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MOTOROLA TEST EQUIPMENT PRODUCTS
LIMITED WARRANTY
(EXCLUDES EXPORT SHIPMENTS)

Motorola Test Equipment Products (herein the “product’’) that are manufactured or distributed by Motorola Communications Group Parts
Department are warranted by Motorola for a period of one (1) year from date of shipment against defects in material and workmanship.

This express warranty is extended to the original purchaser only. In the event of a defect, malfunction, or failure during the period of warranty,
Motorola, at its option, will either repair, or replace the product providing that Motorola receives written notice specifying the nature of the defect
during the period of warranty, and the defective product is returned to Motorola at 1313 East Algonquin Road, Schaumburg, IL 60196 transporta-
tion prepaid. Proof of purchase and evidence of date of shipment (packing list or invoice) must accompany the return of the defective product.
Transportation charges for the return of the product to Purchaser shall be prepaid by Motorola.

This warranty is void, as determined in the reasonable judgement of Motorola, if:

(a) The product has not been operated in accordance with the procedures described in the operating instruction;

(b) The seals on non-user serviceable components or modules are broken;

(c) The product has been subject to misuse, abuse, damage, accident, negligence, repair or alteration.
In no event shall Motorola be liable for any special, incidental, or consequential damages.
In the event Motorola elects to repair a defective product by replacing a module or subassembly, Motorola, at its option, may replace such defective
module or subassembly with a new or reconditioned replacement module or subassembly. Only the unexpired warranty of the warranty product will
remain in force on the replacement module or subassembly. EXCEPT AS SPECIFICALLY SET FORTH HEREIN. ALL WARRANTIES EX-

PRESS OR IMPLIED, INCLUDING ANY IMPLIED WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE OR MERCHANTABILI-
TY, ARE EXCLUDED.
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FOREWORD

1. SCOPE OF MANUAL

This manual is intended for use by technicians ex-
perienced with similar types of equipment. It contains
all the service information required for the equipment
described and is current as of the printing date. Changes
which occur after the printing date are incorporated by
Instruction Manual Revisions (SMR). These SMR’s are
added to the manuals as engineering changes are in-
corporated into the equipment.

2. MODEL AND KIT IDENTIFICATION

Motorola equipments are specifically identified by
an overall model number on the nameplate. In most
cases, assemblies and kits which make up the equipment
also have kit model numbers stamped on them. When a
production or engineering change is incorporated, the
applicable schematic diagrams are updated.

3. SERVICE

The Motorola Test Equipment Service Center is
charged with the service responsibility for all test equip-
ment supplied by the Motorola Communications Sec-
tor. The center maintains a stock of original equipment
replacement parts and a complete library of service in-
formation for all Motorola test equipment.

Most in-warranty repairs are performed at the
center. Exceptions include repairs on some equipment
not manufactured by Motorola which are performed by
the original supplier under the direction of the Motorola
Test Equipment Service Center. Out-of-warranty ser-
vice is performed on a time and materials basis at com-
petitive rates. Customer satisfaction is continually
surveyed by reply cards returned with repaired in-
struments.

The Motorola Test Equipment Service Center also
provides a convenient telephone troubleshooting ser-
vice. Frequently, a user technician can troubleshoot a
piece of equipment and isolate the defective components
under the direction of the Motorola Test Equipment
Service Center via telephone. Required replacement
parts are then immediately shipped to the user thereby
reducing shipping time and servicing costs. For
telephone troubleshooting, contact the Motorola Test
Equipment Service Center toll free at 1-800-323-6967.

All other inquires and requests for test equipment
calibration and repairs should be directed to the
Motorola Area Parts Office. They will contact the
Motorola Test Equipment Service Center, process the
necessary paperwork and, if necessary, have the Center
contact you to expedite the repair.

68P81062E66-A

4.

REPLACEMENT PARTS ORDERING

Motorola maintains a number of parts offices

strategically located throughout the United States.
These facilities are staffed to process parts orders, iden-
tify part numbers, and otherwise assist in the
maintenance and repair of Motorola Communications
products.

Orders for all replacement parts should be sent to

the nearest area parts and service center listed below.
When ordering replacement parts, the complete iden-
tification number located on the equipment should be
included.

5.

5.1

52

ADDRESSES
GENERAL OFFICES

MOTOROLA Communications and
Electronics Inc.

Communications & Electronics Parts
1313 E. Algonquin Rd.,
Schaumburg, Illinois 60196
Phone: 1-312-576-3900

U.S. ORDERS

WESTERN AREA PARTS
1170 Chess Drive, Foster City
San Mateo, California 94404
Phone: 1-415-349-8621
TWX: 910-375-3877

MIDWEST AREA PARTS
1313 E. Algonquin Rd
Schaumburg, Ill. 60196
Phone: 1-312-576-7430
TWX: 910-693-0869

