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SAFETY SUMMARY

The following general safety precautions must be observed during operation of this instrument. Failure to
comply with these precautions or with specific warnings elsewhere in this manuel violates safely standards
of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no liability
for the customer’s fatlure to comply with these requirements.

'GROUND THE INSTRUMENT.
To minimize shock hazard, the instrument chassis and cabinet must be connected to an electrical ground. The
instrument is equipped with a three-conductor ac power cable. The power cable must either be plugged into
an approved three-contact outlet or used with a three-contact to two-contact adapier with the grounding wire -
f{green) firmly connected to an electrical ground (safety ground) at the power outlet. The power juck and
mating plug of the power cable meet International Electrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE,
Do not operate the instrument in the presence of flammable gases or fumes. Operation of any electrical
instrument in such an environment constitutes a definite safety hazard.

DO NOT REMOVE INSTRUMENT COVERS. _
Operating personnel must not remove instrument covers. Component replacement and internal adjustments
must be made by qualified maintenance personnel.Service instructions for this instrument are provided in a
separate Operating and Service Manual, '

DANGERCUS PROCEDURE WARNINGS. .
Warnings such as the example below, precede potentially dangerous procedures throughout this manual!
Instructions contained in the warnings must be followed.

WARNING

Dangerous voltages, capable of causing death, are present in this instrument,
Use extreme caution when handling, installing or operating.
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MODEL 1740A OPERATORS GUIDE

OPERATING INSTRUCTIONS

GENERAL INFORMATION.

This Operators Guide will acgquaint you with the
Model 1740A features, capabilities, accessories, power
requirements, and contrels. To aid in operating the
oscilloscope, initial turn-on and calibration procedures
and a performance check are provided. In the Appli-
cations "Section are detailed explanations showing
how you can use the varied capabilities of the Model
1740A to best advantage in a variety of electrical
measurements. Model 1740A specifications and gen-
eral characteristics are listed in fables 1 and 2.
Service information is available in a separate service
manual.

DESCRIPTION.

The Hewlett-Packard Model 1740A is a dual-channel,
100-MHz, delayed-sweep oscilloscope designed for
general-purpose bench or field use. The dual-channel
de to 100 MHz vertical deflection system has 12
calibrated deflection factors from 5 mV/div to 20 V/
div. A maximum sensifivity of 1 mV/div to 40 MHz is
provided on both channels by means of a 5X vertical

magnification. Selectable input impedance of either
50 'ohms or 1 megohm permits vou to select the
impedance that best meets your measurement apph-
cation. The horizontal deflection system has calibrated
sweep rates from 2 s/div to 0.0b pus/div and delayed-
sweep rates from 20 ms/div to 0.05 us/div. A 10X
magnifier expands all sweeps by a factor of 10 and
extends the fastest .sweep to 5 ns/div. In alternate or
chop modes, a trigger-view control will display three
signals: the channel A signal, the channel B signal,
and the trigger signal. This allows vou to correlate the
time between the trigger signal and the channel A
and channel B signals., In trigger-view operation,
center screen represents the trigger threshold point,
allowing vou to see the triggering level location. With
the A VS B control, an X-Y mode of operation is
possible. The channe] A input (Y-axis) is plotted versus
the channel B input (X-axis). The CRT has 8- by 10-
cm major divigions on an internal graticule.

ACCESSORIES FURNISHED.

A blue light filter (HP Part Number 01740-02701),
front-panel cover, power cord, viny! accessory storage
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Table 1. Specifications

VERTICAL DEFLECTION

(Two Channels)

RISE TIME: <3.5 ns (measured from 10% to 90%
points of 6-division input step).

*BANDWIDTH: de to 100 MHz.
*Measured 3-dB down from 8-div reference. Band-
width may be iimited to approximately 20 MHz by
BW LIMIT switch.
Lower 3-dB Limit, ac Coupling: ~10 Hz.**

#* ~1 Hz with 10:1 probe.

DEFLECTION FACTOR

Ranges: 5 mV/div to 20 V/div in 12 calibrated
positions.t _ ’
¥1, 2, 5 seguence, accurate within 3%. With vernier
uncalibrated, continuously variable between ranges
and to at least 50 V/div.

INPUT RC (SELECTABLE)

AC and DC: 1 megohm #2% shunted by approxi-
mately 20 pF.

50 Chm: 50 ohms 3%, VSWR <1.4:1 at 100 MHz
on all ranges.

MAXIMUM INPUT VOLTAGE

AC and DC: 250 V (de + peak ac) or 50OV pp
ac at 1 kHz or less.
50 Chm: 5 Vyms.

A + B OPERATION

Ditferential {A -~ B) Common Mode: CMRR is at
least 20 dB from de to 20 MHz. Common
meode signal amplitude equivalent to 8 div
with one vernier adjusted for opiimum
rejection.

VERTICAL MAGNIFICATION (X5)

Bandwidih: 3 dB down from 8-division reference
signal.

De-coupted: de to ~40 MHz (ac-coupled; ~10 Hz
to 40 MHz).

Rise Time: <9 ns (measured from 10% to 90%
points of 8-division input step).

Deflection Factor: increases sensifivity of each
deflection factor setting by a factor of five
with a maximum sensitivity of I mV on chan-
nels A and B,
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Table 1. Specifications (Cont'd)

MAIN AND DELAYED SWEEP
'RANGES

Main: 50 ns/div to 2 s/div (24 ranges)in 1,2, 5

sequence. :

Deiayed: 50 ns/div to 20 ms/div (18 ranges) in
1, 2, 5 sequence.

ACCURACY
Sweep Time/ *Aceuracy Temperature
Division X1 Xio Range
3% 4% 0°C to 15°C
50 ns to 20 ms 2% +3% 15°C to 35°C
3%  24% a5°C to 55°C

*30 ms to 2 s add 1%

Sweep Vernier (Main Only): continvously vari-
able between all ranges and extends slowest
sweep to at least 5 s/div. Front panel UNCAL
hght indicates when vernier is not in CAL
position. '

X10 Magnifier: expands all sweeps by a factor
of 10 and extends fastest sweep to & ns/div.

CALIBRATED SWEEP DELAY

DELAY TiME RANGE: 0.5 to 10 x MAIN TIME/

DIV setting; 100 ns to 2 s (minimum delay
150 ng).

DIFFERENTIAL TIME MEASUREMENT ACCURACY

*Accuracy

Main Time Base Setting (+15°C to +35°C)

100 ns/div to 20 ms/div] £(0.5% +0.1% of full scale)

50 me/div to 2 s/div (1% +0.1% of full scale}

*Add 1% for temperatures from
0°C to +15°C and +35°C to +55°C

Delay ditter: <0.002% (1 part in 56 000} of maxi-
mum delay in each step from +15°C to +35°C;
<0.005% (1 part in 20 000) from 0°C to
+15°C and +35°C to +55°C.

TRIGGERING

INTERNAL: dc to 25 MHz on signals causing 0.3
division or more vertical deflection, increasing
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Table 1. Specifications {Cont'd)

to 1 division of vertical deflection at 100 MHz
in all display modes.
Increase signal level by 2 when in CHOP and by &
when MAG X5 is used.

EXTERNAL. de to 50 MHz on signals of 50 mV
p-p or more increasing to 100 mV p-p at 100
MHz:.

Increase signal level by 2 when in CHOP.

LEVEL AND SLOPE

internal: at any point on the positive or negative
slope of the displayed waveform.

External: continuously variable through 1.5V
on either slope of the trigger signal; 15 V in
+10.

MAXIMUM INPUT VOLTAGE

AC and DC: 250 V (de + peak ac) or 500 V p-p
ac at 1 kHz or less.

TRIGGER VIEW

Dispiays the internal or external trigger signal, In
alternate or Chop mede (dual channel) channel
A, channel B, and the trigger signal are dis-

played. In channel A or B mode (single channel),
trigger view overrides that channel and displays
the trigger signal. Displayed amplitude of the
internal trigger signal is approximately the same
as the on-screen vertical signal. Deflection factor
of the external trigger signal is 100 mV/div or
1 V/div in EXT + mode. Trigger point of the main
sweep is approximately at the point that the dis-
played trigger signal crosses center screen.
With identically timed signals applied to a verti-
cal channel and the external trigger input, the
trigger signal is delayed by 2.5 ns 21 ns.

A VS B OPERATION

BANDWIDTH

A (¥-axis); same as channel A.
B (X-axis): dc to b MHz.

DEFLECTION FACTCR: 5 mV/div to 20 V/div
(12 calibrated positions} in 1, 2, 5 sequence.

PHASE DIFFERENCEBETWEEN CHANNELS: <8°dc
to 100 kHz.
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Table 1. Specifications (Cont'd)

CATHODE-RAY TUBE AND CONTROLS

Maximum input +20 V (dec + peak ac).

. Z-AXIS INPUT: +4 V, »50-ns width pulse blanks
trace of any intensity, useable to <10 MHz for
normal intensity. Input R, 1 kilohm +10%.

GENERAL
CALIBRATOR
Type: approximately 1.4-kHz square wave,
<(.1 us rise time.
Voltage: I V p-p into #1 megokrn; 0.1 V p-p into
50 chms.
Accuracy: £1%.

REAR PANEL OUTPUTS: Main and delayed gates,
OVio>+25V.

Table 2. General Characteristics

VERTICAL DEFLECTION
{Two Channels)

mately 250 kHz rate); A + B; and Trigger View.
IMPUT COUPLING: selectable for AC or DC, 50
ohms (de}, or ground. Greund position dis-
connects input connector and grounds ampli-
fier input.
- SIGNAL DELAY: input signals are delayed suffi-
ciently to view leading edge of. input pulse
without advanced trigger.

