not recommended you use the 15028 as
a stand alone monitoring device. The
input circuitry is very sensitive and can be
easily damaged by even moderate level
signals.

in this mode, the 15028 is acting as a
detector only. Any pulses detected will
not originate from the insfrument, conse-
quently distance readings will be invalid.
If listening to a local area network, for
example, it is possible to detect traffic, but
not possible to measure the distance fo
their origin.

“Pulse is: On/Off” can be used in conjunction with
“Max Hold is: On/Off”,

6. To exit Puise is: On/Off, access Acquisition
Menu and turn function off. Then, repeatedly
push MENU until instrument is in Normal
Operation mode.

www.valuetronics.com
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Single Sweep

The single sweep function will acquire one waveform
and display i.

1. Altach cable to 1502B front panel. Push
MENU. That will access the Main Menu.

2. Scrollto “Set Up Menu”, and push MENU.

3.  Scroll to “Acguisition Control Menu”, and push
MENU.

4. Scroll to “Single Sweep is: Off”, and push
MENU. “Single Sweep is: Off” will change to
“On”.

5. Repeatedly push MENU until the instrument is
back in the Normal Operation mode.

6. When ready to begin a sweep, push VIEW
INPUT. A sweep will also be initiated when you
change any of the front panel controis. This
aliows observing front panel changes without
exiting the Single Sweep mode.

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

7. To exit Single Sweep mode, go into the
Acquisition Menu and turn Single Sweep mode
off. Then, repeatedly push MENU unti the
instrument returns to the Normal Operation
mode.

2-28 -
www.valuetronics.com




1502B Operator - Tutorial

Operator Tutorial

The next few pages will demonstrate, step by step, the {eatures and uses of the 1502B.

What is the Tektronix 1502B?

The Tektronix 15028 Time Domain Reflectometer is a short range metallic cable tester capable of finding faults in
metal cable. Tests can be made on coaxial, twisted pair, or parallel cable.

How Does 1t Do 1t?

The 15028 sends an electrical pulse down the cable, and detects any reflections made by discontinuities. This ig
know as Time Domain Reflectometry. The 1502B is sensitive to impedance changes. Problems in the cable will
be detected and digplayed as changes in impedance along the cable. These will be displayed as hills and valleys
in the reflected pulse. The 1502B is capable of finding shorts, opens, defects in the shield, foreign substances in
the cable {water, etc.), kinks and more. Even though other instruments might show a cable as “good”, the 15028
can show many previcusly “hidden” faults.

YOU, the Operator

The 15028 is a highly accurate cable tester. It is easy to use, and will provide fast, accurate measurements.
Because of electricat and environment 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 1502B’s most impertant
feature. Experiment with different cables in known conditions and see how they compare. Subject cables to situa-
tions you might find in your application and learn their effects. We have included some examples of cable faulis in
this manual to help you gain familiarity,. With practice, you will guickly become familiar with even the most subtle
differences in waveforms.

The MENU Screens

The 1502B is equipped with various help screens. Simply press MENU for assistance. The instrument wilf prompt
you. More on MENU in the Operator Instructions located in this manual.
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Getting Started

Let's inspect a cable. For the next few examples,
we'll be using the 3 foot precision test cable provided
with the 1502B (Tek Part Number 012-0482-00).

1.  Pull on the POWER switch. The instrument will
initialize, give instructions for accessing the
menu, and enter “Normal Operation” mode.

2. Setthe 15028 front panel:

CABLE Attach 3 ft cable

NQISE FILTER 1 avg

VERT SCALE 500 mp (default)

DIST/DIV 1 #/DIV '

DIST/DIV (METRIC) 0.25 Metres

Ve .66
IMPORTANT

Ve {Velocity of Propagation) of the test
cable is imporiant for making accurate
distance measurements. If you do not
know the Ve factor of a cable, distance
readings will be directly affected. You
can get a general idea from the lable on
page 2-11, find the Vi with a sample
cable using the procedurse on page 2-12,
or use the Cable Information Menu. If it is
impossible to obtain the Vo of a cable, the
instrument will still show cable faults, but
the distance readings may be erroneous.
The test cable used in this tutorial has a
Ve of .66.

VERT SCALE will already be set to 500
mp/DIV (calied the “default setting”). The cur-
sor will be near the leading edge of the incident
pulse (at the point on the waveform represent-
ing the front panel). Other information
displayed includes the type of power used (“AC
or bat”), and the DISTANCE WINDOW, 0.000
ft. This data will be displayed when the instru-
ment is turned on in this manner. Push button
swilch status and other instrument functions
are also displayed.
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3. The rising pulse on the left is the {est pulse
(incident puise) leaving the instrument. The ris-
ing reflected pulse on the right displays the
echo coming back. Turmn < POSITION clock-
wise until the cursor rests on the rising edge of
the reflected pulse. The upper right corner of
the display (distance window) will read 3.000
feet. Note that the reflected pulise rises. This is
the classic signature of an open cable, a point
of higher impedance.

4. Adjust VERT SCALE control. This will
increase or decrease the height of the pulse.
Far accurate measurements, the pulse should
occupy most of the LCD. Note the LCD
displays the VERT SCALE setting in mp. For
now, set this control to 354 mp/DIV.

5. @POSITION moves the trace up and down the
display. Adjust for best viewing.

6.  Short the end of the cable with an electrical clip
or other suitable device. See the pulse take a
dive? Thal's the classic signature of a short, a
point of lower impedance. The distance win-
dow shouid still read 3.000 fi. if the short is not
directly across the conductors of the BNC, e.g.
needle nose pliers, the downward edge of the
waveform may be slightly past the cursor indi-
cating the length of the shorling device.
Remove the short,

With a little practice, you can identify many kinds of
cable faults.
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The Waveform Up Close

it helps to know the “ingredients” of the pulse.
Here's the waveform anatomy using the 3 foot test
cable as an example.

1. Turn < POSITION counterclockwise until the
distance window reads -2.000 #f. The cursor
will be on the far left side of the LCD, and the
reflecled puise will be at near center screen.
Set the 15028 front panel:

CABLE Attach 3 ft cable
{no short)

NOISE FILTER 1 avg

VERT SCALE 500 mp

DIST/DIV 11t

DIST/DIV (METRIC) 0.25m

Vo .66

2.  The first (left) step is the incident pulse as sert
from the pulse generator. The second step is
the reflected pulse as it bounces back from the
end of the cable. The reflected puise and the
distance {time) between pulses provides the
information needed for calculating the distance
between faults or the end of the cable.

3. Adjust ®POSITION so the cursor rests on the
rise of the incident puise. Note the distance
window reads approximately —0.520 ft. This is
the distance from the frant panel BNC connec-
tor 1o the pulse generator circuit board {where
the test puise is generated).

4.  Adjust VERT SCALE to approximately 25 mp.
Adjust  POSITION to keep the middle portion
of the pulse on the display. The bumps follow-
ing the incident pulse are aberrations from the
internal circuitry, and reflections between the
open end of the cabie and the front panel.
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A Longer Cable
Longer cables may not fit in the display. Let's

demonstrate with a longer cable. Tl TTTITTTTITTTTITTTRRTTTTRTTTTTTT 6”9’56'{{"“5
Obtain a known length of 50Q cable. For this exam- 5
ple, we're using a 50Q coaxial cable approximately /’4
452 feet long. Your cable length will likely differ, but  } L A
the following procedure remains fundamentally *‘f
correct for any cable length up to 2000 feet. @
Ho i
1. Setthe 15028 front panel: f S
CABLE Connect available
cable.
NOISE FILTER Tavg
VERT SCALE 500 mp A 452 300 ft
DEST/DtV 50ﬂ gi ........ 5
DIST/DIV (METRIC) 25m U S U U TN SRS S S P P :
v Approprite setting. & i A
o : : : : ' : : : H i
Fi

..................................................