MID-ATLANTIC AREA PARTS
7230 Parkway Drive

Hanover, Maryland 20176
Phone: 1-301-796-8763

TWX: 710-862-1941

EAST CENTRAL AREA PARTS
12995 Snow Road

Parma, Ohio 44130

Phone: 1-216-433-1560

TWX: 810-421-8845

EASTERN AREA PARTS

85 Harristown Road
Glenrock, New Jersey 07452
Phone: 1-201-444-9662
TWX: 710-988-5602




 PRER—

ROCKY MOUNTAIN AREA PARTS
20 Inverness Place East

Engelwood, Colorado 80112

Phone: 1-303-790-2323

TWX: 910-935-0785

PACIFIC SOUTHWESTERN AREA PARTS 5.3
P.O. Box 85036

San Diego, California 92138

Phone: 1-714-578-8030

TWX: 910-335-1516

GULF STATES AREA PARTS
1140 Cypress Station

P.O. Box 73115

Houston, Texas 77090

Phone: 1-713-537-3636

TWX: 910-881-6392

54

SOUTHWESTERN AREA PARTS
P.O. Box 34290

3320 Belt Line Road

Dallas, Texas 75234

Phone: 1-214-620-8511

TWX: 910-860-5505

68P81062E66-A

SOUTHEASTERN AREA PARTS
P.O. Box 368

Decatur, Georgia 30031

Phone: 1-504-987-2232

TWX: 810-766-0876

CANADIAN ORDERS

MOTOROLA LTD.

National Parts Department
3125 Steeles Avenue East
Willowdale, Ontario M2H 2H6
Phone: 416-499-1441

TWX: 610-491-1032

Telex: 06-526258

ALL COUNTRIES EXCEPT U.S. AND CANADA

MOTOROLA, INC.
International Parts Dept.
1313 E. Algonquin Road

Schaumburg, Illinois 60196 U.S.A.

Phone: 1-312-576-6482
TWX: 910-693-0869
Telex: 722443

Cable: MOTOL PARTS
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Specification

Operating Modes

Channel |, Channel I, Channel | and Il
alternate or chopped (chop freq. =1MHz),
sum or difference Ch. Il = Ch. |

(with Invert button for Channel |)

X-Y mode: same sensivity

in both directions.

Vertical Deflection (Y)

Bandwidth of both channels

DCto20MHz (—3dB), DC to 28MHz (—6dB)
Risetime: =17.6ns. Overshoot: max. 1%.
Deflection coefficients: 12 calibr, steps,
5mV/cm to 20V/cm in 1-2-5 sequence, with
variable control uncal. 1:2.5 to 2mV/cm.
Accuracy in calibrated position: £3%.
Input impedance: 1MQ || 30pF.

Input coupling: DC-AC-GND.

Input voltage: max. 400V (DC + peak AC).

Timebase

Time coefficients: 18 calibrated steps,
0.5us/cmto0.2s/cmin 1-2-5 sequence, with
variable control uncal. 1:2.5 to 0.2us/cm,
with 5x magnification uncal. to 40ns/cm.
Accuracy in calibrated position: 3%.
Trigger system: Auto or Normal,

Slope: positive or negative.

Sources: Ch. I, Ch, Il, line, external.
Coupling: DC-AC-HF-LF (TV frame).
Threshold: internal 5mm, external 0.6V.
Bandwith: DC up to 40MHz.

Horizontal Deflection (X)

Bandwidth: DC to 2.5MHz (—3dB).
Input: via Channel |l (see Y deflection spec.).
X-Y phase shift: <3 ° up to 300kHz.

Component Tester

Test voltage: max. 8.5V rms (open circuit).
Test current: max. 24mA rms (shorted).
Test frequency: 50-60Hz (line frequency).
Test connection: 2 banana jacks 4mm dia

General Information

Cathode-ray tube: D14-362 P43/93,
P7/93 optional (long decay characteristic),
rectangular screen,

internal graticule 8x10cm

Acceleration potential: 2000V

Trace rotation: adjustable on front panel
Calibrator: square-wave generator =1kHz
for probe compensation. Output 0.2V + 1%
Regulated DC power supplies: all

operating voltages including the high voltage.

Protective system: Safety Class | (IEC 348)
Line voltages: 110, 125, 220, 240V AC.
Permissible line fluctuation: £10%.

Line frequency range: 50 to 60Hz.

Power consumption: 36 Watts (approx.)

Weight: 7kg (approx.). Color: techno-brown.

Cabinet (mm): W 285, H 145, D 380.
Lockable tilt handle.

l Bandwidth DC-20 MHz
l Triggering up to 30 MHz

M Dual Trace Oscilloscope
W 8x10cm Display

The already excellent price/performance ratio of the
R 1029 has been improved even further. Both vertical
amplifiers now incorporate variable gain controls and
maximum input sensitivity is 2mV/cm over the full
bandwidth of the oscilloscope. Another new feature
permits display of the sum and difference of two sig-
nals.

Triggering facilities have also been expanded. In addi-
tion to line and TV triggering, HF and DC triggering are
now possible. The R1029B will trigger stably with a
5mm display height up to at least 40 MHz. Using the
manual level control, even relatively complex signals
can be stably triggered. An 8x10cm internal graticule
permits parallax-free viewing over a wide angle. The
effect of the earth’s magnetic field upon horizontal
trace position can be compensated for, externally,
with a trace rotation control.

The R1029 B has a built-in component tester, which is
especially useful in maintenance and servicing work.
Among other applications, this device enables rapid,
In-circuit testing of semiconductors. Test voltage and
current are rated so that normal semiconductors or
other components cannot be damaged. Test results
are displayed on the scope screen.

The R1029B was designed for general purpose appli-
cations in industry and service. Its many operating
modes, front panel layout, and ease of operation also
make it an ideal oscilloscope for use in training
engineers and technicians.