DISPLAY MODES: channe! A; channel B (Nor
mal or Invert); Alternate; chopped (approxi-

HORIZONTAL DEFLECTION

DISPLAY MODES: main, main intensified,
mixed, delayed, MAG X10, and A vs B.

TRIGGERING
MAIN SWEEP

Normal: sweep is triggered by internal or
external signal.
Automatic: bright baseline displayed in absence

of input signal. Triggering is same as normal
above 40 Hz.
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Table 2. General Characteristics (Cont'd)

Singfe:  sweep occurs once with same trig-
gering as normal; reset pushbutton arms
sweep and lights indicator.

DELAYED SWEEP

Auto: delaved sweep auntomatically starts at
end of delay period.

Trig: delayed sweep is armed and triggerable
at end of delay period from selected sources.

TRIGGER SOURCE

Selectable from channel A, channel B, com-
posite, or line frequency (composite trig-
gering on displayed signal except in chop;
in chop, channel A is trigger source).

External input RC: approximately 1 megohm
shunted by approximately 20 pF.

Coupling: AC, DC, LF REJ, or HF REJ.
AC: attenuates signals below approximately
20 Hz.

LF REJ: {main sweep only) atienuates signals
below approximately 4 kHz.

HF REJ: (main sweep only) attenuates signals
above approximately 4 kHz.

TRIGGER HOLDOFF: {main sweep only) in-
creases sweep holdoff time in all ranges.

CATHODE-RAY TUBE AND CONTROLS

TYPE: post accelerator, approximately 15 kV
accelerating potential; aluminized P31 phosphor.

GRATICULE: 8- by 10-div internal graticule;
0.2-div subdivisions on major horizontal and
vertical axes. 1 div = 1 cm. Internal flood gun
graticule Hlumination.

BEAM FINDER: returns trace to CRT screen re-
gardless of setting on horizontal, vertical, or
intensity controls.

REAR PANEL CONTROLS: astigmatism and frace
align.
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NOTES:

ARE REQUIRED FOR BUILDING
YOUR HP FIELD ENGINEER.

2. DIMENSIONS ARE IN MiLLIMET
({NCHES),

Table 2. General Characteristics (Cont'd)

1. DIMENSIONS ARE FOR GENERAL
INFORMATION ONLY, IF DIMENSIONS

SPECIAL INCLOSURES, CONTACT
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Table 2. General Characteristics (Cont'd)

GENERAL

POWER: 100, 120, 220, 240 Vac, +10%,48 to 440 Hz,
100 VA maximum.

WEIGHT: (with accessories) net, 13 kg (28.6 1b};
shipping, 15.7 kg (34.6 Ib).

DIMENSIONS: see outline drawing.

OPERATING ENVIRONMENT

Temperature: 0°C to 55°C.

Humidity: up to 95% relative humidity at 40°C.

Altitude: to 4600 m (15 000 ft).

Vibration: vibrated in three planes for 15 min-
utes each with 0.254 mm (0.010 in.) excursion
10 to 55 Hz).

pouch, and two Model 100060 10:1 divider probes
approximately 2 m (6 ft) long.

ACCESSORIES AND OPTIONS AVAILABLE.
Several divider probes are available with various volt-
age division ratios and lengths.

Model 10002A: 50:1, approximately 1.5 m (5 ft} long.
Model 10004D: 10:1, approximately 1.1 m (3.5 ft) long.
‘Mode] 100078: 1:1, approximately 1.1 m (3.5 ft) long.
Model 10020A resistive divider probe kit has a probe

iength of approximately 1.2 m (4 ft) and division ratios
of 1:1, 5:1, 10:1, 20:1, 5C:1, and 100:1.

Option 030 deletes the two Model 100061} divider
probes normally supplied. You may specify other
probes listed that are more suited to your requirements.

A metal mesh contrast sereen (HP Part Number
01741.07101) improves display contrast and serves
as an RFT filter.

Model 10140A collapsible viewing hood aids in view-
ing low duty-cycle signals that are hard to see in high
ambient light. With a Model 10376A adapter, the
Model 197A camera can be utilized.

Models 1001A, 1002A, and 1114A testmobiles all
accept the Model 1740A and provide convenient,
mobile stands for the oscilloscope.

Option 101 is designed for optimum performance with
the HP Model 1607A Logic State Analyzer to provide
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both logical state and electrical analysis. The X-Y
mode of operation is deleted.

PREPARATION FOR USE.

| warning |

Read the Safety Summary at the front of
this guide before installing or operating
the instrument. :

POWER CORD.

The power cord required depends on the ac input
voltage and the country in which the instrument is to
be used. Figure 1 illustrates standard power receptacle
(wall outlet) configurations. The HP part number
shown above each receptacle drawing specifies the
power cord equipped with the appropriate mating
plug for that receptacle. If the appropriate power
cord is not included with your instrument, notify the
nearest HP Sales/Service Office and a replacement
cord will be provided.

POWER REQUIREMENTS.

The oscilloscope reguires a. power source of either
100, 120, 220, or 240 volts ac +10%, single phase, 48 to
440 Hz that ecan deliver 100 VA (maximum). The

instrument is normally set at the factory for 120-voit
operation.

Operators Guide

8120-0696

8120-2296
OPTION 801 OPTION 906
8120-1682 8120-1703 8120-1521
OPTION 800 . STD

QOPTION 802

Figure 1. Power Receptacles

a

CAUTION

Instrument damage may result if the line
voltage selection switch is not correctly set
for the proper input power source.

To operate the instrument from any other ac power
source, proceed as follows:

1. Disconnect the power cable from the power
source.

2. Stand instrument on rear-panel legs and use a
blade-type screwdriver to position power selector swit-
ches through opening in bottom cover. Figure 2 shows
switched set for 120-V operation.
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]
o (CDC ) ®
tie——J:-mO‘J.

Figure 2, Line Voltage Selection Switch Settings

3. For 220-V or 240-V inputs, replace fuse F1 with o o e THD
the 0.5 ampere slow-blow fuse supplied with your
instrument (see figure 3}.

4. Connect the input power cable to the power
source.

CONTROLS AND CONNECTORS.

Front- and rear-panel photographs (see figures 27
and 28) are located at the rear of this guide on a fold-
out page for easy reference while you are reading any L ,
section. Control and connector descriptions have Figure 8. Fuse Replacement

1740A-002.-08-16

10
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index numbers that are keyed to the panel photo-
graphs. The following paragraphs provide detailed
descriptions of the confrol and connector functions.
See the Applications Section for information on using
the Model 1740A when you are making measurements.

©
o

LINE -~ Switch turns instrument power on and
off.

LINE INDICATOR - Indicator lights when the
instrument power is on.

BEAM FIND - Pressing this pushbutton in-
creases the intensity and compresses the dis-
play within the viewing area. This enables you
to locate the beam and determine the action
necessary to center a display (for example,
reduce input signal amplitude, adjust deflec-
tion factor or position confrols, or increase
intensity). :

BEAM INTENSITY - Controis the brightness of
the CRT display.

FOCWS - Adjusts the writing beam for the
sharpest trace. Always keep this display fo-
cused to prevent damaging the CRT internally.

O

Operators Guide

SCALE ILLUM ~ Adjusts the CRT background
Hlumination for good contrast between . the
background and the graticule. Useful to iliu-
minate the graticule when viewing in a dark
area, photographing - if camera has no light

-source, or prefogging film.

ALT - Channel A and B signals are displayed

. alternately on consecutive sweeps.

Channel A - Displays the channel A input sig-
nal.

Channel 8 - Displays the channel B input sig-
nal.

€© & © A+B-Pressing both channel A @ and

channel B @ displays the algebraic surmn of the
channel A and channel B input signals. If the
channel B display is inverted (press CH B
INVT @ }, an A minus B display resulis.

CHOP - Channel A and B signals are displayed

simultaneously by switching between channels
at 250-kHz rate,

11
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TRIG VIEW - Displays the selected internal or
external trigger signal at a fixed sensitivity of
approximately 100 mV/div or 1 V/div with
EXT+10 € .TRIGGERLEVEL € posi-
tions the display vertically. Center screen
indicates the trigger threshold level with re-
spect to the trigger signal. If ALT G or
CHOP @  is selected, three signals are
displayed: channel A, the selected trigger sig-
nal {at center screen), and channel B, If an
external trigger signal is selected, yvou can
correlate the time between the trigger signal
and the channel and channel B signals. If
yvou select a single channel, trigger view over-
rides that channel to display the selected trig-
ger signal,

MAG X5 - Magnifies the vertical presentation
five times, and increases the maximum sensi-
tivity to 1 mV /div, The bandwidth is decreased
to 40 MHz. Recommended on 5 mV/div and
10 mV/div ranges only.

BW LIMIT - Reduces the bandwidth of channel

A and channel B to approximately 20 MHz.

CH B INVT - Inverts the polarity of the channe!l
Beignal InA+B @ & € mode, pressing

O

Model 1740A

CHBINVT
display.

results in an A minus B

TRIGGER A - Selects a sample of the channel A
signal as the trigger signai when INT/EXT
@ isin INT.

TRIGGER B -~ When in INT, a sample of the
channel B signal is selected as the trigger
signal.

(15 & (D COMP - When the display mode is set to

channel A, channel B, ALT, or A + B, the sweep
is triggered by the dispiayed signal. When in
CHOP, the sweep is {riggered by the channel
A signai only.

NOTE

In the following descriptions for
controis @) through @ ,only
channel A controls and connectors
are discussed. Channel B controls
and connectors are identical in
function.

m AC - Selects the input coupling and impedance

for the vertical amnplifiers. In the AC position
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the de component of the input signal is blocked.
The iower 3-dB limit is approximately 10 Hz.

