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THE SCOPE THAT GIVES BETTER PERFORMANCE

hp 140A /141A PLUG-IN OSCILLOSCOPE

*20 MHz wideband 150 ps TOR « 50 uV/cm sensitivity with no dc drift
+12.4 GHz sampling » Swept frequency e Variable persistence and storage

An extra measure of performan




With hp's 140A, you can use -

Y

A FULL SPECTRUM OF ADVANCED JPI.UG-INS
for better performance in any direction

Solve more measurement problems in less time, with greater
accuracy, and at a lower overall cost with the hp 140A Oscillo-
scope System. Turn the page and see.




With hp's 140A you can use a full spectrum of advanced plug-ins for
BETTER PERFORMANCE IN ANY DIRECTION

) 0. N »

12.4 GHz Sampling
with Delayed Sweep

Exceedingly fast hp switching
diodes have opened a true break-
through in sampling scope capa-
bilities.

For the first time, you can see
through X band, observe CW sig-
nals to 12.4 GHz and beyond, and
see fast pulses with a 28 ps rise
time capability. You can also use
TDR measurements to resolve dis-
continuities down to less than 1
c¢m in the design of cables, coaxial
components, connectors and strip
lines. In addition, you can utilize
delayed sweep through the full
bandwidth to get displays of pulse
segments that leave conventional
sampling scopes blurred. You also
get less than 20 ps jitter to ensure
steady, clear displays.

Two vertical amplifiers are avail-
able. Model 1411A provides dc
to 12.4 GHz at 1 mV/cm, dual-
channel performance with remote
samplers featuring feed-through
inputs for minimum signal distur-
bance. The other sampling vertical
amplifier, Model 1410A, gives per-
formance to 1 GHz, with both
high-Z probes and 50Q inputs
—and internal triggering. Model
1425A Sampling Time Base plug-
in provides delayed sweep, auto-
matic triggering and a movable
intensified dot that makes it easy
to set up the point of magnifi-
cation.

50 uV/em Zero Drift

The versatile hp 140A Scope
System gives you five high-sensi-
tivity plug-ins specifically designed
for measurement of low-level sig-
nals. For example, the 1406A
vertical plug-in offers high 50
uV/cm sensitivity with no dc drift
—plus precision calibrated dc off-
set for extreme magnification.

With the hp calibrated offset
feature, the 1406A gives you the
advantages of a dc and ac volt-
meter — four-digit readout, auto
decimal placement, better than
0.59% measurement accuracy. As
a dc voltmeter, the 1406A offers
you the additional advantages of
no drift in the measurement in-
strument, and the ability to ob-
serve and measure any ac riding
on the dc voltage. With these ca-
pabilities you can make measure-
ments never before possible. For
example, you can simultaneously
display a 10 V dc signal at 50
uV/cm (giving a magnification of
200,000), measure dc level ac-
curately to four digits, see short
term dc drift with microvolt reso-
lution, and view and measure all
ac ripple—an impossible measure-
ment with a meter. The hp 1406A
plug-in also operates as a dc
coupled, no drift differential am-
plifier with 80 dB common mode
rejection.

Simplify Design of
Microwave & Pulse
Circuits with
150 ps TDR

You can use a 1415A Time Do-
main Reflectometer plug-in to
quickly determine the magnitude
and nature of each resistive or re-
active discontinuity in strip lines
or coaxial components such as
attenuators, cables, connectors

and delay lines. This 150 ps sys-

tem enables you to resolve ¢
continuities an inch apart.

The 1415A is a completely self-

contained system consisting of a
fast-rise pulse generator, single
channel sampler, and time base.
No additional vertical or horizontal
amplifiers are required, thus elim-
inating introduction of additional
chances of error. The vertical
channel is calibrated in reflection
coefficient for direct readout, with
a maximum sensitivity of .005
p/cm for measurement of ex-
tremely small discontinuities. Full
10 cm X 10 ¢m display area gives
maximum resolution. Distances
can be read directly on the hori-
zontal axis. The compact control
pane! contains only those controls
necessary for TDR measurements,
thus making the 1415A much
simpler to operate than compar-
able systems costing twice as
much.

Accessories for direct readout
in special applications: Rise Time
Converters which eliminate reflec-
tions beyond the bandwidth of in-
terest, 750 adapters, and a Sus-

ceptance Standard which give--

direct readings of reactive disc
tinuities.

Get 20 MHz Band-
width and Delayed
Sweep Readability

If you need wideband perform-
ance, for example, you can use
the dual-trace 1402A vertical am-
plifier and get dc to 20 MHz at
5 mV/cm, algebraic addition, built-
in delay line for viewing the lead-
ing edge of fast-rise pulses, full
6 cm deflection and a wide dy-
namic range. An internal sync
amplifier triggers on Channel A

dual trace mode of operation—
oives stable traces and accurate
time measurements without exter-
nal triggering.

For easy readability of complex
waveforms and accurate time inter-
val measurements, Model 1421A
Time Base & Delay Generator pro-
vides extreme magnification—cali-
brated time delays from 10 sec-
onds to 0.5 usec, calibrated sweep
speeds from 1 sec/cm to 20
ns/cm. The 1421A also offers the
additional advantage of exclusive
hp mixed sweep. This feature com-
bines display of the first portion
of a trace at normal sweep speeds,
and simultaneously expands the
trailing portion of the trace at
faster delayed sweep speeds to
allow step-by-step magnified ex-
amination.

-

The hp 140A Scope System
gives you the extraordinary ver-
satility you need to get step-ahead
measurements over the entire os-
cilloscope spectrum—now and in
the years ahead. With 17 high-
performance vertical and horizon-
tal plug-ins to choose from, you
can head in any measurement di-
rection: wideband, sampling, high-
sensitivity or measurements such
as time domain reflectometry and
swept frequency . . . all with op-
tional variable persistence and
storage if you like.

Count these exclusive capabili-
ties: hp’s 140A is the ONLY oscil-
loscope system that gives you
sampling bandwidth to 12.4 GHz
... sampling delayed sweep time
base . . . 50 uV/cm sensitivity
with no dc drift . . . versatile
single- or double-size plug-in capa-
bility . . . plus plug-ins for direct
readout TDR and swept frequency.
In addition, it is the only oscillo-
scope system to offer either stan-
dard CRT persistence in the 140A
mainframe—or optional variable
persistence and storage in the
141A mainframe. Select from
these unique measurement capa-
bilities, or pick the work-horse 20
MHz, 5 mV/cm dual-trace plug-in.

Exclusive Variable Per-
sistence and Storage

In addition to plug-in versatility
that takes you across the oscillo-
scope measurement spectrum, you
can also get CRT versatility that
matches the requirements of any
signal. The optional 141A provides
trace persistence which is adjust-
able from 0.2 sec to more than
a minute so that you can tune
persistence to any signal for
bright, steady traces without an-
noying flicker. The 141A also pro-
vides storage for side-by-side com-
parison of waveforms—and con-
ventional persistence as well. As
a result, the 141A gives you con-
tinuous control over CRT perform-
ance—plus the flexibility of hp’s
entire 1400 Series plug-ins. See
next page for full details.

HEWLETT hp, PACKARD

An extra measure of performance




Choose From Two hp High-

Performance Mainframes:

140A WITH STANDARD CRT
OR 141A WITH EXCLUSIVE
VARIABLE PERSISTENCE

& STORAGE

Both 140A & 141A mainframes enable you to:

@ Get clearly superior performance throughout the
oscilloscope measurement spectrum from dc to
12.4 GHz

® Use all 17 hp high-performance 1400 Series
plug-ins

® Push a button and immediately locate a trace
via convenient beam finder

@ See brilliant, sharp, steady displays with ad-
vanced 7.3 kV CRT

# Get an accurate reading from any angle with
no-parallax, internal-graticule CRT

In addition to these advantages, the 141A main-

frame also enables you to:

& Match the persistence of your screen to any sig-
nal for steady traces without annoying flicker

@ Store waveforms for side-by-side comparison
The advanced hp 140A and 1A mainirames
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In the hp 140A CRT, you get high 7.3 kV electron beam
acceleration for bright, easy-to-see traces. .. internal grati-
cule eliminates parallax ... carefully shaped post acceler-
ator field gives full 10 cm X 10 cm display area without
distortion.

This true buildinz:

ling-block arrangement assures that
you can use exisiing and fuiure plug-ins without
modification to the mainframe. You pay only for the
circuitry you actually need to make your particular
measuremenis.

Because all deflection circuitry is contained
the plug-ins, you get exclusive capabilities in mixine
plug-ins. You can not only select the amplifier you
need for the vertical axis, but also, you can select
the particular time base generaior needed for the
horizontal a
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Exclusive hp variable persistence enables you to match the
persistence of your CRT screen to any signal-—eliminating
annoying flicker on slow signals such as swept frequency
and sampling waveforms, transducer signals and low-fre-
quency displays.

. . . to days. This exclusive hp variable persisten

allows you to adjust the CRT persistence to matcir
the changing characteristics of a signal—any neces-
sary number of traces can be held for trend com-
parisons, or for flicker-free displays. With a bi-stable
storage tube, all information is stored, often creat-

ing jumbled displays—or you have flickering “‘full"
erase and no retained information.

The hp mesh storage tube offers many advan-
tages. With the 141A CRT, the stored trace has the
same high contrast as a conventional CRT. Inter-

mediate trace values stand out clearly, you can easily

distinguish between four or five separate trace in-
tensities—as opposed to the limiting black-and-
white-only displays of ordinary bi-stable storage.
Intensity of the 141A CRT can be varied by a front
panel control, or modulated externally for X-Y-Z
presentations. Maximum viewing intensity in store-
view mode is 200 foot lamberts—25 times brighter
than bi-stable tubes. With the hp storage mesh CRT,

See signal trends while making circuit adjustments by simply
making persistence long enough so that several traces
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The 141A gives you storage for side-by-side comparison of
waveforms. In this mode, traces can be held intact for
more than an hour (days, in fact, with the scope turned
off). Fast 1 cm/usec storage writing rate enables you to
capture single-shot transients.

The advanced hp 141A mainframe gives you three scopes
in one: variable persistence, conventional (fixed) persistence,

and storage-—plus the ability to accommodate any of hp's
high-performance 1400 Series plug-ins. You get better per-
formance throughout the oscilloscope measurement spec-
trum from dc to 12.4 GHz—and meet any existing or future
measurement requirement.