OPERATING INSTRUCTIONS

General Information

The new R 1029 B is as easy to use as all MOTOROLA in-
struments. Technologically it represents the latest state
of engineering in this price range. This is particularly
illustrated by the increased use of monolithic integrated
circuits. The logical arrangement of the controls and con-
nectors on the front panel ensures that the user will
quickly become familiar with the operation of the instru-
ment. However, even experienced operators are advised
to read the following instructions thoroughly, as they in-
clude important information relating to the use of the
R 1029 B.

The front panel is subdivided into three sections accord-
ing to the various functions. The X-MAGN. X5 pushbut-
ton, the calibrator output (CAL. 0.2V), and the COMPO-
NENT TESTER pushbutton and its measuring socket are
located on the left directly below the screen of the
cathode-ray tube (CRT).

The X-Section, located on the upper right, contains the
red POWER pushbutton and indicating lamp, the IN-
TENS., FOCUS, and TR (trace rotation) controls. To the
right of them, all controls and switches for TIMEBASE
and triggering and the TRIG. EXT. input connector are
arranged.

The lower Y-Section contains the controls for the vertical
deflection system. On the right and left in this section are
located: vertical input connector, DC-AC-GD input cou-
pling slide switch, Y-POS. control, AMPL. attenuator
switch with variable control, and ground jack. All these
controls and connectors exist in duplicate for each of the
Channels | and Il. Four pushbuttons for selecting the
operating mode are arranged below the attenuator swit-
ches: INVERT |, CHI/l—TRIG.I/ll, DUAL, and
ALT/CHOP — 1 +1I.

The instrument is so designed that even incorrect opera-
tion will not cause serious damage. The pushbuttons
control only minor functions, and it is recommended that
before commencement of operation all pushbuttons are
in the “‘out’’ position. After this the pushbuttons can be
operated depending upon the mode of operation
required. For a better understanding of these Operating
Instructions the front panel picture at the end of these
instructions can be unfolded for reference alongside the
text.

The R 1029 B accepts all signals from DC (direct voltage)
up to a frequency of at least 20MHz (-3dB). For sine-
wave voltages the upper frequency limit will be
30-35MHz. However, in this higher frequency range the
vertical display height on the screen is limited to approx.
4-5¢cm. In addition, problems of time resolution also
arise. For example, with 26MHz and the fastest ad-

justable sweep rate (40ns/cm), one cycle will be
displayed every 1cm. The tolerance on indicated values
amounts to +3% in both deflection directions. All values
to be measured can therefore be determined reatively ac-
curately. However, from approximately 6 MHz upwards
the measuring error will increase as a result of loss of
gain. At 12MHz this reduction is about 10%. Thus, ap-
proximately 11% should be added to the measured
voltage at this frequency. As the bandwidth of the
amplifiers differ (normally between 20 and 25MHz), the
measured values in the upper limit range cannot be
defined exactly. Additionally, as already mentioned, for
frequencies above 20MHz the dynamic range of the
display height steadily decreases. The vertical amplifier is
designed so that the transmission performance is not
affected by its own overshoot.

Safety

This instrument is designed and tested according to inter-
national safety standards (e.g. /EC 348: Safety re-
quirements for electronic measuring apparatus). The
instrument has left the factory in perfect safety condition.
To preserve this state and to ensure operation without
danger, the user must observe all advises and warning
remarks in these Operating, Test, and Service Instruc-
tions. The case, chassis, and all measuring terminals
are connected to the Safety Earth conductor. The
specification of the instrument corresponds to Safety
Class | (three-conductor AC power cable). The grounded
accessible metal parts (case, sockets, jacks) and the
power line circuit of the R 1029 B are tested against one

M1 R 1029 B
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another with 1500V 50Hz. Under certain conditions,
50Hz or 60Hz hum voltages can occur in the measuring
circuit due to interconnection with other mains/line
powered instruments or devices. This can be avoided by
using a protective isolating transformer between the
mains/line outlet and power plug of the R 1029 B.
Without an isolating transformer, the instrument’s power
cable must be plugged into an approved three-contact
electrical outlet, which meets International Elec-
trotechnical Commission (IEC) safety standards.

Warning!

Any interruption of the protective conductor inside or
outside the instrument or disconnection of the protec-
tive earth terminal is likely to make the instrument
dangerous. Intentional interruption is prohibited.

If a protective isolating transformer is used for the
display of signals with high zero potential, it should be
noted that these voltages are also connected to the
oscilloscope’s case and other accessible metal parts.
Voitages up to 42V are not dangerous. Higher
voltages, however, involve a shock hazard. In this
case, special safety measures must be taken and must
be supervised by qualified personnel.

As with most electron tubes, the cathode-ray tube
develops X-rays. With the R 1029 B the dose equivalent
rate falls far below the maximum permissible value of
36pA/kg.

Operating Conditions

Admissible ambient temperature range during operation:
+10°C ...+40°C. Admissible ambient temperature
range for storage or transportation: —40°C
..+ 70°C. If condensed water exists in the instrument it
should not be turned on before acclimatization is
achieved. In some cases (an extremely cold oscilloscope)
about two hours should be allowed before putting the in-
strument into operation. The instrument should be placed
in a clean and dry room. In other words, the instrument
may not be put into operation in explosive, corrosive,
dusty, or moist environments. The instrument may be
operated in any position, however, the convection cool-
ng must not be impaired. Therefore, when the instru-
ment is in continuous operation it should be used in the
horizontal position preferably on its tilt stand.