GND - The input signal is disconnected from
the amplifier, and the amplifier input is
grounded.

DC - All elements of the input signal are passed
to the vertical amplifier. The input impedance
is approximately 1 megohm shunted by 20 pF.

50 2 - The input signal is de coupled, and the
input impedance is 50 Q. Pull the lever forward
and down to select this position. Do not apply
more than 5 Vrms t¢ the input connector.

VOLTS/DIV - Selects the vertical deflection
factor in a 1, 2, 5 sequence from 0.005 V/div
to 20 V/div, accurate within 3% with vernier
@ in the CAL position.

Vernier - Provides continucus control of the
deflection factor between calibrated VOLTS/
DIV ranges. Vernier range is at least 2.5 to 1.

Operators Guide

UNCAL - Lights when the vernier control is out
of detent position to indicate VOLTS/DIV is
uncalibrated.

INPUT - BNC connector to apply external sig-
nals to the channel A (Y} and channel B (X)
amplifier. Impedance and coupling are select-
able by €@ . Do not apply more than 250 V
(de + peak ac) or more than 500 V pp ac at
1 kHz or less.

POSN - Controls the vertical position of the
digplay.

CAL 1 V - Provides a 1-V peak-to-peak (within
1%) square-wave voltage signal recurring at an
approximate rate of 1.4 kHz {100 mV peak-to-
peak when terminated in 50 ),

GROUND POST - Convenient chassis ground
connector. Useful to ensure a common ground
with equipment under test,

@ s+ @ POSITION- Coarse @ and FINE

€ adiustments position the display hori-
zontally,

13
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AUTO/NORM - AUTO sweep mode {(push-
button out). A free-running sweep provides a
bright display in the absence of a trigger signal.
A trigger signal input (internal or external) of
40 Hz or more overrides AUTO operation and
sweep triggering is the same as in the NORM
mode.

NORM sweep mode {pushbutton in) requires

‘an internal or external signal to generate a

sweep and must be used if the input frequency
is less than 40 Hz.

SINGLE - Sweep occurs once with the same
triggering as in NORM. After each sweep, the
trigger circuit must be manually RESET €

RESETY - Momentary pushbutton that arms the
frigger circuit in the single-sweep mode, After
RESET € , the sweep can be triggered by
an internal or external trigger signal or by
rotating the TRIGGER LEVEL control &
through zero.

Resetf Lamp - When lit, indicates the trigger
circuit is armed. Lamp goes off at the end of
the sweep and remains off until the trigger

Model 1740A

circuit is again armed by pressing the reset
button.

MAIN -~ Selects main sweep for horizontal
display. Sweep rate and triggering are selected
by the main-sweep controls @ - @ , and

)

A VS B - Selects an XY mode of operation
with channel A input {(Y-axis} plotted versus
channel B input (X.axis). Vertical positioning
is adjusted by channel APOSN @ , and
horizontal positioning is adjusted by POSI-
TION €@ and FINE &

OPTION 101 - Deletes the A VS B function and
adds logic state display. When the Model 1740A
15 connected to a HP Model 1607A Logic State
Analyzer, pressing STATE DSPL. @  dis-
plays a 16-word table of 16-bit words, See the
Ampplications Section for details,

MAG X10 - Magnifies the horizontal display
10 times, and expands the fastest sweep time
to &5 ns/div, maintaining a sweep accuracy
within 3% at room femperature.
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MAIN TIME/DIV - The inner knob controls the

main-sweep rate, which is indicated by the -

numbers displayed in the knob skirt opening.
Sweep accuracy is within 2% {unmagnified) at
room temperatures.

DLY'D TIME/DIV - The outer rotating section
seiects the delaved-sweep rate, which is in-
dicated by the marker on the outer knoh. Sweep
accuracy is the same as with MAIN TIME/DIV.
An interlock is incorporated so the delayed
sweep is always faster than the main sweep.
When rotated out of the off position in the
MAIN mode & , a portion of the main
sweep is intensified indicating the length and
delay position of the delayed sweep with
respect to the main sweep.

SWEEP VERNIER - Provides continuous adjust-
ment of main sweep TIME/DIV between cali-
brated positions, extending the slowest sweep
to 5 s/div.

UNCAL - Lights when SWEEP VERNIER
@ s owt of the CAL detent position, and
indicates that the sweep is not calibrated.

Operators Guide

@ TRIGGER HOLDOFF - Increases the time be-
tween sweeps and aids triggering on complex
displays such as digital words,

@ & €@ TRIGGER LEVEL - Selects the voltage
level on the input trigger signal where the
sweep is triggered. With external trigger sig-
nals, the trigger level is continuously variable
from +1.5 V to —1.5 V on either slope of the
input trigger signal; +15 V to —15 V in EXT
+10 @)  mode. With internal trigger sig-
nals, the trigger level selects any point on the
vertical waveform displayed.

O & €@ POS/NEG - Two-position pushbutton
switch that selects the slope of the (EXT
G orINT @ ) trigger signal used to

start the sweep.

@ LF REJ - Attenuates internal or external trig-
ger signals below approximately 4 kHz. This
is useful to condition high-frequency signals
for best synchronization by eliminating un-
wanted low-frequency signals such as power
line interference.

15
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@ HF REJ - Attenuates internal or external trig-
ger signals above approximately 4 kHz This
1s useful o condition low-frequency signals
for best synchronization by eliminating un-
wanted high-frequency signals such as RF.

@ & O LINE - Selecting both LF REJ $ and
HF REJ removes all EXT € input

or INT € displayed signals from the trig-
ger cireuit and applies & power-line frequency
signal for triggering.

& @ AC/DC - Selects ac or dc coupling of
the input (EXT @ or € ) or displayed
(INT @ or )y signal to the trigger
circuit. The DC position must be selected for
signals below approximately 20 Hz.

@ s @ INT/EXT - INT Selects a sample of the
internal vertical signal chosen by the TRIGGER
source €O or , while EXT selects
the signal at the EXT TRIGGER @ or

€@ input for application to the main trig-
ger cirenit. Internal signals from dc to 25
MHz displaying 0.8-div amplitude or more
are sufficient for stable triggering, increasing
to 1 div of amplitude at 100 MHz. Externally
applied signals b0 mV p-p from de to 50 MHz,
increasing to 100 mV p-p at 100 MHz are
sufficient for stable triggering.

16
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€ 2 © EXT -10 - Attenuates EXT TRIGGER
@ o €@ inputsignal by a factor of 10.
D s € EXT TRIGGER - BNC connector for ex-
ternal trigger input. Input impedance is ap-
proximately one megohm shunted by approxi-
mately 20 pF. Do not apply more than 250 V
(dc + peak ac) or 500 V p-p ac at 1 kHz or less.

@ DELAY - The DELAY control provides a vari-
able delay time from 0.5 to 10 X the MAIN
TIME/DIV settings of 100 ns to 2 5. See the
Applications Section for more information.

DLY'D - Belects delayed sweep for horizontal
display. '

@ MIXED - Selects main and delayed sweeps for
the horizontal display. The first portion of the
sweep is at the main-sweep rate, and the second
portion of the sweep (starting point chosen by
DEILAY ) is at the delayed-sweep rate.
See Mixed Sweep Display under Obtaining
Basic Displays for more information.

€) SWEEP AFTER DELAY AUTO/TRIG - Selects
the method of gtarting the delaved-sween
when in main intensified, delayed, or mixed
mode operation. In AUTO, delayed sweep
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starts immediately after the delay interval,
which is the product of the DELAY @ dial
reading (div) and the main TIME/DIV @
reading. In TRIG, the delayed-trigger circuit
is armed after the delay interval and deiayed
sweep must be triggered by either an internal
or external trigger.signal. See Pulse Jitter
in the Applications Section for more informa-
tion.

@ Z-AX1S INPUT - BNC connector for intensity
modulation of the CRT display. A +4-volt,
#50-ns width pulse blanks a trace of any in-
tensity. Do not apply more than 20 V (de
+ peak ac),

€ TRACE ALIGN - Screwdriver adjustment to
align the horizontal trace with the graticule.

@ ASTIGMATISM - Screwdriver adjustment used
in conjunction with FOCUS & to achieve
a clean, sharp spot or trace. Adjustment is
easier with a stationary spot.

€} LINE INPUT - Connector for the power cord.

@ MAIN GATE OUTPUT - Provides a rectangular
output of approximately +2.5 V coincident
with the main gate.

Operators Guide

{ DLY'D GATE OUTPUT - Provides a rectangular
output of approximately +25 V coincident
with the delayed gate,

®-0

@ HORIZ - X-axis input from HP Model 1607A.

1607A INPUTS - Option 101 only.

@ VERT - Y-axis input from HP Model 16074,

@ z-AX1S - Intensity input from HP Model 1607A.

@ Fuse - 1A 250 V slow-blow for 100-V or 120-V
operation. 0.5A 250 V slow-blow for 220-V or
240-V operation.

TURN-ON PROCEDURE.

Before turning on the oscilloscope, please read and
follow the instructions in the safety summary (at the
front of this guide) and in the power cord and power
requirements paragraphs. You should alse become
familiar with the controls and their functions by reading
the Controls and Connectors Section and by referring
to figures 27 and 28 at the back of this guide.

To turn on the Model 1740A, perform the following
steps:

17
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1. Turn all control knobs to the 12 o'clock posi-
tion except verniers @ and SWEEP VERNIER
€  which should be in the CAL position; TRIG-
GER HOLDOFF €} should be on MIN. The MAIN
TIME/DIV € control should be fully clockwise.

