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The 1501:
what it is and what it does

The 1501 is a portable, battery-powered Time
Domain Reflectometer. Its primary use is to locate
and evaluate faults in electrical transmission lines.
Faults can be located in cables up to 10,000 feet
long (3000 meters for the metric version). A plug-in
strip-chart recorder makes graphs of the TDR signals
obtained from testing a cable. These graphs provide a
“finger print” of the electrical characteristics of the
cable under test. If a fault is detected, the graph can
be used to evaluate it. If the cable is found to be
good, the graph can be saved and compared with
graphs obtained from future tests. The 1501 can also
be connected to an oscilloscope to provide CRT
monitoring of TDR signals.
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Time Domain Reflectometry is pulse-echo testing of transmission lines.

This cable testing method is sometimes referred to as “radar testing”.
Using pulse-echo testing, a pulse (called the incident pulse) is applied to
the beginning of a cable. The pulse travels through the cable until it
reaches an impedance discontinuity (i.e., a change in impedance due to a
break, a short, a termination, etc.). At the discontinuity, a portion of the
pulse is reflected back to the beginning of the cable. The rate of travel
(propagation velocity) of a pulse through a cable is constant for a
particular kind of cable. The distance from the beginning of the cable to
the discontinuity can, therefore, be calculated by measuring the time
between the start of the incident pulse and the return of the reflected
pulse. The nature of the discontinuity can be determined by comparing
the amplitude of the incident pulse with that of the reflected pulse. The
1501 provides a pulse source (or test signal) and a method of measuring

both the time and the amplitude relationships between incident and
reflected pulses.
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BASIC OPERATION

The following section provides a familiarization pro-
cedure combined with a discussion of the 1501 operation.
The familiarization procedure is in bold type and can be
followed without reading the accompanying operation
discussion. This procedure can also be used for incoming
inspection.

Equipment

1. Obtain the following equipment for use in
the familiarization procedure:

a. An oscilloscope that has a vertical input with
a 200 mV/division deflection factor and an exter-
nal horizontal input with a 500 mV/division deflec-
tion factor. A TEKTRONIX Type 323 or 324
Oscilloscope is suggested. See the instructions on
page 36 for connecting the 1501 to other
TEKTRONIX oscilloscopes. *

b. 10 to 50 feet (2 to 15 meters) of 50 Q or
75 Q coaxial cable.

*A 1501 can be used without an oscilloscope, but an oscilloscope
aids in familiarizing an operator with 1501 operation.
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Connecting the 1501 to an Oscilloscope

2. Connect a cable between the 1501 HORIZ
OUT connector and the oscilloscope external
horizontal input connector; connect another cable
between the 1501 VERT OUT connector and the
oscilloscope vertical input connector.

Although the standard 1501 comes with a plug-in chart
recorder, it is sometimes desirable to monitor a TDR test
on an oscilloscope CRT, before making a graph with the
chart recorder. The HORIZ OUT and VERT OUT con-
nectors provide the horizontal and vertical signals from the
1501 for display on the oscilloscope CRT. Any oscilloscope
which meets the previously mentioned requirements can be
used to monitor the 1501 output signals. The TEKTRONIX
Type 323 and 324 oscilloscopes make convenient monitors
since they are both portable, battery-powered instruments
that have the same physical dimensions as the 1501. The
TEKTRONIX 211 miniscope also makes a convenient
monitor for the 1501*. A Handle Conversion Kit (for two
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instruments), TEKTRONIX Part No. 040-0563-00, allows a
1501 to be physically connected to either a Type 323 or
324 to make a unitized, TDR/monitor package.

*A BNC-to-probe adapter is available from TEKTRONIX (Part No.
013-0084-01) for connecting the 211 probe to the 1501 VERT
OUT connector.



Powering the 1501

3. Set the 1501 power pack switch for the
power source to be used, external DC, AC, or
internal batteries. If AC power is to be applied,
also set the switch for the desired charge rate,
TRICKLE CHG or FULL CHG. (Any time AC
power is applied to the power pack, the power
pack batteries charge.) A small screwdriver is
required to move the switch. If AC or external DC
power is chosen, connect the 1501 to a suitable AC
or DC power source, respectively.

NOTE

The batteries in the power pack of an instrument just
received from the factory should be fully charged
before use. The instrument can be operated from
either AC or external DC power while the batteries
are charging. See page 23 for charging instructions.
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Power is applied to the 1501 circuitry through the
removable power pack. The power pack contains recharg-
able batteries, a battery charging circuit and connectors for
connecting external AC or DC power sources. The charging
circuit allows the power pack batteries to be charged using
AC line voltage.

Since the power pack can be removed and its batteries
recharged independent of the 1501, continuous power pack
battery operation of the 1501 is possible if a second power
pack is purchased. Instructions for removing and replacing
the power pack are given on page 21.