The instrument must be disconnected and secured
against unintentional operation if there is any presump-
tion that safe operation is not possible. This supposition
is qualified

— if the instrument has visible damage,

— if the instrument has loose parts,

— if the instrument does not function,

— after a long storage under unfavourable
circumstances (e.g. out of doors or in moist
environments),

— after excessive transportation stress (e.g. in poor
packaging).

Use of the Tilt Handle

The handle of the oscilloscope can be fixed in three posi-

tions, one for use as a carrying handle and two positions

as a tilt stand. With the tilt handle the instrument can be
inclined 10° or 20° to the horizontal.

Handling is as follows:

— Place the R 1029 B on its rear feet. The front drop-in
pins in the hinges will fall back into the front groove of
the notched discs (fixed on cabinet).

— Pull the handle only about 5 mm out of its locking posi-
tion and turn it towards the lower edge of the front
panel.

— Lock the handle into the required position by pushing it
back towards the hinges.

— Place the instrument in its work area.

C/J

Y

Ll

0°

10°
[
ol L5
Handle in carrying position
20

First Time Operation

Check that the instrument is set to the correct
mains/line voltage.

On delivery, the instrument is set to AC 240V +£10%
(50-60Hz) mains/line voltage. The power plug-in unit at
the rear contains the three-pin power connector. For this
a three wire power cord with triple-contact connector
and three-pole power plug is required. The unit also con-

M2 R 1029 B

w



=ik

tains the power fuse, which is interchangeable for the dif-
ferent mains/line voltages. The fuse holder with its
square top plate can be pulled out, and changing of the
mains/line voltage is possible by turning this plate 90
degrees for each of the four voltages marked on the plate
(see triangle on the rear panel below the fuse holder).
The fuse holder should then be plugged in again in the
desired position, which should be the closest value of
the measured mains/line voltage in your area. The set
value is always readable on the lower edge of the fuse
holder. The power fuse must correspond to the voltage
selected and when necessary should be replaced. The
type and rated current are given on the rear panel and in
the Service Instructions.

Before applying power to the oscilloscope, it is recom-
mended that the following simple procedures are per-
formed:

— Check that all pushbuttons are in the out position, i.e.
released.

— Rotate the three variable controls with arrows, i.e.
TIMEBASE variable control, CH.l and CH.Il at-
tenuator variable controls, fully counterclockwise in
their calibrated detent.

— Set the control knobs with marker lines to their mid-
range position (marker lines pointing vertically).

— The slide switch in the X-Section should be set to its
uppermost AC position.

— Both input coupling slide switches for CH.l1 and CH.II
in the Y-Section should be set to the GD position.

Switch on the oscilloscope by depressing the red
POWER pushbutton. An LED will illuminate to indicate
the working order. The trace, displaying one baseline,
should be visible after a short warm-up period of 10
seconds. Adjust Y-POS.I and X-POS. controls to center
the baseline. Adjust INTENS. (intensity) and FOCUS
controls for medium brightness and optimum sharpness
of the trace. The oscilloscope is now ready for use.

If only a spot appears (CAUTION! CRT phosphor can be
damaged.), reduce the intensity immediately and check
that the HOR. EXT. pushbutton is in the released (out)
position. If the trace is not visible, check the correct posi-
tions of all knobs, buttons, and switches (particularly
AT/NORM. button in out position).

To obtain the maximum life from the cathode-ray tube,
the minimum intensity setting necessary for the measure-
ment in hand and the ambient light conditions should be
used. Particular care is required when a single spot is
displayed, as a very high intensity setting may cause
damage to the fluorescent screen of the CRT. Switching
the oscilloscope off and on at short intervals stresses the
cathode of the CRT and should therefore be avoided.

In spite of Mumetal-shielding of the CRT, effects of the
earth’s magnetic field on the horizontal trace position
cannot be completely avoided. This is dependent upon
the orientation of the oscilloscope on the place of
work. A centred trace may not align exactly with the
horizontal center line of the graticule. A few degrees of
misalignment can be corrected by a potentiometer
accessible through an opening on the front panel
marked TR.

DC Balance Adjustment

The vertical preamplifiers for CH.1 and CH. Il contain in-
put source followers with matched dual FETs. After long
periods of use the FET characteristics may change which
can alter the DC balance of the vertical amplifier.

A quick check can be made on each channel by rotating
the variable control knob on the attenuator switch to and
fro, clockwise and back to the calibrated detent C. If the
trace moves from the vertical position (up or down) by
more than 1mm, the DC balance will require readjust-
ment. This check should be made after a 20 minute
warm-up period.

Adjustment procedure

The following instructions should be performed to obtain

the correct DC balance adjustment. of both channels.

— Remove all input cables and adjust oscilloscope con-
trols to display the baseline.

— Center the baseline using Y-POS. and X-POS. con-
trols.

— Set attenuator switches to 5mV/em and input cou-
pling switches to GD.

— Release all pushbuttons in the Y-Section.

— Place the oscilloscope so that it rests firmly on its back
(upright position) and locate DC balance adjustment

potentiometer access holes — marked CH.l DC-
BALANCE CH.Il — which are found underneath the
instrument.