2. All pushbuttons should be out except A € ,
A @ ,andMAIN &

3. Press the LINE switch §p ;the LINE indi-
cator  @# should light. After CRT warm up, a
free-running trace should be observed near the center
of the screen.

4. Increase (or decrease) BEAM INTENSITY
to a comfortable viewing level, and adiust
FOCUS & as necessary for the sharpest trace.

OPERATORS CALIBRATION.

A few checks and adjustments will ensure that Model
1740A is operating properly. If the oscilloscope is
moved from one electromagnetic environment fo
another, the trace alignment control may need adjust-
ment to align the horizontal trace with the graticule.
Astigmatism and focus controls may need adjust-
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meni to obtain the sharpest display. Probe compen-
sation may be required because the total input resist-
ance and ecapacitance varies slightly from one oscillo-
scope to another,

TRACE ALIGNMENT.

1. Obtain a dispiéy as described in the turn-on
procedure.

2. With the vertical POSN control @ , align

the trace with the center graticule line.

3. With a screwdriver, adiust TRACE ALIGN
@ {on rear panel} for best trace alignment with
the graticule line.

ASTIGMATISM AND FOCUS.

1 Selet AVSB @
INTENSITY @ to alow level

and lower BEAM
2. Position the spot near the center of the CRT
with POSN @) and POSITION € controis.

3. Adjust FOCUS e and ASTIGMATISM
@ {on rear panel) for the_smallest round spot.
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PROBE COMPENSATION.

1. Connect the probe to be compensated to the
appropriate vertical channel INPUT connector @)
and the CAL 1 V output €3

. 2. Bet VOLTS/DIV
DIV &
to DC.

@ to 0.1, MAIN TIME/
to 0.2 mSEC, and input coupling €

3. Adjust the main TRIGGERLEVEL €@ for
a stable display of the calibrator square-wave volt-
age. The display should have flat tops. Any distortion
in the presentation is caused by incorrect probe
compengation,

4. If overshoot or undershoot is present, turn the
screwdriver adjustment in the probe for a flat-fop
presentation (see figure 4}.

VERTICAL ACCURACY CHECK.

1. Set the controls to the positions indicated in
the turn-on procedure, ‘

2. Apply the CAL 1V @ signal to the chan-
nel A INPUT €  connector using a BNC to ba-
nana plug adapter and a test lead with alligator clips.

Operators Guide

o Wiy - f - N
OVERSHOOT
e | | T e '
CORRECT
P il B ne B Bl s i R
UNDERSHOOT
R e e ] Sciphitin Smrmcr

1740A-003

Figure 4. Probe Compensation

3. Adjust the channel A VOLTS/DIV @ con-
trol to 0.2 V/div and the MAIN TIME/DIV )
control to 0.2 mSEC/div. The square-wave amplitude
should be five major divisions within 4%. For a
complete calibration check refer to the service manual.

TIMING ACCURACY.

1. Apply an accurate calibration signal (such as
from a HP Model 226A Time Mark Generator} to the
channel A INPUT € connector.

19
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2. Set the controls to the positions indicated in
the turn-on procedure except for MAIN TIME/DIV
which you should adjust to 0.5 uSEC/div.

3. Set a marker on the graticule line at the far
left with the horizontal position control. Markers
should line up approximately with each graticule line
across the CRT. The marker on the far right-hand
side should be within 2 mm of the graticule line.

TRIGGER SELECTION TABLE.

Table 3 will help vou in determining whether a trig-
ger mode is unuseable, useable, good, or the best
mode for various signal conditions.

OBTAINING BASIC DISPLAYS.

These procedures will help you become familiar with
the operation of the Model 1740A so you can obtain
eommonly used displays. Before performing the pro-
cedures, complete the turn-on procedure and adjust
the following controls:

Channel A TRIGGER...............
Channel A coupling...............

Channel A VOLTS/DIV @ ........ 0.05
MAIN TIME/DIV € ........ 0.6 mSE
DELAY € .................. fully CCW
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NORMAL SWEEP DISPLAY.

1. Connect your Model 10006D probe to the chan-
nel A INPUT €@ connector,the CAL1V €@ out-
put, and the ground post €

2. Adjust the POSN @ control to align the
‘base of the square wave on the center graticule line
and the TRIGGER LEVEL @} control for a stable
display. You will see a square wave with an ampli-
tude of two divisions and approximately five to nine
positive-going pulses.

MAGNIFIED SWEEP DISPLAY.

1. Follow steps 1 and 2 to obtain a Normal
Sweep Display. :

2. Adjust the horizontal POSITION € con-
trol to place the waveform portion you want to
magnify on the CRT center graticule (see figure 5a).

3. Press MAG X10 € and adjust the hori-
zontal FINE €} control for precise placement of
the magnified display (see figure 5b).
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' Table 3. Display and Trigger Selection Table
SIGNAL CONDITIONS DISPLAY MODE TRIGGER SELECTION
A B COMP EXT
I. Single Signais A or B OK or OK OK OK?
Applied to
Channel A or B ALT® or CHOP?® OK or OK NG QX!
1. Time Related Signals ALT 0K> NG?
Applied to .
Channels A & B CHOP OK?] OK: NGH QK=
A+B (A—B) OK 914 OK
I11. Nontime Related Signals ALT NG NG NG
Applied to
Channels A& B

! Assume time related signal applied.

2 Time relation displayed.

3 No time relation displayed.

4 If COMP is selected in CHOP, switching

overtides and selects A.

5 Signal is only displayved.on one channel.

8 Triggers on algebraic sum or difference of
signals.

OK Useable trigger mode.

Good trigger mode.

. Best trigger mode.

NG  Unuseable trigger mode.

21
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DELAYED SWEEP DISPLAY,

1. Follow steps 1 and 2 to obtain a Normal
Sweep Display.

2. Adjust the delayed TIME/DIV €  control
for 50 uSEC/DIV, and observe the portion of the
square wave that is intensified. Set the BEAM IN-
TENSITY B control to comfortable viewing level.

3. Set SWEEP AFTER DELAY to AUTO and

turn the DELAY @  control clockwise until the
intensified portion of the trace is over the trace area
yvou wish to investigate. This is demonstrated in
figure 6a.

4. Press DLY'D ¥ and note the intensified
portion of the trace is now displayed across the entire
CRT (see figure 6b).

5. You may turn the DELAY @
view other puises in the pulse train,

control to

For a more complete description of delayed sweep,
including TRIG operation, refer to the Applications
Section.
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MIXED SWEEP DISPLAY.

1. Foliow steps 1 and 2 to obtain a Normal
Sweep Display.

2. Adjust the delayed TIME/DIV @ control
for 50 uSEC and note the portion of the square wave
that is intensified, Set the BEAM INTENSITY @
control to a comfortable viewing level,

3..:Tuarn the DELAY () clockwise until part
of the waveform in the second half of the CRT is
intensified (see figure 7a).

4. Press MIXED - @  and nofice the first
portion of the display is at the main TIME/DIV
€) sweep rate and the second portion is at the
delayed TIME/DIV @ sweep rate (see figure 7b).
You can vary the transition point from main sweep
to delayed sweep by adjusting the DELAY @
control,

X-Y DISPLAY.

1. Press AVSB @ .BEAMINTENSITY @
may need to be decreased. Apply the vertical (Y-axis)
signal to the channel A INPUT @) connector and
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1740A-004 1740A-606 1740A-008
; Lo m——
Figure 5a. Normal Displa INTENSIFIED , INTENSIFIED
£ pray Figure 6a. Normal Display With Figure 7a. Normal Display With
Intensified Area Intensified Area

]

1740A-007 17T40A-008

1740A-005

Figure 5b. Magnified Disploy Figure 6b. Delayed Sweep Display Figure 7b. Mixed Sweep Display
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the horizontal (X-axis) signal to the channel B INPUT
connector, The channel A POSN €  control will
adjust vertical positioning, and the horizontal POSI-
TION & control will adjust horizontal position-
ing. Adjust channel A and B VOLTS/DIV  {§ con-
trols as required.

2. If the display is not visible, press BEAM
FIND @ and adjust the channel A and B VOLTS/
DIV controls unti! the display is compressed verti-
cally. Next, center the compressed display with POSN

€ and POSITION @ controls. Release BEAM
FIND, and adjust FOCUS @ for a sharp display.

APPLICATIONS

INTRODUCTION.

This section will assist you in using the Model 1740A
oscilloscope for various measurement applications. In
many cases, illustrations and examples are provided
for clarity. We do not atiempt to cover every possible
application. If you have difficulty with any procedures
or you have questions about an application not de-
scribed here, please feel free to call on yvour HP Sales/
Service representative for assistance. A list of HP
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Sales/Service Offices is included at the back of this
guide. When measurements are made by scaling or
interpolating on the CRT graticule, you should use
five or more major divisions of display between
measurement points. Most observers will agree, when
adequate care is used, that most measurements can be
kept within +1/20 of a major division. This amounts to
a scaling error of +1% for five divisions of separation.

VOLTAGE MEASUREMENTS.

Voliage measurements can be made between a point
on a waveform and a zero-volt reference (absolute volt-
age, see figure 8) or between any two points on a wave-
form (voltage difference, see figure B),

v f
DIFFERENCE §

Y
) ABSOLUTE

OV REFERENCE

1740A-010

Figure 8. Absolute Voltage
and Voltage Difference Measurements
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The Model 1740A vertical deflection system has 12
calibrated positions from 5 mV/div to 20 V/div that
allow you to make voltage measurements which are
accurate within 3%.

ABSOLUTE VOLTAGE MEASUREMENTS.

The following procedure is used to make absolute
voltage measurements, which are made with respect
to a zero-volt reference.