2. With the above settings, we can view our entire ... i.... 0. ... i oo
cable. By pilacing the cursor at the rise of the

reflected pulse, we can see this particularcable ¢~ oL i E o
is 452.000 feet in length. Frmmmmdmm o fmm et m S s e e S s S m
3. By decreasing the DIST/DIV control, the cable ac : : : ] 362 900 ft
can be more closely inspected at the point of
the cursor. Decrease the DIST/DIV to 10 E
FT/DIV. This has “expanded” the cable across ™ ....i.... P....; Cablescroling : )
the LCD. Turn ® POSITION counterclockwise. o ;@ tisdrecbon @  : @ %"
Note that the distance window changes as we ¢ ; : : : i : : : : i
“scroll” down the cable. In reality, we are J - otittrritrrrivrerivecrieeccieereieesieeerieeen
electrically inspecting the cable foot by foot. LT R R FE T T SE R SRR R
of e R R I
H :

---------------------------------------------------

NOTE: When testing a long cable, it is helpful to set
DIST/DIV to a higher setting when scrofling to either
end of the cable. For example, if testing a 1500 foot
cable, it would be very tiring to scroll the cable from
end tc end with DIST/DIV set at 1 FT/DIV!
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Ohms-at-Cursor

Using the long cable as an example (use your own
iong cable), we can find out the impedance at the

CuUrsor.
1. Set the 15028 front panel:
CABLE Connect available
cable.
NOISE FILTER 1 avg
VERT SCALE 500 mp
DIST/DIV 50ft
DIST/DIV (METRIC) 25m
Vo .66

2.  Press MENU. Scroll down to “Setup Menu”.
Press MENU.

3. Scroll down to “Ohms at the Cursor is: Off".
Press MENU. This will turn on the ohms-at-
cursor function. Press MENU repeatedly until
the instrument returns to “Normal Operation”
maode.

4.  Turn the <« POSITION control_to set the cursor E‘“;c“"““"f““’?"”"?" '“'5'“"? “““““““ 4’ 6;3“_666“;{“‘3
near the end of the cable as illustrated. In our 59.5 @ i
example, we see the the distance reading is ; : : : : i : : : : :
408.000 feet, and the ochms-at-cursor is 59.5Q, 3
The ohms-at-cursor tells us the loss in the
cable results in an impedance of 53.5Q. We
can assume 500 impedance plus 9.2Q series
resistance. You can check this by putting a
known reference on the end of the cabie and

..................................................

measutring its impedance with ohms-at-cursor. 3 : : : : i : : : : i
The difference between the actual reading and B it bbbt bttt
the expected reference reading is the series

resistance.
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5. Turn the @« POSITION control to set the cursor
near the beginning of the cable. in this exam-
ple, the chms-at-cursor is 50.9Q at 17.880 ft.
There is less loss at the beginning of the cable
because of less series resistance,

6. Tum the = POSITION control clockwise {0 set
the cursor past the reflected puise. Now the
ohms-at-cursor reads >= 1K Q2.

7.  Turn < POSITION clockwise until the cursor
rests at the front panel (far left side, -2.000 #
distance). Ohms-at-cursor reads < 1 Q.

if the cursor is placed too near a fault, the reflection
will not have stablized so the reading will be mislead-
ing. This is especially true very near the instrument
where some aberrations are still significant. See the
section in the Operator instructions for more details
on the limitations of this {eature.

www.valuetronics.com
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Noise

1.  On a longer cable, “grass” may appear on the
display pulse. This is primarily caused by the
cable acting as an antenna, picking up nearby
electrical noise. To show this, set the 15028

front panel:

CABLE Attach 3 ft cable
NOISE FILTER 1 avg

VERT SCALE 500 mp
DIST/DIV 14

DIST/DIV (METRIC) 0.25m

Ve 66

< POSITION 400004

2. Attach the 5002 terminator o the test cable
using a femaie-to-female BNC adapter. (Both
of these iterns are supplied with the instru-
ment).

3. Increase VERT SCALE to 100 mp. Use
S POSITION 10 keep the wavelorm on screen,
As the VERT SCALE sefting increases, there
will be noise in the form of a moving, fuzz-like
waveform with a few random spikes.

4, Turn NOISE FILTER control clockwise to 8.
This will “average out” some of the noise.

5. increase the NOISE FILTER sefting to 128.
NOTE: The higher the setting, the more time
the instrument takes to average the waveform.

6. Move #POSITION and notice how averaging
restaris at a low value to allow easy positioning.

The 50Q terminator is used because it gives a good
impedance maich. Since there are no large discon-
tinuities, it appears to the instrument as an “endless”
cable. The noise seen in this demonstration is noise
picked up on the cable, and some “internal” noise
from the 1502B. When testing cables, the naise filter
is extremely effective in reducing noise.
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Set Ref (A Mode)

HORZ SET REF

Horizontal Set Ref establishes the starting point at
which the distance window begins reading the dis-
tance to the cursor. i, for example, you had a 3-foot
cable leading to a patch panel, you could eliminate
this jumper from your distance reading.

1. Setthe 15028 front panel:

CABLE Attach 3 ft cabie
NOISE FILTER 1 avg

VERT SCALE 500 mp
DIST/DIV 11t

DIST/DIV (METRIC) 0.25m

2. - K POWER has been left on from previous step,
return distance window reading to 0.000 ft with
< POSITION control.

There are the two familiar step pulses of the
test cable. Turn NOISE FILTER counterciock-
wise to HORZ SET REF. The noise filter read-
ing says “set A”. {The NOISE FILTER control
has three functions: NOISE FILTER, HORZ
SET REF, and VERT SET REF.)

3. Adjust @ POSITION so the cursor is on the rise
of the reflected pulse. Distance window should
read 3.0 ft. Press STORE.

4,  Turn NOISE FILTER controf to 1 avg. Note
that the distance window now reads “0.000
ftA”. This means everything from the front
panel BNC 1o the end of the cable is subtracted
from the distance calculations.

www.valuetronics.com
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5. Changing or Exiting HORZ SET REF

Horz Set Ref can be changed by tuming the NOISE
FILTER back to HORZ SET REF and repeating the
above procedure. If you wish to totally exit HORZ
SET REF, do the following:

a. Set ®POSITION to exactly 0.000 ft {you may
have 1o set DIST/DIV o .1 #).

b. PushSTORE.

c. Turn NOISE FILTER 1o the desired noise set-
ting.
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VERT SET REF

This control is nearly the same as the HORZ SET
REF except it sets the vertical zero reference. I
would be helpful to read the section on VERT SET
REF in the Operator Instructions. This will give you
some technical background on VERT SET REF.

The VERT SET REF function aliows manual control
of the vertical calibration of the 1502B. This can be
used to compensate for cable loss or {0 increase the
resolution of the millirho scale. The example below
shows how to compensate for cable loss.

The reflection from an open or short at the far end of
a long cable is often less than two divisions high at
500 mp/DIV. This is because of the energy lost in
the cable. Here is how to correct for this loss and be
able to make accurate measurements at the end of
the cable.

1. To make this correction, open or short the
cable {or another like cable in the bundie) at the
farend,

2.  Turn NOISE FILTER all the way counterclock-
wise to VERT SET REF. The display will
prompt you and “Set Ret” will appear on the
display above the NOISE FILTER control.

3. Adjust VERT SCALE until the reflection from
the open (or short) is two divisions high. Press
STORE and return NOISE FILTER to the
desired setting.

*

4. The VERT SCALE will now read 500 mp/DiV.

>
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Millirho measurements at the far end of the cable (or
a similar cable in the bundle) can now be made using
normal methods. To make measurements closer or
farther from the instrument requires resetting the
VERT SET REF.

Care must be taken in changing the VERT SET REF
because of the calibration change. The 1502B
automatically staris the pulse at two divisions high. : : : : ; : _ _ : :
When you change the vertical reference, you essen- | .. i .. io oo i ioocioto it
tially defeat this function. ; ' ' ' ' ; ' : : : :

..................................................
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5. Changing or Exiting VERT SET REF

VERT SET REF can be changed by turning the
NOISE FILTER back to VERT SET REF and repeat-
ing the above procedure. If you wish to totally exit
VERT SET REF, do the following:

a. Turn NOISE FILTER o VERT SET REF.

b. Turn VERT SCALE for a puise two divisions
high.

c. PushSTORE.

d. Return NOISE FILTER to desired setting.