— Insert a screwdriver (blade approx. 3mm, length min.
20mm) in CH. 1 hole. Behind the hole, a plastic funnel
with slotted bottom is located.

— Rotate AMPL.I variable control to and fro and adjust
balance pot so that the baseline no longer moves up or
down. When the trace remains steady, correction of
CH. I is completed.

— Depress CHI/II button. Repeat adjustment procedure
for CH. Il

Probe Adjustment

To achieve the undistorted display of signals when using
an X10 or X100 attenuator probe, the probe must be

M3 R 1029 B
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compensated to match the input impedance of the ver-
tical amplifier. This can be easily achieved as the
R 1029 B has a built-in square-wave generator with a
repetition frequency of approx. 1kHz and an output
voltage of 0.2Vpp +1%.

The method employed is as follows. The probe tip with
its sprung hook is connected to the output eyelet
designated by CAL. (calibrator) on the front panel of the
instrument. The probe trimmer is then adjusted by using
the trimming tool supplied. The correct display is shown
in the following figure.

(

incorrect correct incorrect
The TIMEBASE switch should be in the 0.2ms/cm posi-
tion. The input coupling is set to DC. If the attenuator
sensitivity is set to 5mV/em (variable control to C), the
display will have a height of 4em when an X10 probe is
being compensated. As an attenuator probe is constantly
subjected to considerable stresses, the compensation
should be frequently checked.

It should be noted that the frequency of the square-wave
generator is unsuitable for the time calibration. Further-
more, the pulse duty factor has not the 1:1 value. Finally,
the rise and fall times of the square signal are so fast that
the edges — even with maximum intensity — are visible
only with difficulty. This is not a flaw, but actually the
precondition for a simple and exact probe compensation
(or a deflection coefficient check) like horizontal pulse
tops, calibrated pulse amplitude, and zero potential on
the negative pulse top.

Type of Signal

All types of signals whose frequency spectrum is below
20MHz can be displayed on the R 1029 B. The display of
simple electrical processes such as sinusoidal RF and AF
signals or ripple voltage poses no problems. However,
when square or pulse-shaped signals are displayed, it
must be remembered that their harmonic content must
also be transmitted. In this case, the bandwidth on the
vertical amplifier must be considerably higher than the
repetition frequency of the signal. In view of this, ac-
curate evaluation of such signals with the R 1029 B is on-
ly possible up to a maximum repetition rate of 2 MHz.
Operating problems can sometimes occur when com-
posite signals are to be displayed, especially if they do

not contain any suitable level components and repetition
frequency which can be used for triggering. This occurs,
for example, with burst signals. To obtain a stably trig-
gered display in these cases, it may be necessary to use
‘Normal Triggering and/or the TIMEBASE variable con-
trol. Television video signals are relatively easy to trig-
ger. However, when investigating signals at frame rate,
the TRIGGER SELECTOR slide switch has to be set in LF
position (low-pass filter). In this mode, the more rapid
line pulses are attenuated so that, with appropriate level
adjustment, triggering can easily be carried out on the
leading or trailing edge of the frame synchronizing pulse.

For optional operation as a DC or AC voltage amplifier,
each channel is provided with a DC-AC coupling switch.
The DC position should only be used with an attenuator
probe or at very low frequencies or if the determination of
the DC voltage content of the signal is absolutely
necessary.

However, when investigating very low-frequency pulses,
disturbing ramp-offs may occur with AC coupling. In this
case, DC operation is to be preferred if the signal voltage
is not superimposed on a too high DC voltage level.
Otherwise, a capacitor of adequate capacitance must be
connected before the input of the vertical amplifier
(switched to DC coupling). It should be remembered that
this capacitor must have a sufficiently high breakdown
voltage. DC operation is also recommended for the
display of logic and pulse signals, particularly if their
pulse duty factor changes permanently during operation.
Otherwise, the display will move up and down with any
change. DC voltages can only be measured in the DC
position.

Amplitude Measurements

In general electrical engineering, alternating voltage data
normally refers to effective values (rms=root-mean-
square value). However, for signal magnitudes and
voltage designations in oscilloscope measurements, the
peak-to-peak voltage (Vpp) value is applied. The latter
corresponds to the real potential difference between the
most positive and most negative points of a signal
waveform.

If a sinusoidal waveform, displayed on the oscilloscope
screen, is to be converted into an effective (rms) value,
the resulting peak-to-peak value must be divided by
2x1/§=2.83. Conversely, it should ‘be observed that
sinusoidal voltages indicated in Vrms (Veff) have 2.83
times the potential difference in Vpp. The relationship
between the different voltage magnitudes can be seen
from the following figure.

M4 R 1029 B
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Voltage values of a sine curve
Vrms = effective value; Vp=simple peak or crest value;
Vpp = peak-to-peak value; Vmom = momentary value.

The minimum signal voltage required at the vertical
amplifier input for a display of 1cm is approximately
2mVpp. This is achieved with the AMPL. attenuator
control set at 5mV/cm and its variable control in the ful-
ly clockwise position. However, smaller signals than
this may also be displayed. The deflection coefficients
on the input attenuators are indicated in mV/cm or V/ecm
(peak-to-peak value).

For exact amplitude measurements, the variable con-
trol on the attenuator switch must be set to its
calibrated detent C.

The magnitude of the applied voltage is ascertained by
multiplying the selected deflection coefficient by the
vertical display height in cm.