1. Connect your signal to the channel A or B
INPUT connector, and select channel A or B DISPLAY
and TRIGGER.

9. Adjust the appropriate VOLTS/DIV control
for six to seven divisions of display. The vernier should
be in the CAL detent position.

3. Set input coupling to GND and AUTO/NORM
to AUTO.

4. With the appropriate POSN control, sef the
trace on a graticule line to establish a zero-volis
reference. Don't move the POSN contrel after the
zero reference is set.

5. Set the input coupling to DC, and adjust
TRIGGER LEVEL for a stable display. Adjust the
MAIN TIME/DIV control as required.

Operators Guide

6. Measure the distance in divisions between
the veference line and the level on the waveform you
want to measure. An example is shown in figure 9.

7. You can determine the polarity of the signal
by comparing it to the reference line. If it is above
the reference line, the voltage is positive; below the
line it is negative.

8 Multiply the number of divisions in step 6 by
the VOLTS/DIV setting. Include the attenuation fae-
tor if you are using a probe.

Example: Assume the vertical distance is 7 div, the
waveform is above the reference line, and the VOLTS/
DIV setting is 1 (see figure 9).

oy

REFERENCE
LINE

17404011
Figure 9. Absolute Voltage Measurement
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Voltage =7 X 1 = +7 volts.

The waveform is above the reference line and so the
voltage is positive.

VOLTAGE DIFFERENCE MEASUREMENTS.

The procedure used in making voltage difference
measurements 18 similar to the absolute voliage pro-
cedure. However, the vertical distance is measured
between two points on the waveform, not hetween a
zero-volt reference line and the waveform. An
example of a voltage difference measurement is peak-
to-peak voltage, which is shown in figure 10.

PEAK-TO-
PEAK
VOLTAGE

1T40A-0912

Figure 10. Peak-to-peak Voltage
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AVERAGE VOLTAGE MEASUREMENTS.

To measure average voltage, a zero-volt reference
line is determined by setting the input coupling to
GND. Next, switch the input coupling to DPC and
measure the absolute voitage to the poini of inferest
on the waveform (see figure Ila). Switch input
coupling to AC and measure the absolute voltage to
the same point on the waveform (see figure 11b). The
difference between the first and second voltage is the
average voltage.

AMPLITUDE COMPARISON MEASUREMENTS.

When you are comparing an unknown signal fo a
known (reference) amplitude, it may be helpful to use
deflection facters not calibrated on the VOLTS/DIV
control. With this method, a particular amplitude can
be displayed by an exact number of divisions of
deflection. This would be desirable when you
are calibrating an instrument. You can also increase
the accuracy of your measurements with the compar-
ison method; the accuracy of your measurement
depends on the reference signal accuracy, not on the
oscilloscope accuracy. .

1. Apply the reference voltage to the channel
A INPUT connector, and set DISPLAY and TRIGGER
to channel A,
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A

AVERAGE VOLTAGE = 1,5V — 0.3V = 1V
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1

—

?

ITEGA-(H3

Figure 11. Average Voltage

2. Adjust MAIN TIME/DIV control for several
eycles of display and TRIGGER LEVEL for a stable
display.

3, Set the appropriate VOLTS/DIV, vernier,
and POSN controls for exactly six, seven, or eight
divisions of amplitude. Don't readjust the vernier after
this step.

4. You should now calculate a scale factor (sf)
8o the amplitude of a known signal can be verified or
the amplitude of an unknown signal can be deter-
mined.

Use the following formula:

Reference Signal Amplitude (volts)

" Display Amplitude in Div (Step 3 X VOLTS/
DIV Setting

5 Disconnect the reference signal and connect
the signal to be measured. Adjust the VOLTS/DIV
control for enough amplitude to make an accurate
measurement. Note this display amplitude. Don't
readjust the vernier control.

6. Use the following formula to calculate the
amplitude of the signal being measured:

Amplitude = VOLTS/DIV Setting (Step 5) X sf (Step 4)
X Display Amplitude in Div (Step 5)

27
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Example: Assume a reference signal amplitude of
40 Volits, a VOLTS/DIV setting of 5, and a display
amplitude of six divigions.

Substituting in the formula from Step 4:

of = o= 1.3
6X5

Now, if the signal to be measured has a display ampli-
tude of five divisions with a VOLTS/DIV setting of 2,
determine the amplitude from the formula in Step 6.

Amplitude = 2 VOLTS/DIV X 1.3 X 5 DIV = 13 volts.

You can also caleculate an unknown signal as a per-
centage of a known signal,

Example: Assume the reference signal has a deflec-
tion of eight divisions. Therefore, each division
represents 12.5%. If the unknown signal has a deflec-
tion of 8.2 divisions, the amplitude of the unknown
signal is:

UNKNOWN SIGNALAMPLITUDE =6.2 DIV X 12.5%/
DIV = 77.5% of the reference signal amplitude.
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COMMON MODE REJECTION.

Frequently, signals of interest are modulated by an
undesired de or low-frequency ac component. that
prevents vou from using a vertical range sentifive
enough to make adeguate measurements. You can
often cancel the unwanted signal components hy
applying a signal similar to the unwanted components
on the opposite channel and selecting A + B display

mode and pressing the CH B INVT switch. The result

is A minus B and only the desired signal is displayed.
With this procedure, you can subtract unwanted com-
ponents that are much larger in amplitude than the
desired signal.

1. Apply the desired signal with unwanted com-
ponents to the channel A INPUT connector and a
signal similar to the unwanied components to the
channel B INPUT connector.

2. Setinput coupling as required, and select ALT.
Adjust the VOLTS/DIV and vernter controls so the
unwanted components on the channel A and Bsignals
are approximately equal in amplitude.

3. Select TRIGGER A, CH B INVT, and DIS-
PLAY A + B. With either channel A or channel B
vernier control, adiust for minimum deflection of the
common mode signal.
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4, The resultant display will either subtract all
the unwanted components in the desired signal or
display the desired signal larger than the common
mode signal.

Example: In figures 12a and 12b the common mode
rejection method is illustrated,

TIME MEASUREMENT.
TIME DURATION.

Time duration measurements are made between two
points on the same or different waveforms (see figure
13), Alternate should be selected for displaying high
frequency signals and chop for low frequency signals.
You must select channel A or B trigger when using
alternate or chop. For fast, single-shot or low repe-
tition rate signals, use the A + B display mode.

The following procedures illustrate period and repe-
tition rate or frequency measurements. Pulse width
and time difference measurements are very similar,
Pulse width is the time duration of the pulse measured
between the 50% amplitude point on the leading edge
to the 50% amplitude point on the trailing edge of the
waveform. On waveforms with variable transitions,
‘we recommend measuring pulse width from the
gtart of the leading edge to the start of the trailing

Operators Guide

L L 1

CH A

CHB

1740 A-014

Figure 12a. Channel A With Desired Signal and -
Unwanted Components. Channel B With Only
Unwanted Components.

T740A-013

Figure 12b. Resultant Display
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(] ) (" SINGLE
CHANNEL
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oR -
CHOPI

1740A-016

——

Figure 13. Examples of Time Duration Measurements

edge. If these points are not well defined, use the
10% rise and fall points. In time difference measure-
ments, both channels of the oscilloscope are used and
the horizontal distance measured is from the start of
a reference waveform to the start of the waveform
being compared to the reference.

The time base accuracy is within 2% at room tempera- -

ture. Refer to table 1 for complete specifications.
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Period Measurements.

1. Apply vour signal to the channel A or B
INPUT connector, and select A or B DISPLAY and
TRIGGER.

2. Adjust the appropriate VOLTS/DIV control
for six to seven divisions of display, if possible, and
set the MAIN TIME/DIV contro! to the fastest sweep
speed that will display at least one cycle within the
16 available divisions on the CRT.

3. Using the appropriate POSN control and the
horizontal POSITION conirol center the display.

4, Measure the horizonial distance for one cycle

in divigions. The SWEEP VERNIER should be in CAL
detent.

8, Multiply the horizontal distance in step 4
times the MAIN TIME/DIV setting. If vou aré using
the MAG X10 switch divide the product by 10,

Use the following formula:
Period = Horizontal Distance For One Cycle in Div

{Step 4) X MAIN TIME/DIV Setting (Step 2)
+ Magnifier
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Exampile: Assume one cycle of the waveform occurs
in four divisions, the MAIN TIME/DIV setting is 0.2
mSEC, and the MAG X10 switch is off (see figure 14).

Substituting in the formula:

Period = 4 Div X 0.2 ms/Div = 0.8 ms £2% at room
: temperature

4 DV 1740A-017
r“ 1 CYCLE

Figure 14, Period Measurement

Repetition Rate or Frequency Measurements.

1. The repetition rate or frequency of a waveform
is the reciprocal of the period.

Operators Guide

2. Use the procedure for period measurements to
calculate the period of your signal and take the recipro-
cal to determine the repetition rate or frequency.

Example: Using the period from the previous example
of 0.8 ms, take the reciproecal to find the repetition
rate or frequency.

_ 1 1 evcle
Repetition Rate or Frequency = - =
Period 0.8 ms
1 eycle cycle

= 1.25 kHz 2%

7 — 2 (), 125 X 104

83X 10¢s 8

RISE TIME MEASUREMENTS.

Rise time measurements are made between the 10%
and 90% points of the waveform transition. Rise fime is
measured on the leading edge of the waveform and fall
time is measured on the trailing edge of the waveform,
The Meodel 1740A CRT has 10% and 90% points con-
veniently marked by dotted lines for both a six- and
an eight-division reference. The dots are also spaced
identically to the minor division markings on the
major axis to assist you in interpolation.