This function can also be exited by Wirning the instru-
ment off, and turning # back on. The automatic func-
ticn will adjust the pulse to two divisions high.
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VIEW INPUT

This push bution allows you to view what's coming in
the CABLE connector, or eliminate it from the

display.
1.  Setthe 1502B front panel:
CABLE Attach 3 ft cable
NOISE FILTER 1avg
VERT SCALE 500 mp
DIST/DIV 1t
DIST/DIV (METRIC) 0.25m
: R
o
4 DS SO
R
2. Press VIEW INPUT. The indicator block onthe o 1 '
LCD should read OFF and the waveform Fi----i-""-
should disappear from the display. R
Rk

1502B Operator - Tutorial
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3. Press VIEW INPUT. The indicator block will

re-appear as will the waveform.

This function can be used to make the display less
“busy” when viewing stored waveforms.

'www.valuetronics.com
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STCRE and VIEW STORE

These functions will allow you to store a waveform.
1.  Setthe 1502B front panel:

CABLE Attach 3 ft cable
NQISE FILTER 1 avyg

VERT SCALE 500 mp
DIST/DIV 1ft

DIST/DIV (METRIC) 0.25m

2. Make sure you have a waveform on the |.CD.
Adjust ¢POSITION to piace the waveform in
the upper portion of the display. Press STORE.
The STORE indicator block should turn black
and read “ON”. The waveform is now stored in
a non-volatile (permanent) memory in the
instrument.

3. Turmn POWER off for a few seconds. Turn
POWER on. Note that the STORE indicator
biock is “ON", showing that the waveform has
been stored.

4.  Short the inner conductor of the end of the test
cable to the outer conductor of the test cable.
The reflected pulse will drop below the base-
line. Adjust 6POSITION to place the trace in
the middle portion of the LCD.

5. Press VIEW STORE. What you see on the
display is the waveform you stored previously
(VIEW STORE), and the current waveform
(VIEW INPUT). The top waveform is an
“open” (VIEW STORE), and the one on the
botiom (VIEW INPUT) is a "shont”.

Comparing new cables with old cables, or repaired
cables with damaged cables is easy using these two
push buttons. Leave the instrument settings “as
is"” for the next step.
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VIEW DIFF
1.  Press VIEW DIFF. This waveform is the difier- vk 0000 f1 |
ence between the VIEW STORE waveformand  {-...:....|.--- R R PR R RO T
the VIEW INPUT waveform. if no waveform . i | : : S S
has been stored in the memory, an error mes- E : : : , : : : : g
sage will be displayed. SEEEEEE 8 R
NOTE: There must be a waveform stored before it ¢ " i7" (""" 7177771777 A
can be compared by the VIEW DIFF function. E S EREEE R i«m—- View Diff waveform - - - - {
NOTE: If the waveform STOREd and the VIEW R -------
INPUT waveform are identical, the difference will ST DUV SO SIPUIE. Mo 2t PP L PR PR i
appear as a straight line.
2-43

www.valuetronics.com



1502B Operator - Tutorial

Menu Accessed Functions

if you get confused or lost while in a MENU, repeai-
edly press MENU until the instrument refurns to
“Normal Operation” mode.

Max Hold

1. Setthe 15028 front panel:

CABLE Altach 3 ft cable
NOISE FILTER 1 avg

VERT SCALE 500 mp
DIST/DIV 1f

DIST/DIV (METRIC) 0.25m

2, Pull POWER on. Press MENU to access the
Main Menu. With the 9POSITION control,
scroll down to “Setup Menu" and press MENU.

3. Scroll down to “Acquisition Menu” and press
MENU.

4. Scroil down to “Max Hold is:” and press
MENU. The menu will change from “Max Hold
is: Off", to “Max Hold is: On”. The Max Hold
function is now ready. Read the screen instruc-
tions. Press MENU. '

5. Press MENU again o exil the Acquisition Con-
trol Menu.

6. Press MENU again 1o exit the Setup Menu.

7. Press MENU again to enter “Normal Opera-
tion"” mode. Note that VIEW STORE and VIEW
DIFF indicator blocks have disappeared. This
tells you that both of these functions are ino-
perative.
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8. Press STORE. This activates the Max Hold
function, and the STORE indicator block is
dark. With a clip lead or other device, short the
end of the test cable and remove. Note that the
short has been left on the display.

9. Tum €POSITION control counterclockwise.
The waveform will “strobe” down the display,
leaving traces of its movements.

10. Press STORE. The display will clear, awaiting
STORE to be pressed again, activating another
Max Hold monitor cycle.

You can see how this function is usetul for monitoring
lines for changes over a period of time, or for inter-
mittent conditions. For example:

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

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

c) A cable becomes defective only during daytime
hours. Monitoring reveals the line 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.
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Puise On/Off

1. Set the 15028 front panet:
CABLE Attach 3 ft cable
NOISE FILTER 1 avg
VERT SCALE 500 mp
DIST/DIV 1t
DIST/DIV (METRIC) 0.25m

Pull POWER on. Press MENU to access the
Main Menu. Scroll down to “Setup Menu” and
press MENU.

Scroll down to *Acquisition Control Menu” and
press MENU,

Scroli down to “Pulse is:" and press MENU.
The menu will change from “Pulse is: On” 1o
“Pulse is: Off".

Press MENU until instrument enters the “Nor-
mal Operation” mode.

gf\.f‘./ " -,

CAUTION

(PSP S S e

This function is used mostly for troub-
leshooting by qualified technicians. It is
not recommended you use the 15028 as
a stand alone monitoring device. The
input circuitry is very sensitive and can be
easily damaged by even moderate level
signais.

To turn the pulse back on, enter the “Acquisi-
tion Control Menu”. Scroll to “Pulse is: On”
and press MENU. Follow the usual procedure
to return to enter “Normal Operation” mode.
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Single Sweep

1.  Set the 1502B front panel:
CABLE Attach 3 fi cable
NOISE FILTER 1 avg
VERT SCALE 500 mp
DIST/DIV 11t
DIST/DIV (METRIC) 0.25m

2. Press MENU to access the Main Menu. Scroll
down to “Setup Menu” and press MENU.

3.  Scroll down to “Acquisition Control Menu” and
press MENU.

4. Scroll down to “Single Sweep is:” and press
MENU. The menu will change from “Single
Sweep is: Off” 1o “Single Sweep is: On”.

5. Press MENU to exit the Acquisition Control
Menu.

6. Press MENU again to exit the Setup Menu.

7. Press MENU again to enter “Normal Opera-
tion” mode. The waveform now on the display
is the familiar test cable.

8. Now short the end of the lest cable with a clip
lead. Press VIEW INPUT. The 1502B has
done a single sweep, capturing just one
“frame”. Remove the short and notice that the
waveform does not change. 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 just one waveform.

9. To exit Single Sweep, follow the above pro-
cedure, turning off Single Sweep after entering
“Acquisition Control Menu™.
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TDR Questions and Answers

1.

2-48

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 the frequency domain,
things are expressed in cycles, or frequency, e.g. kilohertz.

What does a TDH actually measure?
Voltage over time.

How does a TDR display this information?

Voltage on the vertical axis (amplitude), and time (distance) on the horizontal axis.

Does electricity travel the same speed (velocity) in all materials?
No. Electricity is like fight. lts velocity is affected by the material through which it passes.

What is this difference calied?

The relative velocity of propagation {Vs). 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 travel-
ing in a cable. This relationship is shown as a decimal. A relative propagation velocity of .5 would mean the
electricity would travel half as fast as it would in a vacuum.

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

The time one way would be 30 divided by 2, or 15 nanoseconds. The velocity of 1 nanosecond per foot in a
vacuum would mean a distance of 15 feet. Since the cable is slower, we multiply the distance by the Vo
{.66), and arrive at a distance of 10 feet. Of course, the 1502B TDR does all this automatically and displays
the information on the LCD.

What is resistance?
Resistance is the opposition of DC current, or the DC voltage divided by the DC current.

What is impedance?

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

www.valuetronics.com
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What factors determine the resistance of a cable?