1400A Pg 14
e 100 uV/ecm
® dc to 400 kHz

e Differential on all ranges

1406A Pg 13

50 uV/cm — dc to
ﬁOO kHz

o drift A,
Calibrated offset for \

1420A Pg. 16

10 MHz triggering
Sweeps to 50 ns/cm

. 1425A Pg. 25

Delayed sweep
Sweeps to 10 ps/cm

N ENTa Tl ac¥intle $—-302—5 Auto triggering ® Triggering to 1 GHz
measurements
_ 1401A Pg 14 & - 1407A Pg. 15 e e 1421A Pg. 17 1415A Pg 28
o S \ - 3=
s e 1 mV/cm — dual trace = o e ":ﬂ 50 uV/cm . : 20 MHz triggering ® Complete TDR system
ﬂ‘: b SN s 6 . for testing cables,
i ® dc to 450 kHz "'.T_ 5 = & _‘? No drift Delayed sweep connectors, striplines
o e . W
= e Convenient dual trace ?’25— 80 dB common f Sweeps to 20 ns/cm ® Determines location,
$425 triggering $ mode rejection magnitude, and nature
of each discontinuity
1402A Pz 11 e 1410A Pg 18 . 1422A Pg. 16 ® Resolves discontinuities —
@ !‘i'f @® . v - ac an inch apart
® 5 mV/cm ‘“-‘Q‘ ._._:::.. 15.' e 9= ® 1 mV/cm at 1 GHz —dual trace | ‘ ;’ i 6 ® 500 kHz triggering ® Easy to operate
e dc to 20 MHz — dual trace . B 1":,_,_ e e Internal triggering o= %‘_ SN 5 ® Sweeps to 200 ns/cm
kit "‘a;o__ - < =
@ Signal delay for fast - PR e B ® High impedance probes = e Auto triggering
rise viewing $1600 and 50 Q inputs $225
————— . 1403A Pz 15 1411A  Pg. 20 1423A Pg 16 1416A Pg. 27

® 10 uvV/cm
® 0.1 Hz to 400 kHz

e 106 dB common

1 mV/cm — dual trace

Bandwidths to 12.4
GHz

20 MHz triggering
Sweeps to 20 ns/cm
Trigger hold-off

Speeds and simplifies
swept frequency
measurements

e High resoluti -
$475 mode rejection Remote samplers 01'1% dirreescc':ly ilr? rhéead
® Low drift
. 1430A Pg. 21 . .
B=s =i 1405A Pg 12 il g e : 1424A Pg 24 ® X-Y recorder outputs
S 28 ps rise time — $3000 e o Tri )
l,!: :'-— |. - 6 e 5 mV/cm — dual trace 1431A Pg. 21 ' . - & riggering to 5 GHz
:ozi_ﬁ : ‘ P.—; e dc to 5 MHz 12.4 GHz bandwith —§ | T . .: s Sweeps to 10 ps/cm
— e Algebraic addition 1432A Pg. 20 e Direct readout on all sweeps
$325 $1200

hp’s 1400 Series
FOR BETTER

90 ps rise time — $1000

lug-ins cover the measurement spectrum from
PERFORMANCE IN ANY DIRECTION

VERTICAL PLUG-INS

CAPABILITIES | 1400A 1401A 1402A 1403A 1405A 1406A 1407A 1410A 1411A 1430A 1431A 1432A
1. Wide Band @ ®
2. Sampling ® ° P ° Py
3. High Gain Differential ] °® °® ) ]
4, Dual Trace (] @ ® ® o |
TEXV, ; ® @ @ E @ ® ° ° °
6, Delayed Sweep 1421A for real time 1425A for sampling |
7. No Drift ° ° I
8. High Common Mode Rejection, o e )
9, Algebraic Addition ® ® ® ® ®
10, Time Domain Reflectometry. =l
11. Wide Band TDR o [s®
12. Swept Freguency .

DOUBLE SIZE PLUG-INS




MAIN FRAME SPECIFICATIONS

Plug-ins: accepts Model 1400-series plug-ins; upper com-
partment for horizontal axis and lower compartment
for vertical axis; center shield may be removed to ac-
commodate a single dual-axis Model 1400-series unit.

Cathode-ray tube:

Type: post-accelerator, 7300-volt accelerating potential;
aluminized P31 phosphor (other phosphors avail-
able, see maodifications); etched safety glass face
plate reduces glare.

Graticule: 10 cm x 10 cm parallax-free internal grati-
cule marked in cm squares; major horizontal and
vertical axes, and second and tenth horizontal grati-
cule lines have 2 mm subdivisions.

Intensity modulation: ac coupled, +20 volt pulse will
blank trace of normal intensity; input terminals on
rear panel.

Warranty: CRT warranted for one year.

Writing rate: (using HP Model 197A Camera with /1.9
lens and Polaroid® 3000 speed film).

P31 Phosphor: 300 cm/usec.
P11 Phosphor: 430 cm/usec.

Calibrator:

Type: line-frequency rectangular signal, approximately
0.5 usec rise time.

Voltage: two outputs: 1 volt and 10 volts peak-to-peak,
+19, from 15°C to 35°C, =39, from 0°C to 55°C.

Beam finder: pressing beam finder control brings trace on
CRT screen regardiess of settings of horizontal, verti-
cal or intensity controls.

Power requirements: 115 or 230 volts =109%,, 50 tp 60
Hz, normally less than 285 watts (varies with plug-in
units used).

Model 140A Specifications
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Weight: without plug-ins, net 37 Ibs (16,7 kg); shipping
45 |bs (20 kg).

Price: HP Model 140A (without plug-ins), $595.

Modifications: CRT phosphors (specify by phosphor num-
ber), P31 standard; P2, P7 with amber filter, P11 avail-
able; no charge.

Special order: chassis slides and adapter kits; fixed slides,
order HP Part No. 1490-0714, $32.50; pivot slides,
order HP Part No. 1490-0178, $40; slide adapter kit
for mounting slides on scope, order HP Part No. 1490-
0721, $20.

‘‘Polaroid’’'® by Polaroid Corporation

Plug-ins: same as Model 140A.

Cathode-ray tube:

Type: post-accelerator storage tube, 7300-volt accel-
erating potential; aluminized P31 phosphor; etched
safety glass face plate reduces glare.

Graticule: 10 x 10 divisions (approximately 9.4 x 9.4
cm) parallax-free internal graticule; 5 subdivisions
per major division on major horizontal and vertical
axes, and on second and tenth horizontal graticule
lines.

Intensity modulation: ac coupled, + 20 volt pulse will
blank trace of normal intensity; input terminals on
rear panel.

Warranty: CRT specifications (persistence, writing rate,
brightness, storage time) warranted for one year.

Persistence:

Normal: natural persistence of P31 phosphor (approxi-
mately 0.1 second).

Variable:

Normal writing rate mode: continuously variable
from less than 0.2 second to more than one
minute (typically to two or three minutes).

Max writing rate mode: typically variable from 0.2
second to 15 seconds.

Erase: manual; erasure takes approximately 100 msec;
scope ready to record immediately after erasure (see
options for remote erase).

Writing rate (conventional operation): (using HP Model
197A Camera with /1.9 lens and Polaroid® 3000
speed film): 100 cm/usec.

Writing rate (Storage):

Normal mode: greater than 20 cm/msec.
Max. mode: greater than 1 cm/usec.

Storage time:

Model 141A Specifications

NORMAL Writing MAX. Writing

Rate Mode Rate Mode
?(;Iri?nRgis'\g?adyg longer than 1 hour |typically 15 minutes
VIEW Mode longer than 1

minute (typically [typically 15 seconds

(bright display) 2 or 3 minutes)

Brightness: greater than 100 foot-lamberts in NORMAL
or VIEW; typically 5 foot-lamberts in STORE.

Calibrator:

Beam finder:

Power requirements: ( Same as Model 140A
Dimensions:

Weight: net, 40 Ibs (18 kg); shipping, 51 Ibs (23 kg).
Price: HP Model 141A (without plug-ins), $1395.00.
Options: (specify by option number).

09: Remote erase. BNC input on rear panel; shorting
to ground for at least 50 msec erases screen; in-
put draws 20 mA from ground through a 600-chm
impedance to a —12 volt supply. Add $25.

Special order: chassis slides and adapter kit; fixed slides,
order HP Part No. 1490-0714, $32.50; pivot slides,
order HP Part No. 1490-0718, $40; slide adapter kit

for mounting slides on scope, order HP Part No. 1490-

0721, $20.

“‘Polaroid’’'@® by Polaroid Corporation
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1402A DUAL TRACE AMPLIFIER

* 5 mV/cm
- dc to 20 MHz
- Algebraic addition of channels

Signal delay for fast-rise viewing
+ Convenient dual trace triggering

Description

The 1402A Dual Trace Amplifier provides greater
than 20 MHz bandwidth plus 5 mV/cm sensitivity on
each channel for accurate analysis of high frequency
low level signals. Rise times of signals can be easily
measured because the 1402A has a built-in delay line
in the vertical amplifier following the trigger take-off.

Two signals can be displayed with the 1402A in each
of two modes. Slow signals can be viewed in the
chopped mode, since the input to the CRT is switched
between Channel A and Channel B at a high rate during
each sweep. Fast signals can be viewed in the alter-
nate mode since the input to the CRT is switched at the
end of each sweep, with Channel A displayed during
one sweep and Channel B on the following sweep.

Accurate time difference measurements are possi-
ble because the sync amplifier in the 1402A can be
switched to Channel A alone. This feature is useful
when dual traces are displayed on alternate sweeps;
switching the sync to Channel A preserves the time
relationship between the two signals, because the
sweep always triggers on the same point on Channel
A. Also, syncing to Channel A when in the chopped
dual trace mode assures triggering on the displayed
waveform rather than the chopper. Two unrelated sig-
nals can be displayed by triggering on the composite
waveform. This feature avoids resorting to external
triggering for either of these dual trace presentations.

Single-channel displays are also possible for either
input A or B. The two channels may also be displayed
algebraically added, and a polarity reversal switch on
Channel A allows the differential signal, B—A, to be
displayed.

Although maximum bandwidth is obtained from the
1402A with 6 cm or less deflection, larger amplitude
signals can be displayed without distortion and with
only a small sacrifice in bandwidth. For example, the
bandwidth when using a full 10-cm deflection is greater
than 15 MHz.

Above photo demonstrates bandwidth and excellent transient
response of 1402A Dual Trace Amplifier. Sweep time is 20
ns/cm; sensitivity is 5 mV/cm.

Mode of operation: (1) Channel A alone, (2) Channel B
alone, (3) Channel A and Channel B displayed on alter-
nate sweeps, (4) Channel A and Channel B displayed
by switching at approx. 100 kHz, with trace blanking
during switching, (5) Channel A and Channel B added
algebraically, polarity of Channel A may be inverted
to obtain differential operation.