1. Apply the puise to the channel A or B INPUT
connector, and select A or B DISPLAY and TRIGGER.
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2. Adjust the appropriate VOLTS/DIV control
and vernier for gix or eight divisions of amplitude and
the MAIN TIME/DIV control to display enough pulse
top and baseline for measurement. Spread the 10%
and 90% points as far apart as possible.

3. Turn the horizontal POSITION control until
the 10% point on the waveform intersects a 10%
marking and a vertical graticule line. The display
should be centered in the viewing area.

4. Count the number of divisions until the pulse
rise crosses the 90% markings. The SWEEP VERNIER
should be in CAL detent.

5 Multiply the number of divisions in step 4
times the MAIN TIME/DIV setting. This is the rise
time (RT) you use the MAG X10 switch, divide
the product by 10.

Example: Assume the number of divisions between
the 10% and 90% points is four and the MAIN TIME/
DIV setting is 2 uSEC (see figure 15).
Rr=4X2us=8us

If you use the oscilloscope to measure a rise time near

the Model 1740A rise time (3.5 ns), error correction
may be required. For accurate results, error correction
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I- 4 DIV — | 1740A-018

Figure 15, Rise Time Measurement

should be used when the pulse rise time is four times
the oscilloscope rise time or faster.

Use the following formula:

RT (pulse} = J Rr? (observed) — Rp2 (oscilloscope)
Example: Assume the 10% to 90% observed rise time
is 7.5 ns and the oscilloscope rise time is 3.5 na.

Substituting in the formula:

Ry (pulse)= ,f 7.52—3.52=6.6ns
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DELAYED SWEEP.

For many time-interval measurements, delayed sweep
will provide increased accuracy and resolution. In
this guide we discuss three procedures using delayed
sweep: magnification of a portion of a complex wave-
form for closer investigation, measuring the time
interval between two pulses, and measuring pulse
jitter,

The first procedure is discussed in the section:
Obtaining Basic Displays. The remaining two pro-
cedures are explained in the following paragraphs.

Delayed Sweep Time Interval Measurements.

The delayed sweep mode can be used to increase the
accuracy of your timing measurements. The following
measurement determines the time interval between
two pulses displayed on the same trace. The procedure
may also be used to measure the time interval between
pulses from two different channels or to make time
duration measurements on a single pulse. To demon-
strate the increase in accuracy, a measurement will
first be made using only the main time base, and then
the delayed time base will be used to make the sam

measurement. -
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1. Apply vour signal to the channel A INPUT
connector, and set TRIGGER and DISPLAY to chan-
nel A,

2. Bet input coupling as desired, and adjust
VOLTS/DIV for approximately four divisions of
amplitude.

3. Select INT main trigger, and MAIN sweep.

4. Adjust the MAIN TIME/DIV conirol to dis-
play six to eight divisions between pulses, and adjust
main TRIGGER LEVEL for a stable display.

5. Using horizontal POSITION, piace the 50%
point of the first pulse on a convenient graticule line
and count the number of divisions to the 50% point of
the second pulse (see figure 16).

6. To calculate the time interval (t), use the

following formula:

t = (Divisions between pulses X MAIN TIME/DIV)

Example: Assume 6.2 divisions between pulses, and
a MAIN TIME/DIV setting of 0.5 m8EC.

Substituting in the formula:
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50%

A S vy

}G-—---- 6.2 DIV»——»’ 1740A-G19

Figure 16. Time Interval Measurement
Using Main Time Base

t = (6.2 DIV X 0.5 ms) 2% at room temperature
DIV

t = 3.1 ms #0.062 ms

Now we will use delaved sweep to make the same
measurement.

1. Perform steps 1 through 4 of the previous
procedure and select AUTO SWEEP AFTER DELAY.

2. Set the DLY'D TIME/DIV control as required,
and turn the DELAY control to place the intensified
portion on the first pulse (see figure 17a).
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1740A-020

{_,___,..-—r

INTENSIFIED

Figure 17a. Intensified Area On First Pulse

3. Select DLY'D sweep and adjust the DELAY
control so the BO% amplitude point of the first pulse
is on the center vertical graticule line (see figure 17b).
Note the DELAY contrel reading.

4. Rotate the DELAY control clockwise until
the second pulse is positioned on the same point of
the center vertical graticule line (see figure 17c). You
can verify this is the correct pulse by returning to
MAIN sweep and cbserving the intensified portion.
Again note the DELAY control reading.

5. To calculate the time interval (1), use the
following formula:
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PULSE 1 1740A-021
Figure 17b. Time Interval Measurement Using
Delaved Time Base - Pulse 1

PULSE 2 1T40A-022
Figure 17c. Time Interval Measurement Using
Delaved Time Base - Pulse 2

Operators Guide

{Second DELAY First DELAY)

reading reading

X MAIN TIME/DIV = error

Example: Assume the first DELAY control reading is
1.31 and the second DELAY control reading is 7.58
with the MAIN TIME/DIV control set to 0.5 ms and
the DLY'D TIME/DIV control set to 0.05 ms (see

figure 17d).

50%

Figure 17d. Time Interval Measurement Using
Delayed Time Base - Delay Dial Readings

DELAY DAL DELAY DIAL

1.31 1.68

i TIME ‘ 17404-623
INTERVAL

50%
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Substituting in the formula;

t = (7.58 — 1.31) X 0.5 ms t error
DIV
t = 3.14 ms t error

The error is = [(0.5% X t) + (0.1% X maximum delay
period}]. The maximum delay period is the main
sweep rate times the total iength of the display (10
div in the 1740A}.

Therefore,
- erroy = = [(0.5% X 3.14) + (0.1% X 5)] = +0.021 ms.
And,

t = 3.14 ms 20.02]1 ms, an accuracy of <0.7%. For
greatest accuracy, use the fastest possible main
sweep rate you can. This reduces the maximum delay
period.

Puise Jitter Measurements,
Jitter is a time uncertainty in the waveform caused by

random noise, or spurious or periodic signals. To
measure jitter use the following procedure.

1. Apply the signal to the channel A or B INPUT
connector, and select A or B DISPLAY and TRIGGER.
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2. Adjust the appropriate VOLTS/DIV control
for five or more divisions of vertical deflection, and
set the MAIN TIME/DIV eontrol to show the complete
waveform.

3. Adjust TRIGGER LEVEL until the display is
as stable as possible.

4. Set the DLY'D TIME/DIV control as required,
and turn the DELAY contrel to place the intensified
display on the portion of the pulse showing jitter.
The SWEEP VERNIER control should be in the CAL
detent position.

5. Select the DLY'D mode and AUTO SWEEP
AFTER DELAY. The horizontal movement of the
pulse is the pulse jitter. There is some inherent
jitter in any delaved sweep time base and should be
included in the measurement (jitter in Model 1740A
1:50,000, which ig insignificant in most meagure-
ments). Using the horizontal POSITION control, place
the leading edge of the pulse on the center vertical
graticule line. With the POSN control center the dis-
play.

6. Measure the horizontal displacement on the
center horizontal graticule line as shown in figure 18.
This displacement times the DLY'D TIME/ DIV setting
is the pulse jitter in time.
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l!! 0.2 DV
"’"{#' NTTER_]
Ii
/2
1740A-024

Figure 18. Pulse Jitter Measurement

Example: Assume the DLY'D TIME/DIV setting 1is
0.1 mSEC and the horizontal displacement is 0.2
DIV (see figure 18).

Pulse Jitter = 0.2 DIV X 0.1 ms/DIV = 0.02 ms.
Eliminating Jitter.

Vou can eliminate jitter from the display by using
the TRIG SWEEP AFTER DELAY control. In this
mode, the delayed sweep is triggered on the jittering
pulse after the delay interval. 8o by triggering the
delayed sweep after the delay period, the effect of

Operators Guide

jitter on the display is eliminated, and you can mea-
sure pulse parameters. Remember, in this mode the
DELAY dial is uncalibrated (see figure 19).

$740A-025

Figure 18. Pulise Jitter Eliminated

Viewing Pulses With Variable Time Durations.

When the time duration between the end of one
pulse and the start of another pulse is variable, you
can- use the TRIG SWEEP AFTER DELAY control
and the DELAY dial to arm the delayed-trigger circuit
after the last known pulse. The delayed sweep will
now be triggered by the pulse with variable time
duratien and its parameters can be measured (see
figure 20}.
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N

DELAYED SWEEP
ARMED

page DE LAY INTERV AL mriind
1740A-026

Figqre 20, Pulse With Variable Time Duration

MEASURING PHASE DIFFERENCE BY TIME DELAY.

The phase difference between two signals of the same
frequency can be determined up to the frequency
limitation of the vertical amplifier. Use the following
procedure;

1. Select ALT, channel A TRIGGER, and main
POS. :

2. Apply the input signal to the channel A
INPUT connector and the output signal to the chan-
nel B INPUT connector. The cables or probes used
must either have the same electrical iength or the
delay differences must be accounted for to prevent
measurement error.
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3. Belect AC input coupling for both channels,
and adjust channels A and B VOLTS/DIV and vernier
controls for an egual amplitude on both channels.

4. Adjust the MAIN TIME/DIV and SWEEP
VERNIER controls so a complete cycle for each wave-
form is displayed within 10 horizontal divisions.

5. Using the POSN controls center both wave-
forms vertically.

6. Readjust SWEEP VERNIER for one complete
eycle of the input signal in an exact number of major
divisions. Six or eight divisions is suggested, which
would egual 80°/Div and 45°/Div respectively. You
can obtain additional resolution by using the MAG
X10 switch. In this case, six divisions would egual
6°/Div and eight divisions would equal 4.5°/Div.

7. Count the number of major plus minor divi-
sions between the reference signal and the output
signal at the point where they both cross the center
horizontal graticule line. Convert divisions to degrees
and this is the phase difference.