The cross section, length and material of the conductive material {usually copper).

What factors determine the impedance of a cable?

Dielectric value of the insulation and geometry of the conductors.

Why should cables of the same impedance be used?
Because a mismatch of impedance means a loss of energy at the mismatch.

Why is all this important to us?

Because a TDR displays the energy reflected back from an impedance mismaich.

‘www.valuetronics.com
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GLOSSARY

aberrations

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 a perfect step or sine shaped waveform.

AC

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

cable

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 conductoers, one
to deliver the elecirical signal and another to act as a return path which keeps both ends of the circuit at
nearly the same elecirical potential. In early electrical systems and modern systems that over long dis-
tances the earth and/or air was used as the return path and the term ground or ground wire is often
used to describe one of the wires in a cable pair. '

cable fault

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 kinds of
cable faults.

capacitance
(See reactance)

characteristic impedance

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

conductor

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).

2-50 -
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dB

dB stands for decibel. Decibels are a method of expressing power or voltage ratios. The decibel scale
is fogarithmic. 1t is often used o express the efficiency of power distribution systems when the ratio
consists of the energy put into the system divided by the energy delivered {or in some cases lost) by
the system. The formula for decibels is: dB = 20 log(V/Vi) where Vi is the voltage of the incident pulse,
Vi is the vollage 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).

DC

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 altermnating current (AC) often have a DC com-
ponent.

dielectric
(See insulation)

domain

is a mathematical 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.

impedance

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

impedance mismatch

Is a point in a cable or system where electrical energy is lost because of a significant change in the
opposition to the flow of electrical energy.

incident puise

The pulse of electrical energy sent out 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.

inductance

(See reactance)

2-51
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insulation

A protective coating on a 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 dielectric. The kind of dielectric
used in a cable determines how {ast electricity can travel through that cable (see velocity of propaga-
tion).

jitter

Is the shor term error or unceriainty 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.

LCD

Stands for liquid crystal display. It is the kind of display used on this instrument, so the terms display
and LCD are often used interchangeably in this manual.

millirho

tho {p) is the reflection coefficient of a cable or power delivery system. it is the ratio of the voltage
applied to the cabie divided by the voliage reflected back from the cabie or circuit due to cable faults or
an impedance rismatch at the load. Millirho are thousandths of one rho. Rho measurements are
ofien used to judge how well the cable is matched 1o the load at the other end of the cable. lfthereis a
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 puise voltage and rho wilt be +1. If there is 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 on to the load. The polarity of the reflected puise will be the
opposite of the incident puise and rho will be -1. If there is no mismatch between the cable and the
load, almost no energy will be reflected back and rho will be 0. In general, a load or fault with a higher
impedance than the cable will return a rho measurement of 0 1o +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 pulse. A pulse two divisions high means that each division is .5 rho or 500
millirho. A pulse set to be four divisions high wouid make each division .25 rho {250 milflirho).

noise

Any unwanted electrical energy that inferferes 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 as the waveform
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. Since 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 since 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).

open circuit

in a cable, a broken conducior will not allow electrical energy to flow through it. These circuits are aiso
called broken circuits. The circuit is “open” to the air {which looks fike a very high impedance).

2-52
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reactance

Is 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 con-
ductors separated by thin layers of 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
conduciors have some capacitance and inductance, so all conductors have some reactance which
means they all have impedance.

reflectometer

An instrument that uses reflections to make measurements. Our reflectometers use electrical energy
that is reflected back from points along a cable.

resistance

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

return loss

The amount of energy reflected or returned from a cable indicates how much energy is lost or not avail- |
able 1o the load at the other end. The ratio of the energy sent out by the TDR divided by the energy
reflected back expressed in the logarithmic dB scale is called return ioss.

rho (p)
(See millirho)

risetime

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

RMS

Stands for root mean sguared. RAMS is a way of measuring how much deviation there is from a known
{or desired) waveform. itis also the method used to calculate how much DC power is contained in an
AC wavetorm.

sampling efficiency

Our instruments make measurements by taking a succession of samples in time and displaying them
as a waveform with voitage on the vertical scale (up and down) and time along the horizontal scaie
(across the display). The circuitry that captures and holds the samples can not instantly change from
on voltage level to ancther. it may 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 voitage level
1o the next is called sampling etficiency. 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 vol-
tage level in a phenomena known as overshoot which becomes an unwanted source of noise in the
waveform.

2-53
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series loss

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
of resistances is called series loss. The series loss must be compensated for when measuring the
return loss or impedance mismatch at the far end of long cables.

short circuit

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

TRR

Stands 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
energy travels through a cable of known length can also be computed. The way in which the energy is
reflected and the amount of the energy reflected indicate the condition of the cable.

velocity of propagation (Vp)

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 the ratio of the speed in the cable to the speed of light (so it is always a number from
0 to 1). A velocity of propagation value of .50 indicates that the electrical energy moves through the
cable at half the speed of light.

waveform averaging

(See noise)
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Troubleshooting

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.

2-55
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GENERAL INFORMATION & SPECIFICATION

General Information

Product Description

The Tektronix 1502B Metallic Cable Time Domain
Reflectometer is a cable test instrument that uses
radar principles to determine the electrical charac-
teristics of metallic cables.

The 15028 generates a rapidly rising step signal,
applies it to the cable under test, and detects and
processes the reflected voltage waveform from the
cable. These reflections are displayed on the
15028's liquid crystal display (LCD) where distance
measurements may be made using a cursor.
impedance information may be obtained by interpret-
ing waveform ampliitude.

The waveform may be temporarily stored within the
1502B and recalled; or may be printed using the
.optional dot matrix strip chart recorder, which installs
‘tto the front panel Option Port.

Battery Pack

The 15028 may be operated from either a 115 VAC
or 230 VAC line or an optional internal battery pack
consisting of nine C-cells supplying a minimum of
five hours operating time {see specification, Table 1-
7).

www.valuetronics.com

Standards, Documents,
and References Used

Terminology used in this manual is in accordance
with industry practice. Abbreviations are in accor-
dance with ANSI Y1.1-1972, with exceptions and
additions explained in parentheses in the text
Graphic symbology is based on ANSI Y32.2-1975.
Logic symbology is based on ANS! Y32.14-1873 and
manufacturers data books or sheeis. A copy of
ANSI standards may be oblained from the Institute of
Electrical and Electronic Engineers, 345 47th Street,
New York, NY 10017.

Change and History Information

Changes that involve manual corrections and/or
additional data will be incorporated into the text and
that page will show a revisions date (e.g. REV JAN
1988) on the inside bottom edge. History informaticn
is included in diagrams in grey.

Specification

The tables on the following pages list the characteris-
tics and features that apply 1o this instrument.

The Performance Reguirement column describes the
limits of the Characteristic. Supplemental Informa-
tion describes features and typical values or other
helptul information.

The Operating Instructions contain procedures that
check many of the functions of the 1502B. Pro-
cedures to verify the Performance Requirement are
provided in the Calibration section of this manual.
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Characterlstic

Table 1-1

ELECTRICAL CHARACTERISTICS

Performance Requirement

Supplemental Information

Excitation Puise

Reflected Rise

Aberrations

Jitter

Cutput impedance

Pulse Amplitude

Pulse Width

Pulse Repetition Time

Vertical
Scales

Accuracy

Set adj
Vertical Position

Displayed Noise

32

<200 ps {0.096 feet)

+5% peak within 0 to 10 feet
after rise. +0.5% peak beyond
10 feet

<0.02 feet (<40ps) peak to peak
<0.2 feet (£400ps) peak 10 peak

50 ochm nominal

0.5 mp/Div to 500mp/Div

Within £3% of full scale range

1+5mp peak or less, Filter setto 1
+2mp peak or less, Filter setto 8

www.valuetronics.com

Vp set to 0.99; 10 to 80%,
into a precision short

Not including front panel
BNC

Vp set to 0.99
Horz Scale set to 0.1 fi/Div

Horz scale setto 1 ft/Div

While pulse is on
Typically +1%

300 mv nominal into 50Q
load

25 ps nominal

200 ps nominal

Greater than 240 values
including 1,25 sequences
(accuracy depends on refer-
ence level)

Set incident pulse within
+3%. Combined with Ver
Scale conirol

Any waveform point mov-
able to center screen

REV MAR 1988
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ELECTRICAL CHARACTERISTICS (con’t)

Characteristic

Performance Requirement

Supplemental Information

Distance Cursor
Resolution

Cursor Readout
Range

Resolution
Accuracy

Cursor Ohms Readout
Range

Resoclution

Accuracy

Morizontal
Scales

Range

Horizontal Position

Vp
Range
Resolution
Accuracy

Custom Option Port

REV JUL 1988 .
www.valuetronics.com

Within 2% +$0.002 ft of

. readout at 0.1 ft/div

Within+ 1%

1/25th of 1 major div.