Bandwidth: (6 cm reference signal) dc coupled, dc to 20
MHz; ac coupled, 2 Hz to 20 MHz.

Risetime: less than 20 nsec with 6 cm step input.

Deflection factor (sensitivity): each channel; 5 mV/cm to
10 V/cm, 11 ranges in a 1, 2, 5 sequence; accuracy
+39%,; vernier provides continuous adjustment be-

10

Specifications

tween steps and extends 10 V/cm step to at least 25
V/cm.

Signal delay: signal is delayed so that leading edge of
fast-rise signals is visable at start of sweep.

Common mode rejection: (in B-A mode) at least 40 dB
on 5 10, and 20 mV/cm ranges, at least 30 dB on
50 mV/cm to 10 V/cm ranges; common mode signal
not to exceed 150 cm (e.g., 150 volts on 1 V/cm
range) or a frequency of 500 kHz.

Input RC: 1 megohm shunted by 43 pF.

Maximum input: 600 volts peak (dc + ac).

Weight: net, 6 Ibs (2,7 kg); shipping, 8 Ibs (3,6 kg).

Price: HP Model 1402A, $575.
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INPUT

- 5mV/cm

- dc to 5 MHz

- Algebraic addition
 Full 10 cm deflection
-+ Wide dynamic range

Description

The 1405A Dual Trace Amplifier provides 5 MHz
bandwidth at 5 mV/cm sensitivity. Dual trace presenta-
tions can be displayed on alternate sweeps or by chop-
ping between the two input signals on the same sweep
at a 100 kHz rate. In addition to single-trace presenta-
tions of Channel A or B, the two channels may be alge-
braically added or, by a reversal of the Channel A
polarity switch, the differential signal may be viewed.
The full 5 MHz frequency response is achieved in every
operating mode, and when operating in any sensitivity
position.

In all operating modes each channel has independ-
ent positioning and sensitivity controls, permitting the
comparison of signals with widely differing amplitudes.
When used as a differential amplifier, a common-mode
rejection of better than 40 dB in the higher sensitivity
positions permits the display of low-level signals while
attenuating undersirable components such as hum.

The wide dynamic range of the 1405A permits a 50
cm peak-to-peak signal to be displayed without sig-
nificant distortion. Using A + B mode and a variable
dc voltage source such as the 723A power supply ap-
plied to the second channel, any 10-cm segment of the
50-cm trace can be positioned on screen and analyzed.
The 1405A is an ideal tool for video waveforms when

used with the 1421A Time Base and Delay Generator,
since any single line of a television frame may be iso-
lated and displayed. The 5 mV/cm sensitivity permits
the display of signals in low-level stages, or permits
the use of attenuator probes to prevent circuit loading.
For X-Y measurements, such as phase shift or Lissajous
patterns, the 1405A may be used with any other 1400
series plug-in (including another 1405A) for either
vertical or horizontal deflection.
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Double exposure showing 5-cm pulse on upper waveform, and
the same pulse expanded 10 X to view small perturbation on
the top.

Mode of operation: (1) Channel A alone, (2) Channel B
alone, (3) Channel A and Channel B displayed in alter-
nate sweeps, (4) Channel A and Channel B displayed
by switching at approx. 100 kHz, with trace blanking
during switching, (5) Channel A and Channel B added
algebraically, polarity of Channel A may be inverted
to obtain differential operation.

Bandwidth: dc coupled, dc to 5 MHz (70 nsec rise time;
ac coupled, 2 Hz to 5 MHz (the lower limit is extended
to approx. 0.2 Hz with a X10 probe).

Deflection factor (sensitivity): each channel; 5mV/cm to
10 V/cm, 11 ranges in a 1, 2, 5 sequence; accuracy

Specifications

+39,; vernier provides continuous adjustment between
steps and extends 10 V/cm step to at least 25 V/em.

Common mode rejection: at least 40 dB on 5, 10, and 20
mV/cm ranges, at least 30 dB on 50 mV/cm to
10 V/cm ranges; common mode signal not to exceed
50 cm (e.g., 0.5 volt on 10 mV/cm range) or a fre-
quency of 50 kHz.

Input RC: 1 megohm shunted by 43 pF.

Maximum input: 600 volts peak (dc + ac).

Weight: net, 4 Ibs (1,8 kg); shipping, 7 Ibs (3,2 kg).

Price: HP Model 1405A, $325.

Special order: double-size, single-channel, X-Y only ver-
sion of Model 1405A; order KO5-1405A; price, $325.
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- 50 uV/cm

+ dc to 400 kHz

- dc stabilized (no drift)

- Calibrated offset for accurate
ac & dc measurements

Description

in addition to 50 uV/cm sensitivity, no drift dc sta-
bilization, and wide dynamic range, the 1406A offers
a calibrated dc offset for better than 0.59% accurate
ac and dc voltage measurements.

Accurate measurements are accomplished by insert-
ing the test signal into one side of a high common
mode rejection differential amplifier and a very accu-
rate (.159%) dc level into the other side. The top of
the waveform is then positioned to center screen with
the offset controls and the offset reading noted. This
is then repeated for the bottom of the waveform. The
difference between the two offset readings is the ac
amplitude.

The same technique is used when measuring a dc
level except only one reading is required; zero volts is
already established because the stabilizer eliminates
drift.

The range switching is interlocked with the sensi-
tivity switching so that the direct reading offset does
not change when changing the sensitivity. There are
ten offset ranges providing =.1v to ==1000v in decade
steps.

The 1406A can also be used as a differential ampli-
fier. The high common mode rejection and no drift
features provide for accurate differential measure-
ments. An external ground is also provided to eliminate
ground loops.

The adjustable bandwidth control of the 1406A
allows the user to reduce bandwith from the maximum
of 400kHz down to 100, 25, 5kHz, eliminating noise
present in the unused part of the bandwidth. The front
panel amplifier output permits driving external equip-
ment such as X-Y recorders or tape recorders.

Sensitivity: 50 uv/cm to 20 v/em in a 1, 2, 5 sequence.
Vernier provides continuous adjustment between
ranges and extends minimum sensitivity to at least
50 v/cm. Attenuator accuracy is *=39%.

Amplifier output: Approx. 1lv/cm, dc coupled, single
ended, DC level approx. O volts, output impedance
less than 100 ohms, dynamic range =5 v.

Bandwidth:

Upper limit:

20 v/cm to 100 wv/cm-400 kHz (0.9 us rise time)
50 uv/cm-300 kHz
Upper limits of MAX, 100, 25, and 5 kHz selectable
with front panel switch on all sensitivities.

Lower limit: DC with input DC coupled, 2 Hz with
input AC coupled.

Drift:

Long-term drift: Less than ==0.2 cm or less than =20
uv per 200 hrs, whichever is greater.

Temperature drift: Less than =0.2 cm or less than
+50 wv, whichever is greater over a temperature
range of 0°C to 55°C.

Drift correction occurs at 3 Hz for 50 ms/cm sweeps
and faster, and 1.5 Hz on 0.1 s/cm sweeps and
slower.

Range to range shift: DC stabilization maintains a fixed
baseline reference within =1 c¢m on CRT over entire
range of sensitivity after a 3-minute warmup.

Positioning: Baseline can be positioned =10 cm by con-
tinuous position.

DC offset: Offset is applied to the B (—) input.

Readout: 4-digit resolution, with lighted decimal indi-
cators.

Ranges: =0.1 v, =1 v, =10 v, =100 v, #=1000 v. Up
to =10 v offset can be used on all sensitivity ranges;
an equivalent =100 v range can be used from 0.5
mv/cm through 20 v/cm, and an equivalent =1000
v range from 5 mv/cm through 20 v/cm.

Specifications

Accuracy: *0.159, of indicated value plus 0.059% of
full scale offset range, on =0.1 v, =1 v, and =10 v
ranges. *=0.49%, of indicated value plus 0.059; of full
scale offset range, on =100 v and 1000 v ranges.

Differential input: May be selected on all sensitivity
ranges. Single-ended operation is used when employ-
ing offset.

Common mode rejection: (=5 v pk-pk input, DC coupled,
50uv/cm to 20 mv/cm)
dc to 60 Hz—80 db
60 Hz to 10 kHz—60 db

Maximum input without overload:

50 wv/cm to 20 mv/cm—=10 v pk-pk
50 mv/cm to 2 v/ecm—=100 v pk-pk
5 v/cm to 20 v/cm—=600 v pk-pk

Dynamic range: Dynamic sighals of at least =50 cm of
deflection can be displayed without distortion.

Input impedance: 1 megohm shunted by 100 pf, con-
stant on all attenuator ranges.

Max input:

V, range: .1-10
15 v (DC + peak AC), .05 mv/cm to 20 mv/cm;
150 v, 50 mv/cm to .2 v/cm; 600 v, .5 v/cm to
20 v/cm.
V, range: 100
150 v (DC + peak AC)
V. range: 1000
600 v (DC 4 peak AC)

X-Y operation: Two 1406A's can be used to give stabilized
X-Y presentation.

Time base compatability: The 1406A and 1407A can be
used directly with the 1422A and 1423A; 1420’s be-
low serial 441-01326 and 1421A's below serial 545-
00651 must be modified. (Order kits 01420-69502
for the 1420A, 01421-69501 for the 1421A.)

Weight: Net, 5 Ibs (1,8 kg); shipping, 7 Ibs (3,2 kg).

Price: $850.
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HIGH SENSITIVITY AMPLIFIERS

HIGH SENSITIVITY AMPLIFIERS

1400A
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- 100 uV/cm

dc to 400 kHz

- Selectable bandwidth

- Differential on all ranges
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1 mV/cm

- dc to 450 kHz

Convenient dual trace triggering

- Low drift

Two independent X-Y displays

1403A
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+ 10 uv/em
- 106 dB common mode rejection
- Guarded input

= 1407 A

» 50 uv/cm
- No drift
- 80 dB common mode rejection

- Low drift using two plug-ins
Specifications
1400A 1401A
Bandwidth: Bandwidth: Input and Amplifier coupling set to dc, dc

Upper limit: 400 (0.9 usec rise time), 40 or 4 kHz.

Lower limit: Input and Amplifier coupling set to dc:
dc; Input set to de and Amplifier set to ac: dc from
20 V/em to 50 mV/em, approx. 0.1 Hz on 20
mV/cm increasing with deflection factor to approx.
20 Hz at 0.1 mV/cm; Input set to ac and Amplifier
set to dc: 2 Hz.

Deflection factor (sensitivity): 100 «V/cm to 20 V/cm,
17 ranges in a 1, 2, 5 sequence; accuracy *£3%;
vernier provides continuous adjustment between steps
and extends 20 V/cm step to at least 50 V/cm.