If an attenuator probe X10 is used, a further
multiplication by a factor of 10 is required to ascertain
the correct voltage value.

With direct connection to the vertical input, signals up to
160Vpp may be displayed.

With the designations

H = display height in cm,

U =signal voltage in Vpp at the vertical input,

D = deflection coefficient in V/cm at attenuator switch,
the required quantity can be calculated from the two
given quantities:

- D- =Y "
U=DH W=z D

Ile

However, these three values are not freely selectable.
They have to be within the following limits (trigger
threshold, accuracy of reading):

H between 0.5 and 8cm, if possible 3.2 to 8cm,

U between 2.5mVpp and 160Vpp,

D between 5mV/cm and 20V/cm in 1-2-5 sequence.

Examples:
Set deflection coefficient D=50mV/cm £ 0.05V/cm,

observed display height H=4.6cm,
required voltage U= 0.05-4.6 = 0.23Vpp.

Input voltage U= 5Vpp,
set deflection coefficient D= 1V/cm,
required display height H=5:1 = 5cm.

Signal voltage U =220Vrms-2-}/2 = 622Vpp

(voltage > 160Vpp, with probe X10: U=62.2Vpp),
desired display height H= min. 3.2cm, max. 8cm,
max. deflection coefficient D= 62.2:3.2=19.4V/cm,
min. deflection coefficient D= 62.2:8 =7.8V/cm,
adjusted deflection coefficient D = 10V/cm.

If the applied signal is superimposed on a DC (direct
voltage) level, the total value (DC + peak value of the
alternating voltage) of the signal across the Y-input
must not exceed +500V. This same limit applies to nor-
mal attenuator probes X10, the attenuation ratio of
which allows signal voltages up to approximately
1,000Vpp to be evaluated. Voltages of up to approx-
imately 3,000Vpp may be measured by using a high
voltage probe which has an attenuation ratio of 100:1. It
should be noted that its Vrms value is derated at higher
frequencies (see page M7: Connection of Test Signal). If
a normal X10 probe is used to measure high voltages,
there is the risk that the compensation trimmer bridging
the attenuator series resistor will break down causing
damage to the input of the oscilloscope. However, if for
example only the residual ripple of a high voltage is to be
displayed on the oscilloscope, a normal X10 probe is suf-
ficient. In this case, an appropriate high voltage capacitor
(approx. 22-68nF) must be connected in series with the
input tip of the probe.

It is very important that the oscilloscope input coupling is
set to DC, if an attenuator probe is used for voltages
higher than 500V (see page M7: Connection of Test
Signal).

With input coupling switched to GD and with the Y-POS.
control, a horizontal graticule line can be adjusted as a
reference axis for ground potential. |t can be placed
underneath, on, or above the horizontal center line, as
the case may be to measure positive and/or negative
deviations from ground potential. Some switchable
probes have a built-in reference switch position for the
same application.

Time Measurements

As a rule, all signals to be displayed are periodically
repeating processes and can also be designated as
periods. The number of periods per second is the recur-
rence frequency or repetition rate. One or more signal
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periods or even part of a period may be shown as a func-
tion of the adjustment of the TIMEBASE switch. The time
coefficients on the TIMEBASE switch are indicated in
ms/cm and us/cm. Accordingly, the dial is subdivided
into two sectors.

The duration of a signal period or a portion of the
waveform is ascertained by multiplying the relevant
time (horizontal distance in cm) by the time coefficient
selected on the TIMEBASE switch.

The time variable control (small knob on the
TIMEBASE switch) must be in its calibrated detent (C)
for accurate measurement (arrow horizontal and poin-
ting to the left).

With the designations

L =displayed wave length in cm of one period,

T = time in seconds for one period,

F =recurrence frequency in Hz of the signal,

Tc = time coefficient in s/cm on timebase switch

and the relation F=1/T, the following equations can be
stated:

-y =TI =T
T=1LTc L_Tc Tc—L
_ 1 -1 - s
F =TT sl % =Ty

However, these four values are not freely selectable.
They have to be within the following limits:

L between 0.2 and 10cm, if possible 4 to 10cm,

T between 0.05us and 2s,

F between 0.5Hz and 20MHz,

Tc between 0.5us/cm and 200ms/cm in 1-2-5 se-
quence (with X-MAGN. X5 button in out position).

With depressed X-MAGN. X5 pushbutton the Tc value
must be divided by 5.

Examples:

Displayed wavelength L= 7cm,

set time coefficient Te = 0.5us/cm,

required period T=7:0.5-10°%=3.5us
required rec. freq. F=1:(3.5-10°) = 286kHz.

Signal period T=0.5s,
set time coefficient Te=0.2s/cm,
required wavelength L=0.5:0.2 = 2.5cm.

Displayed ripple wavelength L= 1cm,
set time coefficient Te= 10ms/cm, |
required ripple freq. F=1:(1-10-10°) = 100Hz.

TV-line frequency F= 15 625Hz,
set time coefficent Te= 10us/cm,

required wavelength L= 1:(15 625:10°) = 6.4cm.

Sine wavelength L= min. 4cm, max. 10cm,
Frequency F = 1kHz,

max. time coefficient Tc=1:(4-10%) =0.25ms/cm,
min. time coefficient Tc=1:(10-103%) = 0.1 ms/cm,
set time coefficient Tc = 0.2ms/cm,

required wavelength L= 1:(10°-0.2-10%) = 5em.