Exampile: Assume one cycle of the input signal occurs
in six divisions and there are three minor divisions

between the input and output waveforms (see figure
21).
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QUTPUT
yd

\ ///?L\T"
/N

[/
/]

INPUT
Y

y

--..__‘-..._V
/

,f

|
et} fes— 3 MINOR DIV = 36"

Figure 21. Phase Difference Measurement

AT

174CA-0G27

Since one major division equals 60°, one minor divi-
sion equals 12°. Phase Difference = 3 X 12 = 36° the
output lags the inpui by 36°. '

A VS B PHASE MEASUREMENTS.

The A VS B mode will allow you to measure the phase
differences between two signals of the same fre-
quency up to 100 kHz. The channel A input signal pro-
vides deflection along the Y-axis, and the channel B
input signal provides deflection along the X-axis. The
phase difference can be measured from the resulting
lissajous pattern using the following procedure.

Operators Guide

1. Connect one signal to the channel A and the
other to the channel B INPUT connector.

9 Select A VS8 B, and adiust the channel A
VOLTS/DIV control for six to seven divisions of verti-
cal deflection (Y-axis) and the channel B VOLTS/
DIV control for eight to nine divisions of horizontal
deflection (X-axis}).

3. Using the channel A POSN control for verti-
cal positioning and the horizontal POSITION control
for horizontal positioning, center the display on the
CRT.

4. Measure distances A and B as shown in figure
995 A is the distance intersected by the trace on the

T

pran i)

A AR

- 7
I/ A /
/7, 5 DIV m—ped

ANED 0

- 3
1740A-028 o g DBN gi C°D

Figure 22a. A VS B Phase Measurement
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center horizontal graticule line, and B is the total
horizontal deflection of the trace. g N

8. The sine of the phase angle between the two \
signals is A/B. Figures 22b, 22¢, and 22d show signals |
in phase, 90° out of phase, and 180° out of phase
respectively, If the trace is rotating, the signals are
not at the same frequency. /
Exampie: In figure 22a, A equais five divisions and \\ //
B equals eight divisions. Distance C is equal to dist- N ‘.// 1T40A-030
ance D. The sine of the phase difference (8) is A/B,
which is 0.625.

Figure 22¢. Signals 80° Out Of Phase
Therefore: {using HP 21 calculator).

Phase Angle () = arc sine of 0.625 = 38.7°.

W 'h\
7
P \\
»
2 P,
e N
™.
”/ e
1740A-029 1740A-031
Figure 22b. Signals In Phase Figure 22d. Signals 180° Out Of Phase
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TRIGGERING.

TRIGGER VIEW.

The TRIG VIEW control replaces the channel A or B
trace with the trigger signal if channel A or B is
selected as the display mode. In the ALT or CHOP
display mode, three signals are displayed: channel A,
the selected trigger signal, and channel B. In TRIG
VIEW, the center horizontal graticule line represents
the trigger threshold level with respect to the trig-
ger signal {see figure 23),

f
/ 2R
/’t\:o ts e;t 1:ic'nv
// attenuator setung,
“rRléGEH 1740A-032
POINT

Figure 23. Trigger Point Location
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It is frequently helpful to observe the trigger signal
being applied to the external trigger input. When you
use trigger view in conjunction with CHBOP or ALT,
both vertical channels plus the external trigger signal
can be viewed simultaneously. This is useful in set
ting triggering and observing time correlation
between the external trigger signal and the channel
A and B signals. The deflection factor ie approxi-
mately 100 mV/div.

Example: We will now use trigger view to determine
the triggering level location.

1. Connect the trigger signal to the main EXT
TRIGGER input connector, and select main EXT
TRIGGER.

9 Select TRIG VIEW, the trigger signal will be
displaved near center screen. The point where the
trigger signal crosses the center horizontal graticule
is the frigger point.

By adjusting the TRIGGER LEVEL control you can
move the trigger level location. The center hori-
zontal graticule indicates the trigger point. When you
use the POS position of the POS/NEG gwitch, the
trigger circuit triggers on the positive-going portion:
of the trigger signal; In NEG it triggers on the nega-
tive-going portion of the trigger signal.
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ELIMINATING MULTIPLE TRIGGERING ON COM-
PLEX WAVEFORMS.

Figure 24a shows an example of multiple triggering.
To have a stable display, the period between sweeps
must match the period of the waveform being dis-
played. In the example, the first sweep displays three
bits of a four-bit word. The next sweep displays the
remaining bit in the word. So on consecutive sweeps
we see different portions of the same word causing
the instability in figure 244.

To eliminate the instability, the TRIGGER HOLDOFF
control can be adjusted to vary the time between the

1740A-033

Figure 24a. Multiple Triggering
With Display Instability

42

Model 1740A

end of one sweep and the beginning of the next.
This is the holdoff period. In the example, if you
increase the holdoff period long enough, the trigger
from the fourth bit is heid off, which eliminates the
additional sweep that caused the display instability
(see figure 24b).

1749A-034

Figure 24b. Multiple Triggering Eliminated With
Trigger Holdoff Control

OPTION 101 - LOGIC STATE DISPLAY

This option allows you fo use the Model 1740A with
the HP Model 1607A Logic State Analyzer to aid
in your analysis of digital systems that depend on
sequences of logic states fo confrol their operation.
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Horizontal, vertical, and Z-axis signals from the
Model 1607A convert the Model 1740A into a 16-
channel logic state analyzer. You can switch from
logical state to electrical analysis by. pressing one
pushbutton - a real convenience.

To connect the Model 1740A to the Model 16807A,
piace the Model 1740A on top of the Model 1607A
and using three Model 10502A cables, connect the
Model 1607A rear-panel outputs: HORIZ, VERT, and
7Z-AXIS to the corresponding Model 1740A rear-panel
inputs.

You may check Model 1740A operation with the
Medel 1607A by the following procedure:

NOTE
Clock and data probes don’t have to be
connected to the Model 1607A for this
procedure.

1. Press STATE DSPL on the Model 1740A.

2. Set the Model 1807A controls as follows:

"POWER ... .. OFF
OFF/WORD ....................... WORD
Sample Mode ..................... SINGLE

Operators Guide

COLUMN BLANKING ......... fully CCW
Z-AXIS ON
All other pushbuttons ..........

3. Apply power to the Model 1740A and the
Model 1607A, and adjust the 1740A FOCUS control
for the sharpest display. A focused 16-word table
of one's and zero's will be displayed. If the table is
not displayed, you may have to press the Model 1607A
power switch on and off to cause the Model 16807A to
start up in a display mode.

NOTE

The following adjustments apply to the
Model 16807A.

4. Adjust the HORIZ SIZE control for a six-
division wide display and the VERT SIZE contro! for
an eight-division high display. You may have to adjust
the HORIZ and VERT POSN controls to center the
display.

5. Set BYTE t¢ 3 BIT and notice that the display
format changes from four-bit bytes to three-bit bytes.

6. - Set LOGIC to NEG and note that all zeros
change to ones and all ones change to zeros.
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7. Rotate the COLUMN BILANKING confrol
clockwise and observe that the vertical columns are
blanked, starting with the most significant bit.

8. Rotate the COLUMN BLANKING control
fully clockwise and note that the least significant bit
column remains on the CRT.

9. Rotate the COLUMN BLANKING control
fully counterclockwise.

10. Set trigger mode to START DSPL and
observe that the first word is intensified.

11. Set frigger mode to END DSPL and note
that the last word is intensified.

12. Set DELAY ON/OFF to ON. Setting the
DELAY thumbwheels from 0 to 15 will move the
intensified word on the display. For delays greater
than 15, the intensified word wili not be displayed.

In the following example, we will show how you can
use Option 101 in logic state and electrical analysis
to find the location of a fault in digital program flow.

Bince a fault in an algorithmic state machine will

cause an erroneous state o exist in the program flow,
it is desirable to start troubleshooting using program
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flow. When you find the fault location, you can more
easily find the specific cause using conventional time
analysis techniques. With Option 101, the Model 1740A
and Model 1607A provide logic state and timing anal-

. ysis displays.

Assume our algorithmic state machine is a 60-second
timer that is terminating its count prematurely. By
observing the logic state flow with the Model 1740A
and Model 1807A, the premature termination point
can easily be found. In this example, the malfunction
is at count 25 (see figure 25). In this case we triggered
on word 20. Notice the timer proceeded normally until
word 24, when it reset to zero.

The Model 1607A supplied an external trigger to the
Model 17404, triggering the time display on the word
we selected (word 20). A probe was connected from
channel A on the Model 1740A to the least signifi-
cant bit channel on the timer. Another probe was
connected from channel B to the reset line on the
timer. By switching the Model 1740A STATE DSPL
pushbutton to the off position, we obtained a time dis-
play starting with word 20 {see figure 26}.

You will notice on channel A the pulses are normal
untii after word 24. The pulse at word 25 started to
go high, but was not completed. Instead, the timer
reset and started again at zero. Looking at the reset
line on channel B, we see a "glitch” at word 25.
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0010
0010
0010
0010
0010
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0001,
BCD
Hlofsfr
Column

Least Significant Bit

0000
- 0001
0010
0011
0100
0000
0001
0010
0011
0100
0101
0L10
0111
1000
1001
L0000,
BCD

ﬂ'lfsﬂ

Column

Word

20 = TRIGGER WORD

21
22
23
24

[at

0=~ ERROR

[ daiie <IE R nIRWIIE SRR CL R U

Figure 25, Logic State Display

in this example, you can see the advantage of being
able to switch from logic state to electrical analysis
and interrogate inputs, outputs, and control lines for
transients and ghtches.