Phase shift: when used with another Model 1400A, less
than 2° relative phase shift up to 50 kHz with X and
Y deflection factors the same, and verniers in Cal.

Common mode rejection: differential input may be se-
lected on all ranges; CMR at least 40 dB on 0.1
mV/cm to 0.2 V/cm ranges, signal not to exceed 4
V pk-pk; at least 30 dB on 0.5 V/cm to 20 V/cm
ranges, signal not to exceed 40 V pk-pk on 0.5, 1,
and 2 V/cm ranges or 400 V pk-pk on 5, 10, and 20
V/cm ranges, measured with 1 kHz sine wave.

Input RC: 1 megohm shunted by 45 pF.
Maximum input: 600 volts peak (dc + ac).

Internal calibrator: line frequency square wave, 6 cm
pk-pk; displayed when vernier is set to Cal; accuracy

+39,.

Weight: net, 4 Ibs (1,8 kg); shipping, 7 lbs (3,2 kg).
Price: HP Model 1400A, $250.

Mode of operation: (1) Channel A alone, (2) Channel B
alone, (3) Channel A and Channel B displayed on al-
ternate sweeps, (4) Channel A and Channel B dis-
played by switching at approx. 100 kHz, with trace
blanking during switching, (5) Channel A minus Chan-
nel B.

to 450 kHz (0.8 usec rise time); Input set to dc and
Amplifier set to ac, dc to 450 kHz for deflection fac-
tors from 50 mV/cm to 10 V/cm; from 1 mV/cm to
20 V/cm, lower cutoff depends on the deflection fac-
tor: approximately 0.5 Hz (to 450 kHz) at 20 mV/cm
and 10 Hz (to 450 kHz) at 1 mV/cm; Input set to
ac and Amplifier set to dc, 2 Hz to 450 kHz.

Deflection factor (sensitivity): each channel; 1 mV/cm
to 10 V/cm, 14 ranges in a 1, 2, 5 sequence; accuracy
+39,; vernier provides continuous adjustment be-
tween steps and extends 10 V/cm step to at least 25
V/cm.

Phase shift: when used with another Model 1401A, less
than 2° relative phase shift up to 50 kHz with X and
Y deflection factors the same, and verniers in Cal.

Common mode rejection: both inputs may be switched
to one channel to give differential input; cmr at least
40 dB on 1 mV/cm to 0.1 V/cm ranges, signal not to
exceed 4 V pk-pk; at least 30 dB on 0.2 V/cm to 10
V/cm ranges, signal not to exceed 40 V pk-pk on 0.2,
0.5, and 1 V/cm ranges or 400 V pk-pk on 2, 5 and
10 V/cm ranges; measured with 1 kHz sine wave.

Input RC: 1 megohm shunted by 45 pF.
Maximum input: 60 volts peak (dc 4 ac).

Internal calibrator: line frequency square wave, 6 cm
pk-pk; displayed when vernier is set to Cal; accuracy

+3%,.

Display polarity: + up or — up, selectable, 7 Ibs (3,2 kg).
Weight: net, 5 Ibs (2,3 kg); shipping 7 |lbs (3,2 kg).

Price: HP Model 1401A, $425.
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Specifications

1403A

Input modes: (1) input A single-ended, (2) input B single-
ended and inverted, (3) A-B differential, (4) Off dis-
connects inputs and grounds input amplifier, (5) CMR
and (6) Cal for calibrating the instrument; A and B
inputs, guard, and chassis ground are brought out
through a special guarded connector; guard is norm-
ally driven by internal common mode signal amplifier;
with unbalanced source impedances, the guard may
be driven externally, preserving high CMR.

Bandwidth: 0.1 Hz to 400 kHz (0.9 uses rise time) (to
200 kHz at 10 uV¥/cm and to 300 kHz at 20 aV/cm);
upper and lower limits may be independently selected;
lower: 0.1, 1, 10, and 100 Hz; upper: max (greater
than 400 kHz), 100, 10, 1, and 0.1 kHz.

Deflection factor (sensitivity): 0.01 mV/cm to 100
mV/cm, 13 ranges in a 1, 2, 5 sequence; accuracy
+309; vernier provides continuous adjustment between
steps and extends 100 mV/cm step to at least 125
mV/cm.

Phase shift: when used with another Model 1403A, less
than 2° relative phase shift up to 50 kHz with X and
Y deflection factors the same, and verniers in Cal.

Common mode rejection: differential input may be se-
lected on all ranges; with a balance input impedance
and the Guard Drive in Ext, CMR may be adjusted to
the values below for up to 5 V pk-pk, 45 Hz to 3 kHz
(for Int. CMR is 6 dB less than shown below).

Deflection factor Common mode

(mV/cm) rejection (dB)
0.01 to 0.2 106

051,2 86

5, 10, 20 66

50, 100 46

Typical CMR with an unbalanced source impedance when
using Guard Drive Ext on most sensitive ranges:

Unbalance 60 Hz 120 Hz 1 kHz 10 kHz
100 ohms 100 dB 100 dB 100 dB 90 dB

1 k ochms 100 dB 100 dB 90 dB 70 dB
10 k ohms 80 dB 80 dB 70 dB 50 dB

Input RC: 10 megohms shunted by approx. 60 pF.
Maximum input: 600 volts peak (dc + ac) on A and B
inputs, 10 volts on Guard input.

Noise: 20 #V pk-pk at 100 kHz, noise is reduced as band-
width is reduced.

Internal calibrator: line frequency square wave, 100 mV
pk-pk; displayed when input selector is set to Cal;
accuracy *£3%.

Weight: net, 4 Ibs (1,8 kg); shipping, 7 Ibs (3,2 kg).

Accessories furnished: 6-ft double-shielded extension
cable, and a 4-terminal binding post adapter.

Price: HP Model 1403A, $475.

1407 A
Bandwidth:

Upper limit: selectable; 5, 25, 100 kHz, and max (400
kHz for 20 V/cm to 100 »V/cm ranges, 0.9 usec
rise time; or 300 kHz for 50 uV/cm range).

Lower limit: dc coupled input, dc; ac coupled input,
2 Hz.

Deflection factor (sensitivity): 50 w«V/cm to 20 V/cm,
17 ranges in a 1, 2, 5 sequence; accuracy *3%;
vernier provides continuous adjustment between steps
and extends 20 V/cm step to at least 50 V/cm.

Amplifier output: approx. 1 V/cm, dc coupled, single-
ended, dc level approx. 0 V, output impedance less
than 100 ohms, dynamic range =5 V.

Drift: drift correction occurs at 3 Hz for 50 msec/cm
speeds and faster, 1.5 Hz on 0.1 sec/cm speeds and
slower.

Long term drift: less than =0.2 cm or less than
+20 #V/200 hours, whichever is greater.

Temperature drift: less than =0.2 cm or less than
+50 uV, whichever is greater, over a temperature
range of 0°C to 55°C.

Range to range shift: dc stablization maintains a fixed
baseline reference within =1 cm on crt over entire
deflection factor range, after a 3-minute warm-up.

Positioning: baseline can be positioned continuously or
in calibrated steps of 0, =5 cm, and =10 cm; accu-
racy =39%.

DC offset: uncalibrated dc offset is provided in both
single-ended and differential operation; the max
amount of offset obtainable, referenced to the input,
varies with deflection factor approx. as follows: 0.2 V
at 50 #V/cm, increasing to 0.5 V at 10 mV/cm, 5 V
at 100 mV/cm, 50 V at 1 V/cm, and 600 V at 20
V/cm; offset dc drift is less than = 20 «V/hr at con-
stant ambient temperature, or less than =100 nV
for ambient temperature change of 0°C to 55°C.

Differential input: may be selected on all ranges; offset
capability is maintained in differential operation.

Common mode rejection: (=5 V pk-pk input, dc coupled,
50 uV/cm to 20 mV/cm) dc to 60 Hz, 80 dB; 60 Hz
to 10 kHz, 60 dB; max input without overload: 50
wV/cm to 20 mV/cm, =10 V pk-pk; 50 mV/cm to 2
V/ecm, =100 V pk-pk; 5 V/cm to 20 V/cm, *=600
V pk-pk.

Dynamic range: dynamic signals of less than =50 cm
of deflection can be displayed without distortion.

Input RC: 1 megohm shunted by 90 pF.

Maximum input: 100 volts peak (dc + ac) for 0.5 mV/cm
to 20 mV/cm ranges, 600 volts peak (dc + ac) for
50 mV/cm to 20 V/cm ranges.

X-Y operation: two Model 1407A's can be used to pro-
vide stabilized X-Y presentations.

Time base compatibility: the Model 1407A may be used
directly with Models 1422A and 1423A; Model 1420A's
below serial 441-01326, and Model 1421A's below
serial 545-00651 must be modified for use with the
Model 1407A (order kits 01420-69502 for the Model
%420A, $12.50; or 01421-69501 for the Model 1421A,
20).

Weight: net, 5 Ibs (1,8 kg); shipping 7 Ibs (3,2 kg).

Price: HP Model 1407A, $625.
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TIME BASES

+ 10 MHz triggering
- Sweeps to 50 ns/cm
+ Automatic triggering

1422A
R
i @a-@ °
—f—

+ 500 kHz triggering
+ Sweeps to 200 ns/cm
+ Automatic triggering

+ 20 MHz triggering
+ Sweeps to 20 ns/cm
+ Trigger hold-off

Range: 0.5 wusec/cm to 5 sec/cm, 22
ranges in a 1, 2, 5 sequence; accuracy
+39,; vernier provides continuous ad-
justment between steps and extends
the 5 sec/cm step to at least 12.5
sec/cm.

Magnifier: X10, overali accuracy =*£59%;
expands 0.5 wusec/cm speed to 50
nsec/cm.

Automatic triggering: (baseline displayed
in the absence of an input signal).
Internal: 40 Hz to 500 kHz for signals

causing 0.5 cm or more vertical
deflection; also from line signal.

External: 40 Hz to 500 kHz for signals
at least 0.5 V pk-pk.

Trigger slope: positive or negative
slope of external sync signal or in-
ternal vertical deflection signal.

Amplitude selection triggering:

Internal: 10 Hz to 10 MHz for signals
causing 0.5 cm or more vertical
deflection.

External: for signals at least 0.5 V
pk-pk; dc coupled, dc to 10 MHz;
ac coupled, 10 Hz to 10 MHz; max.
input, 600 V pk (dc + ac).

Trigger point and slope: from any
point on the vertical waveform pre-
sented on crt; or continuously vari-
able from —7 to +7 volts on ex-
ternal sync signal; positive or nega-
tive slope.

Single sweep: front panel switch permits
single sweep operation.