-2 feet to 22000 ft
0.004 ft.

Ve must be set £0.5%

1Q 10 1KQ
3 significant digits

+10% with serial cable impedance
correction  (relative  impedance
measurements £2%

0.1 f/DIV 1o 200 ft/Div
METRES: .025 m/DIV to 50 myDiv
11 values; 1,2,5 sequences

1 ft to 2000 #t
METRES: 2.5 meters to 500 meters

Any distance to full scaie
may be moved on screen.

0.30 to 0.99
Propagation Velocity relative to air.

0.01

Tek YT-1 is designed to operate
with the 1502B. Produces a high
resolution thermal dot  matrix
recording of waveform and swiich
values.
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Characteristic

Table 1-1

Performance Requirement

ELECTRICAL CHARACTERISTICS {(con’t)

Suppiemental Information

Line Voltage

Battery Pack
Operation

Full Charge Time

Overcharge Protection

Discharge protection

Typical Charge Capacity

Battery Charge indicator

Temperature
Cperating

Non-operating

115 VAC (80 to 132 VAC),
45 to 440Hz

230 VAC (180 to 250 VAC),
4510 440Hz

12 VDC through battery
pack connector

5 hours minimum, 20 chart
recordings maximum.

~10° C 10 +55°C

-62° C to +85° C.

wifw.valuetronics.com

Fused at 0.3A

Fused at 0.15A

i5° C to 25° C charge and discharge
temp. LCD backlight turned off. Opera-
tion of instrurnent with backlight on, or at
temperatures below 10° C, will degrade
battery operation specification.

20 hours maximum

Limited to 10 days of continuous charge.
Battery will charge whenever instrument
is plugged in. Battery may be removed
during AC operation.

Operation terminates prior to cell rever-
sal

2 amp/hours

“Bat/low” will be indicated on the LCD
when capacity reaches approx 10%

Battery capacity reduced at other than
15° C 1o 25° G,

With battery pack removed. Storage
temp with battery pack is ~20° C to +55°
C. Contents on non-volatiie memory
(stored waveform} may be lost af tem-
peratures below —40°C.

REV JUL 1988
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Table 1-2
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ENVIRONMENTAL CHARACTERISTICS

Performance Requirement

Suppiemental Information

Humidity To 100% Internal desiccant
Altitude
Operating To 15,000 feet Mil-T-28800C, Class 3
Non-operating To 40,000 feet
Vibration 510 15Hz, 0.06 inch peak-to-peak Mil-T-28800C, Class 3
15 to 25Hz, 0.04 inch peak-to-peak
25 to 55Hz, 0.013 inch peak-to-peak
Shock,Mech
Pulse 30g, 11ms 1/2 sine waveform Mil-T-28800C, Class 3

Bench Handling

Operating

Non-operating

l.oose Cargo Bounce

Water Resistance
Operating

Non-operating

Salt Atmosphere

Total of 18 shocks

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

4 drops each face at 4 inches or 45°
with opposite edge as pivot. Satis-
factory operation after drops.

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

Splash-proof and drip-proot

Watertight with three feet of water
above top of case

Withstand 48 hours, 20% solution
without corrosion

‘www.valuetronics.com

Mil-Std -810, Method 516
Procedure V
Cabinet off, front cover on

Cabinet off, front cover off

Mil-5id-810,

Method 514, Procedure Xl, Part 2
Mil-T-28800C, Style A

Front cover off

Front cover On

3-5
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Table 1-2
ENVIRONMENTAL CHARACTERISTICS (con’t)

Characteristic Performance Requirement Supplemental Information
Sand and Dust Operates after test with Mil-Std-810, Methed 510
cover on, non-operating Procedure |
Washability Capable of being washed
Electromagnetic Comp VDE 0871 ClassB
Fungus Inert Materials are fungus inert
Table 1-3

PHYSICAL CHARACTERISTICS

Characteristic Description
Weight
Without Cover 14.251b
With cover 15.75 b
With cover, YT-1 Chart 19.751b
Recorder and
Battery Pack
Shipping Weight
Domestic 2551b
Export 2551b
Height 5.0 inches
Width
With handle 2.4 inches
Without handle 11.8 inches
Depth
With cover 16.5 inches
With handle extended 18.7 inches

3-6
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PERFORMANCE CHECK

The purpose of this procedure is make sure that the instrument is in good working condition and should be per-
formed 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 this procedure is not to familiarize a new user with the instrument. if you are not experienced with
the instrument you should read the Operator Section of this manual before going on with these checks.

if the instrumert fails any of these tests, it should be serviced. Many failure modes affect anly some of the instru-
ments functions.

Equipment Required

ITEM' Tektronix P/N
5002 precision terminator 011-0123-00
3 foot precision coaxial cable 012-0482-00

Getting Ready

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). f you are using AC power make sure the fuse and power
switch are correct for the voltage you are using (115 voits requires a different fuse than used for 230 volts}.

POWER On

Pull POWER switch on the front panel. if a message does not appear on the display within a second or two, turn
the instrument 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 s0. Refer {0 the troubleshooting section of this manual (15028 Operator - Mainte-
nance).

Metric Instrumenis

On Option 5 (METRIC) instruments, you can change the ft/DIV scale to metric in the “Set Up" menu, or use the
metric numbers provided. To change the readings to metric, press MENU. Using the ¢ POSITION control, scroll
down to “Setup Menu” and press MENU. Scroll down 1o “Distance/Div is: ft/div” and press MENU. Menu will
change to “Distance/Div is: mvdiv’. Exit by pressing MENU untit instrument retums to Normal Operation. If the
instrument power is turned off, this procedure must be repeated when the instrument is powered up.

Set Up

1.  Setthe 1502B front panel:
NOISE FILTER 1 avg
VERT SCALE No adjustment
DIST/DIV 1 f/div
DIST/DIV (METRIC) 25m
Vi .68

2.  Turn off the instrument.

www.valuetronics.com
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1. Horizontal Scale (Timebhase) Check

i the instrument fails this test it must be repaired
before any distance measurements are made with it.

A. Turn on the instrument. The display should
look very similar to the figure on the right.

B. Connect the three foot precision cable to the
fromt panel CABLE conneactor. The display
should locok like the figure on the right.

distance to the rising edge of the waveform at
the open end of the cable. The distance shown
on the display distance window should read
from 2.890 to 3.110 feet (METRIC - 0.901 to
0.927 metres).

D. Change Vs t0.30. Using the @ POSITION con-
trol 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 should read from 1.320 to 1.400 feet
(METRIC - 0.401 to 0.427 metres).

REV MAR 1988
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E. Remove the three foot cable and connect the
50 terminator. Set the DIST/DIV control to 200
DIV (METRIC - 50 m/DIV). Turn the
< POSITION control clockwise until the display
distance window reads a distance greater than
2000.000 ft (METRIC - 600 metres). The
waveform should remain a flat fine from zero
feet to this distance.

F.  Turnthe <= POSITION control counterclockwise
until the display distance window reads less
than 10.000 ft (METRIC - 3.1 metres). Set the
DIST/DIV control {0 .1 #/DIV (METRIC - 0.025
m/DIV). Turn the <« POSITION control counter-
clockwise until the display distance window
reads -2.000 ft (METRIC - -0.611 metres).
This last step sets up the instrument for the
next check.