CHAN A: __‘ | i I__

LS8 20 21 22 23 24 0 3 2 3

CHAN B: A‘/ GLITCH
RESET

LINE 1740A-036

Figure 26. Glitch on Timer Reset Line Causing
Timer to Reset Prematurely
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Figure 27, Front-panel Controls
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Telex B47 72348179
ﬁew!’il Packars Lhl.

& Roag
£8-Altrincham. Lnoshire
DB1; G23.9021

Tosen SEAOEE

Hewlen-Syckart 14

£ 0 Makie

Soulh Service Whoisate Sentre
Amner Way

alesbwen tnusted Estate
[8-Halesowen . Waics

tel Barminghast TB50
rewiefl-Packard Lig

Aip Sogant

Wedge Huuse

795 | panon Road

GB Thornlnn Heatn TR BAL

\E| APH 584 105

Teigr Q46825

HewlenFackas b

¢ Makes

Serwck Winolesale fenie
Wede Indussi Estale
Was!v'\q an

GH-New Town County Derhzn
Tal Wasnigton 454061 e 57
Hiw-Pag!

admeu o VAT Nru X

iy
TD Enshsly Payement
London 15

Regetersd o, BSH5BT

USSR
rewu-Packart USSH

american Enss »,r
A9 vlemm hastra

Ta
Teips: FEz‘ ';awuak &

YUGOSLAVER

Isksa- ﬁxaruar Hewsets fackart
Topnsska 6

51007 ubtia

Teb 333 EJESE% B74

Telew 31300

SOCIALIST COUNTRIES *
PLEASE CONTACT:
Hewletl-Packase S A

7. que Qu Bois-du-Las

0.0, 80n M3

£H-3217 Maynw 1 Genave
Gugadand

Tel. (azz 4154

Labie HEWPA{'KSA Genma
Tgax 2 24 B
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HEWLETT PACKARD SALES & SERVICE OFFICES (Cont'd)

UNITED STATES

ALABAMA

4796 Whiresourg Or., 5.E.
# 0, Bax 5207
Huntsville 35800
Tel {205) ga1-4593%
Medical Daiy

28w Vaiiﬂy hye
Room: 2

Birmi hnm 30205
Tel: (205) 942-2081

ARIZONA

2936 £ Magnolia 81,
Phoenix B30

Teb: (802 204-1365

2424 Tast Alagnn R
Tuegon 55701

ek (892) 204-3148

"ARKANSAS

Medical Service Drly

PG, Box G4

Brady Station

Littie Reck 72205

Tel: 180} 664-B773

CALIFGRNIA

435 East Grangetharpa Ave

Fuiterton 32531

Tal: {7841 6701900

3339 tankersmm Bousevard

Nor(h Hmixwaed 91604
£ (213} 8771282

?WX: 914-450-2470

B3 ArizoRs Prace

Los Angelas S6045

Tgt (217} 648.2511

TWK: 810-328-6147

‘L.os Angeleg

TEE (213] 7?67730{3

3003 Scont fautevard

Santa Clara 85050

BE (400) 2407008

TWX: 910-338-0518

Hidgacrest

Teir {744} 445-6168
2220 Watt A
Sacramento 8582,
Tel (315) 4B2- 1463
9606 Aevs Dive

P.0. Bax E(}JL
San Diege 9212

Tel 1?14} EW 3?(‘.[3

COLORADO

26{]0 Satgzdm;{l;r ga(iway
Tel, (38 7713455
CONNECYICUT

12 Lunar Brive

New Haven IE52%

Tel {203} 369-6351
TWX: T10-485-2025

FLORIDA

b0, Box 24210

2808 W Jakiand Sark Bive

. Leudardsle 12307

Fef (365) T3+ 2020

“Jacksonville

Mesical Servite gai

ek (8641 ?zﬁ-amy

4. Box 13810

E177 Laxe Ei\rner Q¢

Ortando 17804

Tex: ‘305! Eﬁﬂ -2805(

2.0 Box 12870

Pansacola 32575

Tel: {304} 434-3081

GEQAGIA

P.0, 8ex l05005

Atianta 1034

2l [404Y 955 1300

WX BI0-75E-4890

Megica Service Only

‘Augusta 3090

Tl 1404) TI6-092

HAWAN

2675 Ba. Kireg Steesl
q

Honolulu 8681
Tei (BOB) 9o5-4435

LLINOIS

5500 Howard Stree!

Skokle G006

'fe! (3123 &77-0400
H0-220-3615

E.lmve fav 1, 1976

35201 Tollview [t

MICHIGAN

23355 Reseaschi Dnve
Fermington Hille 48074
Te5 {310) 476-B4040

TWY B10-742-2508
MINKESOTA

2400 K. Prigt Ave

& i BE11%

oiling 008
Tal: {337} 253-980C
TWX: 94G-67-2260
INDIANA
7301 Hostn Shadelang Ave

HmdBr50
b

4471000
TR 18es. 70p
10WA

19(37 Bmaoway

fown City 52240
Tal: (118} 43946t
Night: £318) 3388457

KENTUCKY
Medical Only
Afkinsor: Squate
3901 Atdnsat D

Suite 207
Loulwlbie 40234
Tel: {502) 456-1573

{OUISIAHA

% B4
32.19 W;lhlaﬂ‘s Bouisvass
Kennsy 70052

Tat: (5043 721-8200

MARYLAND

G70F Whitestane Roas

Baltimore 71307
Tel: {301) 9445400
TWs: 710-B62-%157

2 C’mxn (.bm

Rockvitte 2

Ter {3{}!% 945 83 ’7@

Wi T10-828-9684

MASSACHUSETTS
32 Harewell Ave
Lexington {2175
Tef: (6174 B61-8960
TWX: T10-326-6904

Tl (692} 636-0700
Wi 010.563-5734

MISSISSIPPE
"Jackson

Medical Service oniy
Tal: {504} 482-936

MISsOuAl

1131 Calarato Ave
Kanaas ity 4

Teb: (B16) 7H3-8000

TWX: 910-771-2087

m i s 53043

Tat; (314 5871455

TW: §14-764-0830

KERRASKA
Medical Onk

T Mercy Roac
Suite 10

Omaha 46106

Tel (407 332-0840
NEW JERSEY

el {201 2855600
TWK: F940-4951

NEW MEXICO
P Box 11634

Statian E
- 11300 Lomas Bivd., N.E

Albuguerqgen 87173
Tei: (BBE) 202-1330
T B10-5986-1185
158 Wyatt Drive

Las Cruces 38001
Tel: (505} 526-2485
WX 916-863-0559

Computer P
Alany 12295

Tei {518) 4581350
TWX: Ti(-441-8270
201 South Avenst
Pou&!ﬁ(eugm 126G

TWx: 370~ ?431101:
3¢ Saginaw Lrive

Rochsster 146731
Tei [7153 4739500
TWH: 510-253-588%

5858 East Muttoy Hoan
Syracuee 13201
ol (315 454. 2486
TWK 7 10-541-0482
5 Crassways Park West
oadhury 1757
Jai: {516} 421-6300
TWX: 710-890- 4851

NORTH CAROQLINA
P.O_ Hox 5180

1423 Naﬁh Mam Syest
High Polnt 27252

Ted (§19) 8B5-B3H
OHIO

THOT0 Sprague Head
Clevetand 54136

Teb (2] PAT-TI00
TWx: B10-a73-9421
330 Progress Ao
Dayton 45445

Tef: £513) 808-8202
TWX: B16-474-2518
IDM ngsmxkl Parkway

Columbus 4329
Toi! fs;z) 436-104

E

?.U. on 3280&
CKlatroma City
Tel: (408} 721-0200

73132

CREGON

17895 SW Lower Boons
Ferry Roso
ualasin 87067

TEI J'5(}3] 828-3350

PERNSYLVANIA

311 Zets Drive
Pittaburgh 15236

el 1412} 782-0400

TWX: TI0-795-3124

1021 8th Averue

King nf Pressia Indusieal Park
King of Prusaia 14406
Tet 235& 266-7000

TWX: 516-85(-2670
SOUTH CAROLINA
6341-0 N. Trenhotm fvat
Cobembia 28260

Tel (803) 7928453

TENNESSEE
“Knoxviile

Medical Services anly
Tai* {15} 5235022
“Nasiwvilie

Medicat Serviga anly
Tel: (B13) 244-5448

TERAS

PO, Box 1278

WIE Amuarm Rd
Richardegn 75083
Tek {244} 2306301
F.0. Box 2740%
6306 Westpark Drive
Suste 100

Housion 77027
Tek, (713} 781-6000
205 Billy Mitchalt Roae
San Antonig 78206
Tek (5!2) 434-8241

z:&s Sm.sn 3270 Weﬂ Street
Salt Lake C:
Tel: {B1) 487-971%

VIRGiNIA

Medical )

P4 Bax 12778

Mo 7 Koger Exer Genter
Sute 237

Horfalk 23502

et (B04) 497 5267

£ 6 Box 985

2014 Hamgary 5ng< Read
Richmond

tel: {804) 2!55 343‘

WASHINGTON
Bellatigig Dffice Pk
1203- 14tk Ave. §.
Bailevue 95004

Tel: {208) 454-3871
TWX: 910-443-2446
“WESY VIRGINIA
Medicaiianaiytical Only
Charieston

Tel: {304} 345 160

WISCONSIN

9604 West Limatn Ave
West Alits 51227
Teir (414} 5410580

FOR .3, AREAS NOT LISTED:
Comact fe regonat otfice
naams' yssu Ablanta, Geosia,

Rucmlm mf)ﬂanl.
Hineis. Theis somplete
addresses ars listed above

‘Servico Only

i) Meadows

e
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