Horizontal input:

Bandwidth: dc to better than 1.5 MHz

(typically).

Deflection factor (sensitivity): vernier
permits continuous adjustment
from approx. 50 mV/cm to 5 V/cm.

Input RC: 1 megohm shunted by ap-

prox. 50 pF.
Weight: net 5 Ibs (2,3 kg); shipping 7
Ibs (3,2 kg).

Price: HP Model 1420A, $325.

Specifications

Range: 1 wusec/cm to 5 sec/cm, 21
ranges in a 1, 2, 5 sequence; accuracy
+39,; vernier provides continuous ad-
justment between steps and extends
the 5 sec/cm step to at least 12.5
sec/cm.

Magnifier: X5, overall accuracy *=5%;
expands 1 usec/cm speed to 200

nsec/cm.

Automatic triggering: (baseline displayed
in the absence of an input signal).
Internal: 50 Hz to 500 kHz for signals

causing 0.5 cm or more vertical de-
flection; also from line signal.

External: 50 Hz to 500 kHz for signals
at least 0.5 V pk-pk.

Trigger slope: positive or negative
slope of external sync signal or in-
ternal vertical deflection signal.

Amplitude selection triggering:

Internal: dc or 10 Hz to 500 kHz (de-
pending on vertical system) for sig-
nals causing 0.5 cm or more verti-
cal deflection.

External: for signals at least 0.5 V
pk-pk; dc coupled, dc to 500 kHz;
ac coupled, 10 Hz to 500 kHz; max.
input, 600 V pk (dc + ac).

Trigger point and slope: from any
point on the vertical waveform pre-
sented on crt; or continuously vari-
able from —10 to +10 volts on
external sync signal;, positive or
negative slope.

Single sweep: front panel switch permits
single sweep operation.

Horizonal input:

Bandwidth: dc coupled, dc to 400 kHz;

ac coupled, 20 Hz to 400 kHz.

Deflection factor (sensitivity): vernier
permits continuous adjustment from
approx. 0.8 V/cm to 2.5 V/cm.

Input RC: 1 megohm shunted by ap-
prox. 150 pF.

Weight: net 5 Ibs (2,3 kg); shipping 7
Ibs (3,2 kg).

Price: HP Model 1422A, $225.

Range: 0.2 wusec/cm to 5 sec/cm, 23
ranges in a 1, 2, 5 sequence; accuracy
+39%,; vernier provides continuous ad-
justment between steps and extends
the 5 sec/cm step to at least 12.5
sec/cm.

Magnifier: X10, overall accuracy *5%;
expands 0.2 wusec/cm speed to 20
nsec/cm.

Automatic triggering: (baseline displayed
in the absence of an input signal)
same as Normal, except lower limit
is 40 Hz for both ac and dc coupling.

Normal triggering:

Internal: dc coupled: dc (with Models
1406A/1407A) to 15 MHz for sig-
nals causing 0.5 cm or more verti-
cal deflection, to 20 MHz for 1 cm
signals; ac coupled: 10 Hz to 15
MHz for 0.5 cm signals, to 20 MHz
for 1 cm signals; ACF: approx. 2
kHz to 15 MHz for 0.5 cm signals,
to 20 MHz for 1 cm signals.

External: for signals at least 0.5 V
pk-pk; dc coupled, dc to 20 MHz;
ac coupled, 10 Hz to 20 MHz; ACF,
approx. 2 kHz to 20 MHz; max. in-
put, 600 V pk (dc + ac).

Line: triggering from line frequency
also selectable.

Trigger point and slope: selectable in
both normal and automatic; from any
point on the vertical waveform pre-
sented on crt, or continuously variable
from —5 to +5 volts on external sync
signal; positive or negative slope.

Trigger hold-off: time continuously vari-
able, exceeding one full sweep at 50
msec/cm and faster, prevents multi-
ple triggering on signals that have de-
sired triggering level and slope ap-
pearing more than once per cycle.

Trigger input RC: dc and ac, approx. 1
megohm shunted by 50 pF; ACF, ap-
prox. 120 k ohms shunted by 50 pF.

Single sweep: front panel switch permits
single sweep operation.

Horizontal input:

Bandwidth: dc to 500 kHz.

Deflection factor (sensitivity): vernier
and X 10 magnifier permit continu-
ous adjustment from approx. 300
mV/cm to 30 V/cm.

Input RC: 1 megohm shunted by ap-
prox. 50 pF.

Weight: net 5 Ibs (2,3 kg); shipping 7
Ibs (3,2 kg).

Price: HP Model 1423A, $450.
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i Ve TRt 1421A TIME BASE
gl AND DELAY GENERATOR
& = - Stable triggering to 20 MHz
5 0 - Single sweep in any mode
2 - - Automatic triggering, easy to use
} ; i - Sweeps to 20 nsec/cm
Description

The 1421A Time Base and Delay Generator provides
sweep speeds to 20 nsec/cm with stable triggering to
20 MHz and beyond.

The delayed sweep feature of the 1421A permits
detailed examination of any portion of a complex signal
or pulse train by generating an accurately controlled
delay time, at the end of which, a second sweep in the
1421A provides the deflection signal to the CRT. The
1421A has provision to trigger the deflection sweep
at the end of the delay interval either automatically,
on the vertical deflection signal (internal) or on an ex-
ternal signal. In the Automatic mode, the delayed sweep
is immediately triggered at the end of the delay inter-
val, thereby permitting accurate measurements of the
time jitter in the input waveform. In the internal and
external modes, the delayed sweep is armed at the end

of the delay interval and the signal triggers the delayed
sweep. Thus the rise time and amplitude can be accu-
rately measured without jitter.

A . c .
i |

B D
1l =l

The four basic sweep modes of the 1421A are shown above.
(A) Normal Sweep; (B) Intensified Sweep, the deflection de-
veloped by the delaying sweep and the trace brightened dur-
ing the time that the delayed sweep is running; (C) Delayed
Sweep, the brightened portion of (B) expanded to full screen;
and (D) Mixed Sweep, beam deflected initially by delaying
sweep and then by the faster delayed sweep.

Main sweep: for displaying signals vs time where sweep
delay is not required; employs the main time base only.

Range: 0.2 usec/cm to 1 sec/cm, 21 ranges in a 1,
2, 5 sequence; accuracy *=39%; vernier provides con-
tinuous adjustment between steps and extends 1
sec/cm step to at least 2.5 sec/cm.

Triggering: (when used with Model 1402A).
Amplitude selection

Internal: approx. 10 Hz to 15 MHz for signals
causing 0.5 cm or more vertical deflection, to
20 MHz for 1 cm signals; also from line signal.

External: for signals at least 0.5 V pk-pk; dc
coupled, dc to 20 MHz; ac coupled, approx. 5
Hz to 20 MHz.

Trigger point and slope: controls allow selection
of level and positive or negative slope; trigger
level of external sync signal is continuously
variable from —5 to +5 volts.

Automatic: baseline displayed in the absence of an
input signal; internally down to 40 Hz on signals
causing 1 cm or more vertical deflection, also
on line signal; externally down to 40 Hz on sig-
nals at least 1 V pk-pk; trigger slope, positive or
negative.

Trace intensification: used for setting up Delayed or
Mixed Sweep modes by increasing brightness of por-
tion of Main Sweep which will be expanded to full
screen in Delayed Sweep, or magnified portion of dis-
play in Mixed Sweep; rotating Delayed Sweep time
switch out of Off position activates intensified mode.

Delayed sweep: delayed time base sweeps after a time
delay set by Main Sweep and Delay Controls.

Range: 0.2 psec/cm to 50 msec/cm, 17 ranges in a
1, 2, 5 sequence; accuracy *+=39%;; vernier provides
continuous adjustment between steps and extends
50 msec/cm step to at least 125 msec/cm.

Specifications

Delay (before start of delayed sweep)

Time: continuously variable from 0.5 usec to 10 sec.

Accuracy: *=19%; linearity, =0.29%,; time jitter less
than 0.0059, of max. delay of each range (1
part in 20,000).

Trigger output: (at end of delay time) approx. +4

V with less than 150 nsec risetime, from 1 k ohms
output impedance.

Triggering: (applies to intensified Main, Delayed, and
Mixed Sweep modes).

Automatic: delayed sweep starts precisely at end of
delay period.

Internal: delayed sweep triggered by vertical waveform
presented on CRT after end of delay period; approx.
10 Hz to 15 MHz for signals causing 0.5 cm or
more vertical deflection, or to 20 MHz for 1 cm
signals.

External: delayed sweep triggered by external signal
after end of delay period; for signals at least 0.5
V pk-pk: dc coupled, dc to 20 MHz; ac coupled,
approx. 5 Hz to 20 MHz.

Trigger point and slope: (internal and external) Same
as Main Sweep.

Mixed sweep: dual sweep-speed display in which main
sweep drives first portion of display, and delayed
sweep completes the display at sweep speeds up to
100 times faster; changeover point determined approx.
by delay setting.

Triggering: same as for Delayed Sweep.

Magnifier: X 10, any display; overall accuracy *=5%; ex-
pands 0.2 usec/cm speed to 20 nsec/cm.

Single sweep: any display can be operated in singie
sweep.

Horizonal input
Bandwidth: dc to typically better than 500 kHz.
Deflection factor (sensitivity): vernier and X 10 magni-

fier permit continuous adjustment from approx. 0.3
V/cm to 30 V/cm.

Input RC: 1 megohm shunted by less than 20 pF.

Weight: net, 5 Ibs (2,3 kg); shipping, 7 Ibs (3,2 kg).

Price: HP Model 1421A, $625.
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1 GHzZz SAMPLING AMPLIFIER

1410A

- Internal triggering

- High impedance probes
and 50¢ inputs

-1 mV/cm

-1 GHz

The Dual Channel 1410 A Sampling Vertical Ampli-

fier provides 1 mV/cm sensitivity at 1GHz, and com-
bines in a single instrument the convenience of high-
impedance probes for circuit measurement PLUS
50-ohm inputs with delay lines for internal triggering
—both with the full 1GHz bandwidth. Both give less
than 100 psec time difference between channels for
accurate phase measurements in the A vs B mode,
and for precise dual trace time comparisons.

Optimum compromise among rise time, overshoot,

and noise can be easily and quickly made with the
front-panel rise time and smoothing controls.

Front-pane! recorder outputs with both d-c level and

amplitude adjustments simplify your X-Y or strip chart
recorder setup and enable permanent recording of
CRT traces.

The A vs. B mode of the 1410A permits X-Y measurements to

1 GHz and above.

Specifications

Mode of Operation:

1. Channel A only.

2. Channel B only.

3. Channel A and Channel B.

4. Channel A and Channel B added algebraically.

5. Channel A vs. Channel B.

Polarity: Either channel may be displayed either positive
or negative up in any mode.