2. Vertical Position (Offset) Check

If the instrument fails only this lest it can be used but
shouid be serviced. Not all of the waveform will be
viewable at all gain settings.

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

B. Using the 9POSITION control, verify that the
entire waveform can be moved {o the very bot-
tom of the display (to the bottom graticule line).

www.valuetronics.com
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1502B Specification - Performance Check

3. Noise Check

If the instrument fails this test 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.

A. Adjust the <POSITION control to obtain
100.000 ft on the display.

B. Using both the @ POSITION and VERT SCALE
controls, set the gain to 5.00 mp/DIV. Keep the
waveform centered vertically in the display.

C. Press MENU and using the ¢POSITION con-
trol, select “Diagnostics Menu” and press
MENU. Using the same procedure with the
& POSITION control, select “Service Diagnostic
Menu, select “Noise Diagnostic” and follow the
directions on the display.

D. Do not exit from the “Service Diagnostic Menu”
yet!

3-10 .
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1502B Specification - Performance Check

4. Ofiset/Gain Check

if the instrument fails this test, i should not be used
for loss or impedance measurements.

A. In the “Service Diagnostic Menu” seiect the
“Offset/Gain Diagnostic” and follow the direc-
tions on the dispiay.

B. There are three screens of data presented in
this diagnostic. The Pass/Fall levei Is 3% for
any single gain setting tested.

C. Do not leave the Service Diagnostic Menu yet!

5. Sampling Efficiency Check

if the instrument fails this test, the waveforms may
not look normal. if the efficiency is mare than 100%,
the waveforms will appear noisy. i the efficiency is
below the lower limit, the waveform will take longer
(more pixels) to move from the bottom to the top of a
reflected puise. This smoothing effect may com-
pletely hide some faults that would normally only be
one or two pixels wide on the display.

A. In the "Service Diagnostic Menu” select the
“Sampling Efficiency” test and foliow the direc-
tions on the screen.

B. When done with the test, press the MENU but-
tor 1o exit back to Normal Operation.

REV MAR 1988 . 3-11
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6. Aberrations Check

if the aberrations are out of specification, the ohms-
at-cursor function should may be less accurate than
specified.

A. Connect the 5002 precision terminator to the
fromt panei. Set the DIST/DIV control to 5
DIV (METRIC - 1 m/DIV).

B. Increase the VERT SCALE control o 50 mp
and move the top of the pulse to the center gra-
ticule fine with the 8 POSITION control.

- 0.05 metres) and turn the « POSITION con-
trol clockwise urtil the rising edge of the
incident pulse is in the left-most major division
on the display.

D. Move the cursor back to 0.000 f/DIV (METRIC
- 0.00 m/DIV) by turning the <+ POSITION con-
trol counterclockwise. Al the aberrations
except the one under the cursor must be within
one division of the center graticule fine out to
10 feet past the rising edge of the pulse.

To verify distances past the right edge of the
display scroll along the waveform by turning the
<« POSITION controi clockwise.

312
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7. Risetime Check

If the risetime is out of specification, it may be difficult
to make accurate short distance measurements near
the front panel.

A. Setthe 1502B front panel:

NQISE FILTER 1 avg
VERT SCALE 500 mp/DIV
Vo 99
DIST/DIV 0.2 t/DIV
DIST/DIV (METRIC) 0.05 metres

B. Using the ®POSITION control, move the *
incident pulse to the center of the display as ¢

shown.

C. Turn the VERT SCALE control clockwise until
the leading edge of the incident pulse is five
major divisions high {about 205 mp). Position
the waveform so that it is centered about the
middle graticule fine.

D. Using the @ POSITION conirol, and the dis- }

tances in the display distance window, verify
that the distance between the points where the
leading edge crosses the highest and lowest
major division graticule lines is less than or
equal to .096 R (METRIC - 0.029 m).

REY TAR@QBS
www.valuetronics.com
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15028 Speciflcation - Performancse Check

8. Jitter Check

Jitter is uncertainty in the timebase. Hs main effect is

that the waveform appears to move back and forth a

very smail amount. Hf the jitter is too great, it will

effect the repeatability of very precise distance meas-
_ uremenis.

A. Set VERT SCALE clockwise for a setting of
less than 1.0 mp/DIV. Verily that the leading
edge of the pulse moves less than five pixels,
or 0.02 & (METRIC - 0.006 m).

Using the Max Hold function (accessed in the
“Setup Menu” under “Acquisition Control”} can
simplify this measurement for you.

314 -
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1502B Speclfication - Performance Check

Conclusions

if the instrument failed Jitter or Risetime tesis, # is
probably still adequate for all but extremely precise
distance measurements. H it failed the Horizontal
Scale test, you should not use the instrument until
the cause of the failure has been identified and
corrected.

All of the previous tests only verify the major func-
tional blocks of the instrument that could prevent you
from being able to make measurements. It is possi-
ble for the front panel controls or the LCD to have
problems that would also interfere with controlling or
displaying measurements. Most problems of this
type would become evident to you as you performed
the tests above. H you suspect a problem of this
nature, you should have the instrument serviced (or
refer to the use of the diagnostics in the 15028 Ser-
vice Manual that cover these portions of the instru-
ment).

if the instrument passed all of the checks above, it is
ready for use.

REV MAR 1988 e
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ACCESSORIES

Standard Accessories
(included with instrument)

Fig. Accessory Tektronix Part Number
1 1 Replacement Fuse 159-0029-01
{for AC line) {for 115 VAC)

or

159-0054-00
(for 230 VAQC)
2 1 Power Cord {outdoor rated) 161-0228-00
3 1 Option Port Cover Assembly 200-3497-00
4 1 Battery Pack Port Cover 200-3452-00
5 1 Precision 50 Q Cable 012-0482-00
& 150  BNC Terminator 011-0123-00
7 1 BNC Connector, Female-to-Female 103-0028-00
8 1 Calculator Stide Rule 003-0700-00
1 Slide Rule Application Note 062-8344-00
1 Accessory Pouch 016-0814-00
1 Operator Manual 670-6266-00

REV MAR 1988 . . 4-1
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15028 - Aecessories and Options

*Should be purchased with 017-0063-00 and 017-0064-00.

4.2 -
www.valuetronics.com

OPTIONAL ACCESSORIES

Accessory Tek Part No.
Instruction (Service) Manual 070-6267-00
Battery Pack 016-0813-00

Chart Recorder YTi
Chart paper, single roll 006-7647-00
Chart paper, 25-roll quantity 008-7677-00
- Chart paper, 100-roll guantity 008-7681-00
Connector, BNC Male to BNC Male 103-0023-00
Connector, BNC Female to Alligator Clips 013-0076-00
Connector, BNC Female to Hook-tip Leads - 013-0075-01
Connector, BNC Female to Dual Banana Plug | 103-0090-00
Connector, BNC Male to Dual Binding Post 103-0035-00
Connector, BNC Maile to N Female 103-0058-00
Connector, BNC Female to N Male 103-0045-00
Connector, BNC Female to UHF Male 103-0015-00
Connector, BNC Female to UHF Female 103-0032-00
Connector, BNC Female to Type F Male 103-0158-00
Connector, BNC Male to Type F Female 013-0126-00
Connector, BNC Female to GR 017-0063-00
Connector, BNC Male to GR 017-0064-00
Terminator, 750 BNC 011-0102-00
Adapter, Direct Current 015-0327-00
*Adapter, 50/75( 017-0091-00
*Adapter, 50/93Q 017-0092-00
*Adapter, 50/125Q 17-0090-060



15028 - Accesscries and Options

OPTIONS

The following options are available for the 1502B TDR:

OPTION 03 - Battery Pack

Instrument comes equipped with nickel-cadmium rechargeable battery pack.

Battery Pack Removal

I\

Read the instructions in the front of this manual in the Operator Section concerning the safety precau-
tions necessary when charging, removing, or servicing the battery pack.