Displayed wavelength L= 0.8cm,

set time coefficient Tc = 0.5us/cm,

pressed X-MAGN. X5 button: Tc=0.1us/cm,
required rec. freq. F=1:(0.8-0.1-10°%) = 12.5MHz,
required period. T=1:(12.5-10°%) = 80ns.

If the time is relativel\; short as compared with the com-
plete signal period, an expanded time scale should
always be applied (X-MAGN. X5 button depressed). In
this case, the ascertained time values have to be divided
by 5.

When investigating pulse or square waveforms, the
critical feature is the risetime of the voltage step. To
ensure that transients, ramp-offs, and bandwidth limits
do not unduly influence the measuring accuracy, the
risetime is generally measured between 70% and 90%
of the vertical pulse height. For peak-to-peak signal
amplitudes of 5em height, which are symmetrically ad-
justed to the horizontal center line, the internal graticule
of the CRT has two horizontal dotted lines +2.5cm from
the center line. Adjust the Y attenuator switch with its
variable control together with the Y-POS. control so that
the pulse height is precisely aligned with these O and
100% lines. The 10% and 90% points of the signal will
now coincide with the two lines, which have a distance
of +2cm from the horizontal center line and an additional
subdivision of 0.2cm. The risetime is given by the pro-
duct of the horizontal distance in cm between these
two coincidence points and the time coefficient set-
ting. If magnification is used, this product must be divid-
ed by 5. The fall time of a pulse can also be measured by
using this method.

The following figure shows correct positioning of the
oscilloscope trace for accurate risetime measurement.

I ' = : 100%
l 90%

= ttoy p=—
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With a time coefficient of 0.5us/cm and depressed
X-MAGN. X5 pushbutton, the example shown in the
above figure results in a measured total risetime of

tiot = 1.6cm-0.5us/cm:5 = 160ns

When very fast risetimes are being measured, the
risetime of the oscilloscope amplifier has to be deducted
from the measured time value. The risetime of the signal
can be calculated using the following formula.

tr = ‘l/ ttot2 — tosc?

In this ttot is the total measured risetime, and tosc is the
risetime of the oscilloscope amplifier (approx. 17.5ns
with R 1029 B). If tiot is greater than 100ns, then ttot can
be taken as the risetime of the pulse, and calculation is
unnecessary (error smaller than 1%).

Connection of Test Signal

The signal to be displayed should be fed to the vertical in-
put of the oscilloscope by means of a shielded test cable
or by a X10 or X100 attenuator probe. The use of these
shielded cables with high impedance circuits is only
recommended for relatively low frequencies (up to ap-
prox. B0OkHz). For higher frequencies, and when the
signal source is of low impedance, a cable of matched
characteristic impedance (usually 50Q) is recommend-
ed. In addition, and especially when investigating
square or pulse waveforms, a resistor equivalent to
the characteristic impedance of the cable must also be
connected to the cable directly at the input of the os-
cilloscope. When using a b0Q cable a 50Q through-
termination is available from MOTOROLA. When in-
vestigating square or pulse waveforms with fast
risetimes, transient phenomena on both the edge and top
of the signal may become visible if the correct termina-
tion is not used. It must be remembered that the 50Q
through-termination will only dissipate a maximum of 2
watts. This power consumption is reached with 10V rms
or with 28Vpp sine signal. If a X10 attenuator probe is
used, no termination is necessary. In this case, the con-
necting cable is matched directly to the high impedance
input of the oscilloscope. When using attenuator probes,
even high internal impedance sources are only slightly
loaded (by approximately 10MQII12pF). Therefore,
when the voltage loss due to the attenuation of the probe
can be compensated by a higher sensitivity setting on the
R 1029 B, the probe should always be used. Also it
should be remembered that the series impedance of the
probe provides a certain amount of protection for the in-
put of the oscilloscope amplifier. It should be noted that
all attenuator probes must be compensated in conjunc-

tion with the oscilloscope (see: Probe Adjustment, page
M4).

If a X710 or X100 attenuator probe is used, the DC
input coupling must always be set. With AC coupling,
the attenuation is frequency-dependent, the pulses
displayed can exhibit ramp-off, DC-voltage contents are
suppressed — but loads the respective input coupling
capacitor of the oscilloscope. The electric strength of
which is maximum 500V (DC + peak AC). For the sup-
pression of unwanted DC voltages, a capacitor of ade-
quate capacitance and electric strength may be con-
nected before the input tip of the probe (e.g. for ripple
measurements).

With a X100 probe, the permissible AC input voltage is
frequency-dependent limited:
below 20kHz (TV line frequency!) up to
max. 1.500Vp = 3.000Vpp = 1.061Vrms;
above 20kHz (with fin MHz) up to
212 424

max. — Vp = 'op 130 Vrms
Vf g v '

Itis important to remember that when low voltage signals
are being investigated the position of the ground point on
the test circuit can be critical. This ground point should
always be located as close as possible to the measuring
point. If this is not done, serious signal deformation may
result from any spurious currents through the ground
leads or test chassis parts. This comment also applies to
the ground leads on attenuator probes which ideally
should be as short and as thick as possible. For the con-
nection of a probe to a BNC socket, a BNC-adapter
should be used. It forms often a part of the probe
accessory. Grounding and matching problems are then
eliminated.