Rise Time: Less than- 350 ps.

Bandwidth: DC to 1 GHz.

Overshoot: Less than 59,.

Sensitivity: Calibrated ranges from 1 mV/cm to 200
mV/cm in a 1, 2, 5 sequence. Vernier control pro-
vides continuous adjustment between ranges and in-
creases maximum sensitivity to greater than 0.4
mVy/cm,

Attenuator Accuracy: =39%.

Isolation Between Channels: Greater than 40 dB to 1
GHz.

Input Impedance:

Probes: 100K ohms shunted by 2 pF nominali.

GR Type 874 Inputs: 50 ohms %29, with 57 ns in-
ternal delay lines for viewing leading edge of fast
rise signals. Reflection from input connector is
approx. 109,, using a 150 ps TDR system.

Noise: (3 X rms, or observed signal excluding 109, of
random dots, measured with probe terminated in 50¢).
Less than 1 mV, 5 mV/cm to 200 mV/cm. Noise de-
creases on automatically smoothed ranges 2 and 1
mV/cm. Smoothed position of smoothing switch re-
duces noise and jitter approximately 4:1. Vernier con-
trol provides continuous adjustment between the
normal and smoothed modes.

Dynamic Range: =2 volts.
Drift: Less than 3mV/hr after warmup.
Maximum Safe Input:
Probes: =50 volts.
509 Inputs: =5 volts
Triggering: Internal or external when using 509 inputs.
Internal triggering selectable from Channel A or B.
External triggering necessary when using probes.
Time Difference Between Channels (for probes or 501
inputs):
Less than 100 ps.

Recorder Outputs: Front panel outputs provide 0.1 V/cm
from a 5009 source. Gain adjustable from approxi-
mately 0.05 V/cm to 0.2 V/cm. DC level adjustable
from approx. —1.5 V to +0.5 V.

Accessories Provided:

Model Quantity Description
10214A 2 10:1 Divider
10216A 2 Isolator
10217A 2 0.001 u«F Blocking Capacitor
10218A 2 BNC Adapter
10219A 1 GR Adapter
10220A 2 Microdot Adapter
10221A 1 509 T-Connector
10213-62102 6 Ground Clip
5020-0457 6 Probe Tip

— 1 Accessory Box

Weight: Net, 10 Ibs (4,5 kg). Shipping, 15 Ibs (6,8 kg).
Price: $1600.
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1 GHz ACCESSORIES

1410A ACCESSORIES (Separately Avdailable)

10214A 10:1 Divider. Permits accurate measurement of
signals as large as 20 volts peak-to-peak and increases
the impedance of the probe to 1 megohm shunted by
2.5 pF. Price, $30.00.

10216A Isolator. Increases convenience and accuracy
when probing by reducing base line shift and transient
response changes caused by changes in the circuit source
impedance. 1410A rise time is increased to approxi-
mately 0.6 nsec and probe input capacitance is increased
by less than 3 pF. Price, $25.00

j

10217A Blocking Capacitor. This blocking capacitor
(0.001 uF permits measurements of signals that are *=50
volts from ground (to #2200 V when used with 10214A
10:1 Divider). The blocking capacitor contributes only
19, sag to a 1 usec pulse when used with the probe
alone, and 0.1%, sag when used with the 10:1 divider.
No more than 2.5 pF shunt capacitance is added to the
input by the blocking capacitor. Price, $20.00.

10218A BNC Adapter. Converts probe tip into a male
BNC connector. Price, $6.00.
10219A GR Adapter. Converts probe tip into a GR Type
874 connector. Price, $11.00.

10220A Microdot Screw-on Adapter and 10223A Micro-
dot Slide-on Adapter. Allows easy connection to coaxial
connectors, and also provides a solid ground reference.
Price: 10220A, $3.50; 10223A, $2.00.

10221A 50-Ohm T Connector. Permits monitoring of
signals in 50-ohm transmission lines with the 1410A
without terminating the line or disturbing the signal. Mis-
match is low; the reflection from a step input is no
greater than 209, of the input step height. Price, $40.00.

Additional Accessories
(Not Supplied with 1410A)

10203A 100:1 Divider. This 100:1 divider may be used
to reduce signal levels as high as 200 V to the =2 V
dynamic range of the 1410A. The 10203A offers less
than 1 pf shunt capacity and 10 megohms shunt resist-
ance to the circuit under test. (The K01-10203A Divider
Adapter must be used to adapt the 10203A to the 1401A
probe). Price, $40.00.

K01-10203A Divider Adapter. Adapts the 10203A 100:1
Divider to the 1410A probe. Price, $20.00.

11028 Accessory Kit

The Model 1102B Accessory Kit permits convenient
circuit probing and reduced circuit loading with oscil-
loscopes that have 50-ohm input impedances. Thus it
allows probing with the 1410A where the 500 inputs
are used in order to get internal triggering. The kit
is also ideal for the 1432A where a high input im-
pedance is needed to prevent loading of the test cir-
cuit.

Specifications

10201A to D Resistive Divider Probes and 10122A Cable.
The dividers should always be terminated with 50 ohms
to provide the correct voltage division. They should not
be attached directly to the 1410A probe.

Division us for
Input Ratio with Max 19, Sag
Resistance Division 10205A Sync Input with
Model (ohms)* Ratio Take-Off (vrms) 10209A
10201A 250 5:1 10:1 10 0.25
10201B 500 10:1 20:1 15 0.5
10201C 2500 50:1 100:1 35

2.5
10201D 5000 100:1 200:1 50 5.0

Input Capacitance: 0:4 pF.
Price, as sold separately, $40.00 each.

= When terminated in 50 ohms.
1 Limited by the power dissipation of the resistive element.

10208A Blocking Capacitor. This blocking capacitor
(0.001 uf) permits measurements of signals that are
+600 volts from ground. No more than 0.5 pF shunt
capacitance is added to the input by the blocking capaci-
tor. Price, as sold separately, $3.50.

10209A Blocking Capacitor. This blocking capacitor (0.1
uF may be used to observe relatively long pulses or
signals =200 volts from ground. Signals which have
rise times greater than 1 nsec may be displayed without
distortion. No more than 3.5 pF shunt capacitance is
added to the input. Price, as sold separately, $27.00.
The kit also includes: 1 ea HP Model 10122A, Cable,
Coaxial, Type N to BNC Female; 1 ea GR Type 874, Type
N Female to GR Adapter; 2 ea HP Part Number 5060-
0415, Ground Clip; and 1 ea Accessory Box.

Weight: Net, 3 Ibs (1,4 kg). Shipping, 4 Ibs (1 8 kg).
Price: Model 1102B Accessory Kit, $160.0
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12.4 GHzZ SAMPLERS
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1411A

- Bandwidths to 12.4 GHz
-1 mV/cm

- Remote samplers

- Feed-through inputs

1430A 28 psec SAMPLER

1431A 12.4 GHz SAMPLER

Description

The 1411A Sampling Vertical Amplifier is a basic
vertical plug-in that accepts a series of wide band
samplers. All three samplers have 1 mV/cm sensi-
tivity. Feed-through inputs are also featured, for
monitoring signals without terminating them and for
precise Time Domain Reflectometry measurements.

The remote samplers, connected to the oscilloscope
by a five-foot cable, can be placed right at the signal

source, eliminating lossy lines.

Rise time is set with a front panel knob, allowing
convenient adjustment of rise time and bandwidth to
the ultimate when needed, at the sacrifice of increased
noise. Front panel recorder outputs and an X-Y mode
for wideband phase measurements add to the 1411A’s
measurement capability.

(When used with 1430A, 1431A, or 1432A)
Mode of Operation:
1. Channel A only.
2. Channel B only.
3. Channel A and Channel B.
4. Channel A and Channel B added algebraically.
5. Channel A vs. Channel B.
Polarity: Either channel may be displayed either positive
or negative up in any mode.
Sensitivity: Calibrated ranges from 1 mV/cm to 200 mV/
cm in a 1, 2, 5 sequence. Vernier control provides

Specifications

continuous adjustment between ranges and increases
maximum sensitivity to greater than 0.4 mV/¢cm.

Attenuator Accuracy: =39%,.

Isolation Between Channels: Greater than 40 dB over
bandwidth of sampler.

Recorder Outputs: Front panel outputs provide 0.1 V/cm
from a 5009 source. Gain adjustable from approx.
0.05 V/cm to 0.2 V/cm. DC level adjustable from
approx. —1.5 V to 40.5 V.

Weight: Net, 10 Ibs (4,5 kg). Shipping, 15 Ibs (6,8 kg).

Price: $700.

1432A 90 psec SANMPLER

The 1432A is a lower-priced version of the 1430A
and 1431A. Its 90 psec rise time (DC to 4 GHz band-
width), 1 mV/cm sensitivity, and feed through inputs
permit many accurate measurements involving CW,
fast pulses, and TDR.

Specifications

(When used with 1411A)
Rise Time: Less than 90 ps.
Bandwidth: DC to 4 GHz.
Overshoot: Less than =59;.
Noise: Less than 3 mV from 5 mV/cm to 200 mV/cm
(otherwise same as 1430A).
Dynamic Range: =#=1 volt.
Low Frequency Distortion: Less than =39,.
Maximum Safe Input: =5 volts.
Input Characteristics:
Mechanical: GR type 874 connectors used on input
and output.

Electrical: 50 ohm feedthrough, dc coupled. Reflection
from sampler is approx. 15% using a 90 ps TDR
system. Pulses emitted from sampler input are
approximately 50 mV in amplitude and 10 ns wide.

Time Difference Between Channels: Less than 25 psec.

Connecting Cable Length: 5 ft. (for longer cable, see
special order below).

Weight: Net, 4 Ibs (1,8 kg). Shipping, 9 Ibs (4.1 kg).

Accessories Provided: Two GR Model 874-W50 50 ohm
loads.

Price: $1000

Special Order: 10-ft. connecting cable (5-ft. is standard),
order CO1-1432A. Price, $1035.
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Description

The 1430A provides 28 psec rise time with minimal
overshoot for accurate measurements on fast-rise
puises. Used with the 1105A/1106A 20 psec pulse
generator, its response and feed-through inputs make
it ideal for TDR measurements

The 1431A allows viewing of CW signals from dc to
beyond 12.4 GHz at 1 mV/cm sensitivity. It differs
slightly from the 1430A, having a very flat bandwidth
and low VSWR at the sacrifice of increased overshoot.

1430A

(When used with 1411A)

Rise Time: Approx. 28 ps. (Less than 35 ps observed
with 1105A/1106A pulse generator and 909A 50-ohm
load.)