1. Loosen the two knurled screws on the battery pack and pull back to remove from the rear panel of the instru-
ment.

2. Replace in the same manner. Check that the battery pack banana sockets are aligned correctly with the bat-

tery pack port banana plugs. Push the battery pack directly inlo the compartment and tighten the two screws
finger light. ’

3. If removing the batlery for any length of time, seal the battery pack port with the battery port cover. This will
help seal the instrument from dirt and moisture, '

OPTION 04 - YT1 Chart Recorder

Instructions for Use

Making permanent records with the 15028 is easy with the Tektronix YT1 Digitai Chart Recorder.

1. Make sure the desired waveform {or wavelorms) is displayed on the LCD.

2.  Slide back the protective cover on the recorder. Push PRINT on the front panel of the chart recorder.
3.  When the char recorder has finished, tear off the paper recording, pulling the paper to the left.

¥YT1 Chart Recorder Paper Repiacement

1.  Turn the knurled knob on the front pane! of the chart recorder counterclockwise until it loosens. Pull the unit
from the instrument. Set the instrurment with the {ront panel to the right.

2. With your thumbs, push the frame surrounding the motor pulley. Push until the motor assembly latch locks
the motor assembly 1o the side frame. This loosens the tension in the paper path, allowing any remaining
paper to be removed.

Remoave the paper retaining kriob. Remove any paper and the empty paper core.

Following the diagram on the top of the recorder, place a fresh roll of paper in the recorder so the paper
unwinds off the right side of the roll into the paper path (looking down on the recorder, the paper unrolls
clockwise). Tearing the end of the paper rofl on a slant will facilitate placing the paper in the slot.

5.  Assure that the paper drops down into the paper path without binding, and the paper protrudes through the
slot in the front of the instrument. Release the keeper from the frame, and the paper drive mechanism will
return to the operating position.

www.valuetronics.com



1502B - Accessories and Options

PUSH TO LATCH

Paper Replacement

OPTION 5 - Metric Defauit

Instrument will power up in the metric mode. See 15028 Service Manual,

POWER CORD OPTIONS

The following power cords are available for the 1502B TDR. Options require inserting 0.15 A fuses in the rear
panel fuse holder.

NOTE: The only power cord rated for outdoor use is the standard cord (161-0228-00} included with instruments (if
not otherwise specified). All other optional power cords are rated for indoor use only.

Option A1: 220V/16 A - Universal Europe  161-0066-09
Option A2: 240 V/13 A - United Kingdom 161-0066-10

Option A3: 240 V/10 A - Australia 161-0066-11
. Option Ad: 240 V/15 A - North America 161-0066-12
Option A5: 240 V/6 A - Switzerland 161-0154-00

4-4 .
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T E K 1502 METALLIC APPLICATION NOTE
- CABLE TDR 052-8344-00

Puise Echo Testing of
Electrical Transmission Lines
Using the Tekironix. Time Domain Reflectometry
Slide Rule

introduction

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

o VSWR versus Percent Reflected Voltage

® Retumn Loss, dB, versus Percent Reflected Voltage

® Percent RHeflected Voltage, (p) versus Characteristic Line Impedance, {Zo}, for either 50- or 75 £ source,
s Percent Retlected Voltage {p), versus Load Resistance (A, }, for either 50- or 75 Q source.

je Z or R, versus Reflection Amplitude as seen on your Reflectometer.
"« Dielectric Constant versus Velocity Factor.

® Time versus Short Distances in Centimeters or Inches, any dielectric

@ Time versus Long Distances in Meters or Feet, any dielectric.

L

AN-1
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Application Note - 1502

Terms and Symbols

A is Source Resistance, of a signal gensrator
Zis Source Impedance, of a signal generator
is Characteristic Impedance, of a transmission line
, I8 Load tmpedance, for a transmission line
R, is Load Resistance, for a transmission line
pis Reflection Coefficient (rho), the ratio of incident to reflected voltage.
mpis Reflection Coefficieri divided by 1000 {milii-rho}
% is Ratio of incident to reflected voltage times 100
VSWR is Voltage Standing Wave Ratio {peak-to-Valiey ratio)
cis Velocity of light in air
vV is Propagation Velocity of a signal in a transmission line
;s Velocity Factor (fraction of velocity of light)
X is Dielectric Constant
Dis the outer diameter of the dielectric in a coaxial cable
dis the diameter of the center conductor in a coaxial cable
Lis inductance in nanohenries per foot
Cis capacitance in picofarads per foot
Relationships
Z =(138~x X (log. , Did} for a coaxial cable
% =p X 100
VSWR =(1+p) + (1-p) for the case where VSWR is the same for all frequencies
c =30 cm per nanosecond = .984 feet per nanosecond
V =1/
v =30/4X centimeters per nanosecond= 984//x feet per nanosecond
o =7.36x + (log,, D/d)
L =140 log ,, Did)
1inch =2.54 cm
1 foot =30.48 cm
imeter =3.28 feet
Copyright © 1986, Tektronix, Inc. All rights reserved. Printed in US.A.
1J.8.A. and Foreign Products of Tektronix, inc. are covered by U.S.A. and Foreign Patents and/or Patents Pending.
TEKTRONIX, SCOPEMOBILE, TELEQUIPMENT, and %%‘ are registered trademarks of Tekironix, Inc.
AN-2
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Application Note - 1502
VSWR versus Percent Reflected Voltage

$.04 VSWR = 2% REFLECTION

8 B W0 12 W W W W%
‘RESISTIVE 1ml g ” ﬁi“ sl “ ; ﬁ[l i i

DISCONTINUITY [T st ! ;
OMLY 450 908 116 198 130 125 130 135 140 1.45 1.50 VEWR
Of L2802 085 90 23 BP0 2 3 5T 2080 50 109 %
RETURN LOSS ’
{IMPULSE ONLY) i T 7 u H '
B0 75 7O 85 B0 55 60 45 40 35 30 25 20 f5 %0 § 0 -of

20% = 1.5 VSWR

To find the Voltage Standing Wave Ratio. VEWR. knowing the percent reflected voltage [or vice versa). use the Fre-
quency Domain Conversions section on the slide rule. {See above figure] On the upper scale locate the known value
of VSWR (% of reflected voltage}. Adjacent to thal point is the corresponding value for % or VSWR. VSWR is the
peak-to-vailey ratio of standing sinewaves. Note: This relationship between % and VSWR holds only when the toss
is a single impedance discontinuity with negligible capacitive or inductive components. Fer example. a 75-ohm termi-
nation at the end of a 50-ohm cable. Another way to express the same caution is to say the VSWR must be essen-
tially the same for all sinewave frequencies for the relationship 1o be valid.

Return Loss, dB, versus Percent Reflected Voltage

sgLg @ 2 4 L] -4 0 12 14 18 18 28 %
RESISTIVE !
DISCONTINUITY ] v v g
OMLY 9pp 408 +30 196 120 125 130 135 1.40 145 1506 YSWR
M MO0 A6 23 ETI0 25 5710 20 B 1%
RETURN LOSE | Vi
{IPULSE ONLY)

¥
B TS T¢ B & 88

1% REFLECTION = 40 dB RETURN LOSS

To find return loss in decibels knowing the percent reflected voltage (or vice Versa) use the bottom scale of the Fre-
quency Domain Conversions section of the slide rule {above illustration]. Locate the known value of percent reflected
voltage or the known dB return loss and locate the value of the corresponding expression on the adjacent scale.
Note: Only the impulse mode of Time Domain Refleciometry may be accurately expressed in terms of return loss.
Also keep in mind that 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 simple mathematical relationship between reflection measurements
using sinewaves and reflection measurements using pulses when one resistive discontinuity is the whole cause for the
sizable reftections.

AN-3
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Percent Reflected Voltage {(p) versus characteristic Line
Impedance (2 ), for either 50-ohm or 75-ohm Source.

h !------Hp- +180% ol
BOURCE LINE

Ry Zy o om +.Bom 4 B0% i 1500
il o1t :
A Ao Ty s ———————— =
o) T : ¢p % 500
Ae it Bom ~H% .10
i ¥
} © bweene miom = 100% ol
BTEP IRCIDENT REFLECTED LOAD
SENERATOR VOLTAGE YOLTAGE A
p=REFLECTION COEFFICIENT 1p=100%
pIDIV  OHMS p/DIY OHMS p/DIV  OHMS /DY
PR o — veru
420 B0 g9 08 120 10 02
EREEI I Ea =]
R IR =3
= B
8-
L
8-
T
5T
820
= Iy
_ a9-=
= AT . Al
502 SOURCE 50{! SOURCE

Tha risetime o1 ampliuds of received reflections may be signi-
ticontly degraded or attenuated by iwo-wey losses of the line.