For power pack battery operation, the power pack
switch may be set to either of its two AC/BATT positions.
When fully charged, the power pack batteries should power
the 1501 for 8 hours or more and make at least 30 charts.
When the 1501 POWER switch is set to ON, the BATTERY
meter on the front panel indicates the charge on the
batteries. To avoid damage to the battery cells, power pack
battery operation of the 1501 should not be continued for
long periods after the meter begins reading LOW, especially
if charts are being made.
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For AC power operation, set the power pack control
switch to one of its two charge positions and connect the
power cord to a suitable AC power source. Under AC
operation, the power pack batteries are charged while
power is being applied to the 1501 circuitry. Thus, if the
power pack batteries are fully charged, set the power pack
switch to TRICKLE CHG, and if the charge on the batteries
is low, set the switch to FULL CHG. If AC power is
connected to the power pack when the power pack switch
is set to EXT DC, the power pack batteries will charge at
the full charge rate, but the 1501 circuitry will receive its
power from the external DC source. The power pack can be
powered with either 115V or 230V nominal AC line
voltage. See page 22 for instructions for converting the
power pack from one line voltage to the other.

For external DC power operation, set the power pack
switch to EXT DC and apply DC power to the EXT DC
POWER connectors (observe polarity markings). DC
voltages from +6 volts to +16 volts can be used to power
the 1501. An automobile battery is a good external DC
voltage source. The power pack batteries can not be
charged using external DC power.



Connecting the Cable to be Tested to the 1501

4. With the 1501 POWER switch set to OFF, 5. Connect the cable to be tested

in this

remove the chart recorder from the 1501 and set procedure to the TEST LINE connector. Do not

the 50 2-75 @ switch for the impedance of the terminate the open end of the cable.
cable to be tested in this procedure. The
50 -75 Q switch is a slide switch which is located
on the circuit board on the left side of the chart
recorder compartment. Slide the switch toward the
front of the instrument for 50 Q2 cables and toward
the rear for 75 Q2 cables.
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Using the 1501, discontinuities can be located in cables
of any impedance. The instrument is calibrated, however,
to accurately evaluate these discontinuities, only in 50 £ or
75 ) cables. The 50 £2-75 §2 switch determines which cable

TABLE 1

Optional Connector Adapters for the 1501

impedance the 1501 is set for. The following section on Type TEKTRONIX
TDR measurements discusses a method of modifying the Part No.
1501 or of making calculations so that discontinuities in BNC Male-to-GR 017-0064-00
cables of other impedances can be measured.
. BNC Male-to-N Female 017-0058-00

The TEST LINE connector is a Type F female con- BNC Male-to-UHF Female 017-0032-00
nector. A Type F male-to-BNC female connector adapter is —
included with the 1501 so that cables with BNC connectors BNC Male-to-Dual Binding Post 103-0035-00
can be tested. Table 1 shows some optional connector BNC Female-to-Clip Leads 013-0076-00
adapters that are available from TEKTRONIX. These
adapters allow connections to be made to cables with other F Female-to-GR 017-0089-00
kinds of connectors. Banana-to-clip Patch Cords

A Type F male-to-F male adapter and a Type F Red 012-0015-00
female-to-F female adapter are also included with the 1501. o
They can be used to extend cables. Black 012-0014-00
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Initial Control Settings

6. Set the power switches on both the 1501
and oscilloscope to ON and set their controls as

follows:

1501

STEP-IMPULSE Pushbutton In
DISPLAY OFFSET As Is
REFLECTION %/DIV 20

NOISE FILTER Pushbutton Out . .
STYLUSPOSITION  Asls Horiz. Position
CABLE SOLID POLY tinelDi
START POINT 000 T'r'l‘;; e [’ev 5
RANGE 2FT (5M) Trigger Source
CHART POWER Pushbutton Out Ext. Trig. or Horiz
EXT DRIVE Pushbutton Out Ation. .
10 Operators Manual—1501

Oscilloscope

Volts/Div
Input Coupling
Vert. Position

.2 (Cal)

Gnd

Centered, Pull-Switch
In

Centered, Pull-Switch
Out

Ext. Horiz, Cal

Centered

Ext. Trig. or Horiz, DC
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Test Signals

8. Note the test signal (incident signal)
displayed on the CRT and release the
STEP-IMPULSE pushbutton. (For test
cables shorter than 20 feet (5 meters),
the reflected signal may also be visible.)

The 1501 provides a choice of two test signals, an
impulse and a step. The STEP-IMPULSE pushbutton
determines the type of test signal applied to the cable under
test. With the pushbutton in, a 1 volt step is applied to the
cable; with the pushbutton out, a 10 volt, 1.3 ns wide
impulse is applied to the cable. The step signal is used
whenever an accurate measurement of the impedance of the
cable is desired. The impulse signal is used whenever there is
a DC voltage on the cable under test of more than 5V, as

Step

Impulse
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