Bandwidth: DC to approx. 12.4 GHz.

Overshoot: Less than *=59,.

Noise: (3 X rms, or observed signal excluding 109% of
random dots.) Less than 8 mV, 5 mV/cm to 200
mV/cm. Noise decreases on automatically smoothed
ranges 5, 2, and 1 mV/cm. Smoothed position of
smoothing switch reduces noise and jitter approxi-
mately 4:1. Vernier control provides continuous ad-
justment between the normal and smoothed modes.

Dynamic Range: =1 volt.

Low Frequency Distortion: Less than =*39;.

Maximum Safe Input: =3 volts.

Input Characteristics:

Mechanical: Amphenol APC-7 precision 7 mm con-
nectors on input and output.

Electrical: 50 ohm feedthrough, dc coupled. Reflection
from sampler is approx. 10%, using a 40 ps TDR
system. Pulses emitted from sampler input are
approximately 10 mV in amplitude and 5 ns in
duration. VSWR <3:1 at 12.4 GHz.

Time Difference Between Channels: Less than 5 ps.

Connecting Cable Length: 5 ft. (for longer cable see
special order below).

Weight: Net, 4 Ibs (1,8 kg). Shipping 9 Ibs (4,1 kg).

Accessories Provided: Two Amphenol APC-7 to female
Type N adapters (HP 10224A). Two 50-ohm loads
(HP 909A).

Price: $3000.

Special Order: 10-ft. connecting cable (5-ft. is standard),

order C01-1430A. Price, $3035.

Specifications

1431A

(When used with 1411A)
Bandwidth: DC to greater than 12.4 GHz (less than 3 dB

down from a 10 cm dc reference).
Rise Time: Approx. 28 psec.
VSWR: DC to 8 GHz 1.4:1
8 to 10 GHz l1.6:1
10 to 12.4 GHz 2.0:1

Noise: Less than 7 mV from 5 mV/cm to 200 mV/cm
(otherwise same as 1430A).

Dynamic Range: =1 volt.
Low Frequency Distortion: Less than *=39.

Maximum Safe Input: =3 volts.
Input Characteristics:

Mechanical: Amphenol APC-7 precision 7 mm connec-
tor used on input and output.

Electrical: 50-ohm feedthrough, dc coupled. Reflection
from sampler is approx. 5%, using a 40 ps TDR
system. Pulses emitted from sampler input are ap-
proximately 10 mV in amplitude and 5 ns in dur-
ation.

Phase Shift Between Channels: Less than 10° at 5 GHz,
typically less than 2° at 1 GHz.

Connecting Cable Length: 5 ft. (for longer cable see
special order below).

Weight: Net, 4 Ibs (1,8 kg). Shipping 9 Ibs (4,1 kg).

Accessories Provided: Two Amphenol APC-7 to female
Type N adapters (HP 10224A). Two 50-ohm loads
(HP 909A).

Price: $3000.

Special Order: 10-ft. connecting cable (5-ft. is standard),

order CO1-1431A. Price, $3035.
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12.4 GHz SAMPLING APPLICATIONS

12.4 GHz SAMPLING APPLICATIONS

La B

“-H;

- 40 psec TDR

- Discontinuity Resolution to less than 1 cm
- Remote Sampling Heads

- Reflection coefficient sensitivity to .002/cm

Description

If design of GHz coaxial components is important
to you then HP's new sampling system used as a Time
Domain Reflectometer is your answer. For the first
time you can see discontinuities causing undesired re-
flections at very high frequencies. Connectors, at-
tenuators, delay lines, distributed deflection plates,
switches, and strip lines are just a few of the many
devices that can be designed or checked quickly be-
cause of this new advance in sampling techniques.

HP Models 1424A or 1425A Time Base, 1411A

L

(]

1 .2 -
4 X
[+

Fig. 1. Response of sampler to incident step in TDR System
of Fig. 3. Typical rise time is less than 35 ps. Vertical: re-

flection coefficient =— 0.2/cm; Horizontal: 20ps/cm.
——\
1424A OR 1425A
TIME BASE
SYSTEM
UNDER
TEST
SYNC PULSE
OUTPUT
1105 A 1430A
h— =

1106A

22

Vertical Amplifier, 1430A 28 psec Sampler, and the
1105/1106A Fast Rise Pulser make up the system.
20 psec pulses (with less than 59 overshoot) driven
through the 28 psec sampler into the system under
test form a TDR system with a rise time of less than
40 psec which is about the time it takes light to travel
o™ in air.

Contact your HP Field Engineer soon for a demo on
your own application. It may be the solution to one
or more of your unanswered design problems.

Fig. 2. Typical TDR resolution of discontinuities in a cable-
connector-adapter-connector-cable combination. a) large cable
connected to connector; b) connector to adapter; ¢) 50Q bead
in adapter; d) adapter to connector; and e) connector to small
cable. Horizontal: 50 psec/cm; Vertical: reflection coefficient

Fig. 3. Reflections were caused by three sections of 759
center conductors inserted into a 509 air line. They are 15",
" and Y, in length spaced by 34". The Y,"” section has
reached maximum deflection (flattened slightly) and even the
4" section is very near the same magnitude.

- 124 GHz
- Low VSWR
- 18 GHz Trigger Countdown

Description

Whether your application is in the design or mon-
itoring of microwave systems, you can, for the first
time make accurate oscilloscope measurements through
X-band.

Observe outputs from your signal source for ampli-
tude, distortion and jitter. Check gain, distortion, fre-
quency and phase shift of TWT and other high fre-
quency amplifiers. All types of modulated signals can
be looked at for modulation index, distortion, and

'
—

Figure 1. Oscillogram shows 18 GHz sine wave. Note that
jitter even at this frequency is less than 10 psec. Signal was
obtained using 1431A 12.4 GHz Sampler and 1104A/1105A
Trigger Countdown.

MODULATED

CARRIER
MODULATING
C SIGNAL

TRAPEZOIDAL DISPLAY

Figure 2. Displays like this one represent a technique of meas-
uring characteristics of a modulator without the need for trig-
gering. Basically, the idea is to feed the modulated carrier
into the vertical channel and the modulating signal into the
horizontal channel. Set MODE to A Vs B and free run the
sweep.

phase shift. Low frequency distortion can be detected
by making X-Y recordings using the recorder outputs
of the Vertical Amplifier.

All this and more is made possible using the HP
1431A 12.4 GHz Sampler with the HP 1411A Vertical
Amplifier, the HP 1424A or 1425A Time Base, and the
HP 1104A/1106A Trigger Countdown. Select the HP
140A Main Frame or, if you prefer, the HP 141A Var-
iable Persistence and Storage Main Frame.

Figure 3. Accurate phase measurements can be made with
the HP Model 1431A 12.4 GHz Sampler which has less than
10° phase difference between channels at 5GHz and typically
less than 2° at 1GH:z.

1424A OR @y
1425A
TIME BASE | SN EXTERNAL TRIGGER
1<1IA INPUT
)
i
14304
OR
1431A
11064
ouTPUT =
)
11044 TEST
SIGNAL

Figure 4. This is a typical hookup of HP's new Sampling
systems for measuring or monitoring microwave signals.
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SAMPLING TIME BASES

1424A

- Direct readout of all sweeps
+ Calibrated sweeps to 10 psec/cm
- Triggering to 5 GHz

Descriplion

The 1424A is an easy-to-operate time base for use
with the 1410A and 1411A plug-ins. Convenient and
more meaningful measurements are made possible
through features such as: calibrated sweeps as fast
as 10 psec/cm, low jitter, triggering to 5GHz, and
direct readout of sweeps, even when expanded. Ac-
curate time interval measurements can be made with
the calibrated marker position control which positions
the intensified marker to the point on the trace about
which expansion is desired.

A baseline in the absence of an input signal is
provided with automatic triggering which locks in on a
wide range of signals. A single scan feature helps pro-
vide clearer photos and stored traces of drifting or
changing signals. The external scan input makes the
1424A adaptable to automatic systems, and allows

the use of a strip chart recorder rather than a more
expensive X-Y recorder.

Solid triggering to 5 GHz without external count down box.

Sweep Range: 24 ranges, 10 ps/cm to 500 us/cm ina 1,
2, 5 sequence. Sweeps from 1 ns/cm to 500 us/cm
may be expanded up to 100 times and read out di-
rectly. Sweeps from 10 ps/cm to 500 ps/cm are
obtained by expansion and also read out directly.
Accuracy *=39% except for slight non-linearity at start
of normal (unexpanded) sweep. Vernier provides con-
tinuous adjustment between ranges and increases max-
imum sweep speed to faster than 4 ps/cm.

Marker Position: Intensified marker indicates point about
which sweep is expanded; 10-turn, calibrated control.

Minimum Delay: Less than 55 ns.

Triggering: (Less than 1 GHz)

Internal (with 1410A):
Automatic: Baseline displayed in the absence of an
input signal.

Pulses: At least 40 mV amplitude required of
pulses 2 ns or wider for jitter less than 30 ps.

Sine Waves: Signals from 200 Hz to 300 MHz
require 25 mV amplitude for jitter less than
109% of input signal period. (Usable to 1 GHz
with increased jitter.)

Level Select:

Pulses: At least 50 mV amplitude required for

pulses 2 ns or wider for jitter less than 20 ps.

Sine Waves: Signals require from 200 Hz to 300
MHz 25 mV amplitude (increasing to 200 mV
at 1 GHz) for jitter less than 1.59%, of input
signal period + 10 psec.

External:
Automatic: Baseline displayed in the absence of an
input signal.

Pulses: At least 100 mV amplitude required of
fast rise pulses 2 ns or wider for jitter less
than 20 ps.

Sine Waves: Signals from 200 Hz to 500 MHz
require 50 mV for jitter less than 109 of input
signal period. (Usable to 1 GHz with increased
jitter.)

Level Select:

Pulses: At least 50 mV amplitude required of fast
rise pulses 2 ns or wider for jitter less than
20 ps.

Sine Waves: Signals from 200 Hz to 1 GHz re-
quire 50 mV for jitter less than 1.5% of input
signal period 4+ 10 psec. Jitter is less than
50 ps for signals of 10 mV at 1 GHz.

Slope: Positive or negative.

Sensitivity: Jitter specifications above given for sensi-
tive mode; normal mode reduces sensitivity by ap-
proximately 10:1.

Dynamic Range: 100 mV in sensitive 1.0 V in normal
(external).

External Trigger Input: 50, ac or dc coupled; signal
output, <10 mV in sensitive and <5 mV in normal.