L1 = ool +.03p = 53.107

To find the characteristic impedance of a line or section of a line knowing the reflection coefficient, p. or the percent
reflected voltage. you should first know the impedance of the pulse generator. It should be as close as possible to
the nominal impedance of the line and be connected to the line through a length of cable having the same impedance

as the source. Select the side of the shide rule that corresponds lo the source resistance (R:.) of the generator used
then select the longest scale this way:

Size of Reflection %/Div p/DIV
100% to 80% (1 to Bp) 30% DIV 25DV
80% to 40% {.Bp to 4p) 10%,/DIV 1p/DIV
40% to 16% {.4p to .16p) 5% /DIV 050 /DIV
16% to 8% (.16 to 08p) 2%,/DIV 02, /DI
8% to 4%  (.08p to 04p) 1%/0IV 015/DIV
4% orjess  {< .04p} 5%/DIV ' B05p / DIV
AN-4
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SOURCE - £ 0 e 1% B0 R
R -
e Er .I‘”‘l ~Bd8 = 4+ B0%-TT-328 0
A fo) = Odl s Q%750
UINE )
7, (Y - 8 - - 80% S 26 0
)
TEi X
IMPULSE INCIDENT Fieeren T Lon
; REFLECTED AD
QENERATOR YOLTAGE YOLTAGE L%L

%IDIV OHMS a1 DY OHMS WlDIV OHMS  “%ibiv

RETURN LOSS { ~ ¢B)

Hnidn

5= S ”
e rm——n T Pl
758 SO0URCE 751 SOURCE 751 SOURCE
100% - 0N

i the reflection is downward from the 50-ohm tor T5-ohm} reference tevel. set the reference level lo the top of the

" chosen scale if the reflection is toward a higher impedance than the reference level set the reference level 1o the
hottom of the chosen scale  Then count off the right number of divisions and subdivisions to locate the fevel
corresponding to the peak of the reflection and read the corresponding impedance level {ohms} on the adjacent shding
scale

If the line impedance and the source resistance is known. the expected amplitude of a reflection can be approximated
First. select the side of the slide rule having the right 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
tables having & 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 {ohms) of
interest is within view Read from the adjacent stationary scale the Reflection Coefficient or Percent Refiected Vol-
{age that corresponds to the ohms selected

Percent Reflected Voltage {p} versus Load Resistance
{r ). for either 50- or 75-01 Source.

To find the terminating load resistance (R[ i of aline knowing the percent reflected voitage or reflection coefficient
use preceding instructions

If the load resistance is known. the previous procedure mav be used to approximate the size of the return reflec tion
An error may be introduced if the impedance of the connecting cable does not match the source resistance of the
pulse generator

. ) AN-5
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Z or R _versus Reflection Amplitude as seen on your

Reﬂectometer
¥ oDV OHMS /DI
1 4
1 3 pos
RG8/U E=]
51 50 =
SUULIPETE UL P I T | = > =
RG213/U : =, =
49 501 T = I=
+ e R et
1 :. '_:f%v &7 ";g"“"“-
01, /DIV + =2 e
J' 4 ¥ 50() SOURCE

Precision Load
Resistor used for
5010 Reference Level

A

Ins/ DIV

4

Line Impedance {Z } or Load Resistance (R ] may be derived directly from the amplitude of a reflection displayed on
a TDR CRT The dusplayed reflection should first be positioned vertically to a known 50-ohm reference level For a
reference level use either a section of bine of known impedance ahead of the line or load under test. or use a termina-
tion of known resistance at the end of the line. The slide rule may then be used by selecting the side with the same
source resistance and the same scale as the reflectometer  Position the 50-chm {or 75-ohm] reference jevel on the
stiding scale corresponding to the one selected for the reference level in the display. The impedance (ohms) causing
the reflection may then be read from the sliding scale by noting the position on the fixed scale corresponding to the
position of the reflection in the TDR display

You should note that the peak level of any reflection that does not have a discernible plateay may be an erroneous
indication of the impedance discontinuity that caused it There may be several reasons for the error. First. the
discontinuity may occupy such a short section segment of the line. compared to the propagation velocity of the line
and the risetime of the test pulse wavefront that part of the wavefront starts to emerge from the segment whiie the
remainder is still entering  This causes a spike shaped refiection. the amplitude of which may vary depending on the
riselime of the test pulse how badly the risetime may have been degraded by the cable before it arrives. and how
much attenuation the cable may impose on the reflection before it arrives back at the source Secondly, if the rise-

time of the TDR system is too long. a reflection with a plateau will appear as a spike.

AN-6
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Centimeters versus Inches, or Meters versus Feet

1inch = 2.54 ¢m
INCHES CENTIMETERS

A T T HH I AT
5 6.0 .8 1.0 1.5 20 E

ONE-WAY DISTANCE
TO OR BETWEEN FAULT, SPLICE,
CONMECYOR, LOAD, END, OR OTHER
IMPEDANCE DISCONTINWIHTY

RET 3 40 56 8O TOC
f:E*:ffif;!‘lfégt:=§;n;!iii:i[smiﬂt;iu::1i‘,z..;x::;;g:wl
il
METERS FEET

175 m = 57 4 feet

INCHES A given number of inches may be converted to centimeters by placing the point on the sliding scaie that
corresponds to that number next to the stationary arrow labeled fnches then reading the equivalent distance in cen-
timaters next to the point of the arrow labeled Centimeters.

CENTIMETERS Centimeters are converted to inches in the opposite manner. Meters may be converted to feet
and vice versa using the Meters and Feet scale in a similar way.

Dielectric Constant versus Velocity Factor

Dielectric Constant and Velocity Factor appear on two identical scales next to a sliding scale labeled Round Trip
Time. To lind one knowing the other read directly across the sliding scale. Any major division on the sliding scale

may be placed next to the known value to help read directly across the sliding scale.

@ - AN-T
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Time versus Short Distances, in Centimeters or Inches, any
dielectric

Dielectric is Air
Time = 200ps
Velocity Factor = 1

9&%{5‘;&1'::’% 1.0 1829 3 £ 58
e L L L1 L I
mounp |1 ITHIAIEL: w‘m L G
THI® mm 150ps 200ps  200ps 50098
TISRE

P Lt N TL T HIEAN BiE slaat v nhadun
ooy e JWLHIEkiH[IEH mtlll‘ii‘}““' !
CTOR A

HCHES CERTIMETERS

N A 1

v o EWAY DISTANCE Distance is

O OR BETWEEN FAULT, SPLICE, ;

CONNECTOR, LOAD, END, R OTHER | o0 M of 1.18 inches
IMPEDANCE DISCONTINUITY

To find the distances to or between discontinuities in 2 transmission line knowing the time for a pulse edge to travel
the 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 ten feet use the Cen-
timeters and Inches scale. The round trip time should be located on the sliding scale that is located above the Cen-
timeters and Inches 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 Cen-
timeters scale.

if the distance to or between faulis is known and you wish to find the time or velocity factor set the distance under
the appropriate arrow first,

AN-8 -
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Time versus Long Distances, in Meters or Feet, any dielectric.

OME-WAY DISTANCE
TO OR BETWEEN FAULT, SPLICE,
CONNECTOR, LOAD, END, OR OTHER
IMPEDANCE DISCONTINUITY

Distance is
30 meters
or 99 feet

négfgm:% 1.0 isa.o 458
T Rouns  HHT .s||f|,s.’“H IW mjfli.;wamzsu;mi
TRIE Kns ‘501':5 20Gns e 500ns 7o
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Dielectric is Solid Polyethylene
Time = 300ns
Velocity Factor = 66

Distances to or between discontinuities further apart than about three meters or ten feet may 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
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