The location and quantitative measurement of a
magnetic leakage (e.g. from power transformer) into a
circuit is possible using a pick-up coil. If the coil has many
windings, it should be shielded against static fields (non-
magnetic shield without short-circuited turn). Also the in-
terconnection between coil and oscilloscope vertical in-
put should be made by a shielded cable with BNC male
connector at one end. A resistor of approx. 100Q should
be connected in series between cable core and connec-
tor core. This resistor attenuates radio-frequency excita-
tion. The shieldings prevent any undesired capacitive
couplings. During measurement, use line triggering
(TRIGGER SELECTOR switch to LINE).

Hum or interference voltage appearing in the measuring
circuit (especially with a small deflection coefficient) is
possibly caused by multiple grounding, because through
it equalizing currents can flow in the shieldings of the
measuring cables (voltage drop between the non-fused
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earthed conductors of other line powered devices, which
are connected to the oscilloscope or test object, e.g.
signal generators with anti-interference capacitors).

Sometimes the trace will disappear after an input signal
has been applied. The attenuator switch must then be
turned back to the left, until the vertical signal height is
only 3-8cm. With a signal amplitude greater than
160Vpp, an attenuator probe must be inserted before
the oscilloscope’s vertical input. If, after applying the
signal, the trace is nearly blanked, the period of the signal
is probably substantially longer than the set value on the
TIMEBASE switch. It should be turned to the left on an
adequately greater time coefficient.

Caution: When connecting unknown signals to the
oscilloscope input, always use automatic triggering and
set the DC-AC input coupling switch to AC. The at-
tenuator switch should initially be set to 20V/cm.

Operating Modes of the Y Amplifier

The required operating modes are selected on four
pushbuttons located in the Y-Section. For Mono opera-
tion, all pushbuttons should be in the out position, the
instrument is then operating on Channel I only. For Mono
operation with Channel ll, the CHI/Il pushbutton has to
be pressed. Automatically, the internal trigger voltage is
derived from Channel Il. When the DUAL button is
depressed, the R 1029 B is in Dual channel operation. In
this mode, the channels are displayed consecutively
(alternate mode). This mode is not suitable for the display
of very low frequency signals (< 1kHz), as the trace will
appear to flicker or jump. Under these conditions, the
ALT/CHOP button should be depressed additionally
selecting chopped mode. In this position, both channels
then share the trace during each sweep period. For the
display of high frequency signals, the type of channel
switching selected is less important.

To select the Add mode, only the ALT/CHOP (1+1l) but-
ton should be depressed. The signals on both channels
are then added together. If in this mode Channel | is
inverted (pushbutton INVERT | depressed), then the dif-
ference between the two channels is displayed. For both
of these operating modes, the vertical position of the
trace depends on the setting of the Y-POS. controls of
both channels.

For X-Y operation, the pushbutton in the X-Section
marked HOR. EXT. must be depressed. The X signal is
then derived from the Channel /I (HOR. INP.). The
calibration of the X signal during X-Y operation is
determined by the setting of the Channel Il input
attenuator and variable control. This means that the

sensitivity ranges and input impedances are identical for
both the X and Y axes. However, the Y-POS. Il control is
disconnected in this mode. Its function is taken over by
the X-POS. control. It is important to note that the
X-MAGN. X5 pushbutton switch, normally used for
expanding the sweep, should not be operater' in the X-Y
mode. It should also be noted that the bandwidth of the X
amplifier is approximately 2.5 MHz (-3dB), and therefore
an increase in phase difference between both axes is
noticeable from 50kHz upwards.

Triggering and Timebase

In order to obtain a satisfactory stable display, the
timebase must be triggered synchronously with the test
signal. The trigger signal can be derived from the test
signal itself, when internal triggering is selected, or from
a frequency related signal applied to the external trigger
input.

If the AT/NORM. pushbutton in the X-Section is in the
out position AT (Automatic Triggering), the sweep
generator will be triggered automatically. In the AT posi-
tion and with proper trigger control settings, the sweep
can be started by virtually all uncomplicated signals with
repetition rates above about 30Hz and within the fre-
quency range selected by the trigger coupling switch,
provided that the displayed signal height is at least 5mm
(trigger threshold for internal triggering). In the absence
of an adequate trigger signal or when the trigger controls
are misadjusted, the sweep free-runs and produces a
baseline (time axis) as a reference trace. Automatic Trig-
gering takes place without operating the LEVEL con-
trol. This trigger mode operates in principle also with ex-
ternal triggering via the TRIG. EXT. connector. However,
the (synchronous) trigger voltage required for it should be
approximately in the 0.6-10Vpp range. .

With Normal Triggering (AT/NORM. button depressed)
and LEVEL adjustment, the sweep can be started by
signals within the frequency range selected by the trigger
coupling switch. In the absence of an adequate trigger
signal or when the trigger controls (particularly the
LEVEL control) are misadjusted, no trace is visible, i.e.
the screen is blanked completely. When using the inter-
nal Normal Triggering mode, it is possible to trigger at
any amplitude point of a signal edge, even with very
complex signal shapes, by adjusting the LEVEL control.
Its adjusting range is directly dependent on the display
height, which should be at least 5mm. If it is smaller than
1cm, the LEVEL adjustment needs to be operated with a
sensitive touch. In the external Normal Triggering mode,
the same is valid relating to a small external trigger
voltage amplitude.
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