Maximum Safe Input: Sensitive, 5 V rms or peak tran-
sient. Normal, 5 V rms (50 V peak transient). In-
ternal, 5 V rms or peak transient.

Jitter: Less than 10 ps on 1 ns/cm range, and less
than 20 ps (or 0.005%, of unexpanded sweep speed,
whichever is larger) at 2 ns/cm and slower, with
signals having rise times of 1 ns or faster.

Triggering: (Greater than 1 GHz)
Jitter less than 20 ps for 25 mV input, 500 MHz to
5 GHz.

Scanning:

Internal: X axis driven from internal source. Scan
density continuously variable.

Manual: X axis driven by manual scan control knob.

Record: X axis driven by internal slow ramp; approxi-
mately 60 seconds for one scan.

External: O to +15 V required for scan; input imped-
ance, 10kf2.

Single Scan: One scan per actuation; scan density
continuously variable.

Sync Pulse Output:
Amplitude: Greater than 1.5 V into 509.
Rise Time: Approx. 1 ns.
Overshoot: Less than 59.
Width: Approximately 1 wusec.
Relative Jitter: Less than 10 ps.
Repetition Rate: One pulse per sample.

Weight: Net, 5lbs (2,3 kg). Shipping, 9 Ibs (4,1 kg).
Price: $1200.

SAMPLING
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1425A

- Delayed sweep
- Calibrated sweeps to 10 ps/cm
- Triggering to 1 GHz

Description

The 1425’s delayed sweep feature allows detailed
examination (magnification as great as 10,000:1) of
any portion of complex signals and pulse trains for
the first time in the GHz region. And accurate time
jitter measurements in the input waveform can be
measured when in the Automatic triggering mode.
This same automatic triggering mode provides a base-
line in the absence of an input signal aiding in getting
a trace displayed sooner.

When you want to set up a magnified trace, an in-
tensified marker dot locates the expansion point for
you. You also get push-button return to X1 magnifica-
tion for fast reference or relocation of the expansion

Jitter on delayed pulse in left photo eliminated at right by
triggering the delayed sweep. Sweep speed, 1 ns/cm; delay,

point. 5 usec.
Specifications
Main Sweep: Level Select:

Range: 1 nsec/cm to 10 wusec/cm, 13 ranges in a
1, 2, 5 sequence; accuracy *=39%,, except for slight
non-linearity at start of unexpanded sweep; vernier
provides continuous adjustment between steps and
extends maximum magnified speed to at least 4
psec/cm.

Magnifier: X1 to X100 in 7 calibrated steps; increase
I nsec/cm sweep step to 10 psec/cm; push button
returns magnifier to X1.

Marker Position: Intensified marker indicates point
about which sweep is expanded; 10-turn control.

Minimum Delay: Main Sweep, less than 55 nsec; Main
Delayed Sweep, less than 105 nsec.

Triggering: (for both Main and Delaying Sweep)
Internal:
Automatic: Baseline displayed in the absence of
an input signal.

Pulses: At least 75 mV amplitude required of
pulses 2 nsec or wider for jitter less than 30
psec.

Sine Waves: Signals from 200 Hz to 300 MHz
require 50 mV amplitude for jitter less than
109% of input signal period (usable to 1 GHz
with increased jitter).

Level Select:

Pulses: At least 100 mV amplitude required of
fast rise pulses 2 nsec or wider for jitter less
than 20 psec.

Sine Waves: Signals from 200 Hz to 300 MHz
require 50 mV amplitude (increasing to 400
mV at 1 GHz) for jitter less than 1.59% of in-
put signal period +10 psec.

External:
Automatic: Baseline displayed in the absence of an
input signal.

Pulses: At least 100 mV amplitude required of
fast rise pulses 2 nsec or wider for jitter less
than 20 psec.

Sine Waves: Signals from 200 Hz to 500 MHz
require 50 mV amplitude for jitter less than
10% of input signal period (usable to 1 GHz
with increased jitter).
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Pulses: At least 50 mV amplitude required for
fast rise pulses 2 nsec or wide for jitter less
than 20 psec.

Sine Waves: Signals from 200 Hz to 1 GHz re-
quire 50 mV for jitter less than 1.59; of input
signal period 410 psec; jitter is less than 50
psec for signals of 10 mV amplitude at 1 GHz.

External Trigger Input: 50-ohms, ac-coupled (2.2 uF);
signal output, less than 10 mV in sensitive, and
less than 5 mV in normal.

Slope: Positive or negative.

Sensitivity: Jitter specifications given above are for
sensitive mode; normal mode reduces sensitivity
by approx. 10:1.

Dynamic Range: 100 mV in sensitive, 1.0 V in normal
(external).

Maximum Input: Sensitive, 5 V rms or peak tran-
sient; normal 5 V rms (50 V pk transient); inter-
nal, 5 V rms or peak transient.

Jitter: Less than 10 psec on 1 nsec/cm range and
less than 20 psec (or 0.0059% of unexpanded
sweep, whichever is larger) at 2 nsec/cm and
slower, with large amplitude signals having rise
times of 1 nsec or faster.

Delaying Sweep:

Range: 10 nsec/cm to 500 usec/cm, 15 ranges in a
1, 2, 5 sequence; accuracy *=39,, except for slight
nonlinearity at start of sweep, =5% on 200 us/cm
and 500 ws/cm ranges, vernier provides continuous
adjustment between steps and increases 10 nsec/
cm step to at least 4 nsec/cm.

Delay Time: Continuously variable from 50 nsec to
5 msec.

Accuracy: =39, linearity 0.5%; jitter time is less
than 1 part in 20,000 or 20 psec, whichever is
greater.

Sweep Functions: Main, delaying, and main delayed.
Scanning: Same as 1424A except no external scan input.
Sync Pulse Output: Same as 1424A. Pulse always syn-
chronized to main sweep trigger circuit; pulse delay
and rate are variable.
Weight: Net, 7 Ibs (3,2 kg). Shipping, 11 Ibs (5 kg).
Price: $1600.
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SAMPLING ACCESSORIES

1105A /1106A
20 psec Pulse Generator

C um =

Specifications

Output:

Rise Time: Approximately 20 ps. Less than 35 ps ob-
served with HP Model 1411A/1430A 28 psec Sam-
pler and HP Model 909A 50 ohm termination.

Overshoot: Less than =*£59; as observed on 1411A/
1430A with 909A.

Droop: Less than 39 in first 100 ns.

Width: Approximately 3 us.

Amplitude: Greater than 4200 mV into 50¢.

Output Characteristics (1106A):

Mechanical: Amphenol APC-7 connector.
Electrical: DC resistance—502 *=294. Source reflec-
tion—Iless than 109, using a 40 ps TDR system.
DC offset voltage—approximately 0.1 V.
Triggering:

Amplitude: At least =0.5V peak required.

Rise Time: Less than 20 ns required. Jitter less than
15 ps when trigged by 1 ns rise time sync pulse
from 1424A or 1425A Sampling Time Base.

Width: Greater than 2 ns.

Maximum Safe Input: 10 volts.

Input impedance: 200 ohms, ac coupled through 20 pF.

Repetition Rate: 0 to 100 kHz; free runs at 100 kHz.

Accessories Provided (with Model 1105A):
One 6-ft. 509 cable with male Type N connectors, HP
Model No. 10132A.
Weight:
1105A: Net, 3 Ibs (1,4 kg). Shipping, 8 Ibs (3,6 kg).
1106A: Net 1 Ib (0,5 kg). Shipping, 3 Ibs (1,4 kg).
Price: 1105A, $200. 1106A, $550.

1104A,/1106A

18 GHz Trigger Countdown

Speciflcailons

Input:

Frequency Range: 1 GHz to 18 GHz.

Sensitivity: Signals 100 mV or larger, and up to 12.4
GHz, produce less than 20 ps of jitter (200 mV re-
quired to 18 GHz).

Maximum Safe Input: =25 ma.

Input Impedance (1106A): 50-ohm Amphenol APC-7
input connector. Reflection from input connector is
less than 109%,, using a 40 ps TDR system.

Signal Appearing at Input Connector: Less than 250
mVstep whose top is flat within 29, for 1 ns.

Output:
Center Frequency: Approximately 150 MHz.
Amplitude: Typically 100 mV.
Weight:
1104A: Net, 2 Ibs (0,9 kg). Shipping, 4 Ibs (1,8 kg).
1106A: Net, 1 ib (0,5 kg). Shipping, 3 Ibs (1,4 kg).
Price: 1104A, $200. 1106A, $550.

SWEPT FREQUENCY INDICATOR
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Model 2138
Pulse Generator
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Combines fast rise time (100 psec) with low jitter and
100 kc repetition rate. The pulse has minimum over-
shoot and is flat for 100 nsec after the fast rise. It
contains useful harmonics from 10 MHz to 3.5 GHz.
Price, $215.

Model 1103A
Trigger Countdown

“®

Permits stable triggering, 500 MHz to 10 GHz, by
dividing down input trigger frequency to about 30 MHz.
15 mV rms input produces less than 30 psec jitter at 5
GHz. Sensitivity decreases above 5 GHz to about 250
mv at 10 GHz. Price, $265.

SO0-OHM LOADS

The hp 908A and 909A are 50-ohm terminating co-
axial loads with frequency ranges of dc-4 GHz and dc-18
GHz respectively. The 908A has a Type N male connec-
tor and the 909A has an APC-7 with Type N option.
Price: 908A, $35; 909A, $75.

COAXIAL ATTENUATORS

8492A Fixed Coaxial Attenuator®
Nominal attenuation: Options 03, 3 dB; 06, 6 dB; 10,
10 dB; 20, 20 dB. APC-7 connectors. Range dc to
18 GHz.
Price: $125.

8491A Fixed Coaxial Attenuator*

Nominal attenuation: Options 03, 3 dB; 06, 6 dB; 10,
10 dB; 20, 20 dB. Type N connectors, 1 male, 1
female. Range dc to 12.4 GHz.

Price: $50.

Model 10200B Sync Probe

The 10200B, for use with Model 1424A and 1425A
Sampling Time Bases, increases trigger input impedance
to more than 750 ohms, ac coupled. It reduces sensi-
tivity by about 4:1 at 10 MHz and higher, and by about
20:1 at low frequencies. Price, $50.

SO0-OHM ADAPTER

The Model 10224A type N to APC-7 Adapter has a
frequency range of 18 GHz. This adapter uses hp's new
stainless steel precision type N female connector. Price,
$75.

AIR LINE EXTENSIONS

Price: 11566A 10 cm / 11567A 20 cm air line extensions,
$100.
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1416A

- Speeds and simplifies swept-frequency
measurements

- High resolution readout directly in dB

- Low drift

- X-Y recorder outputs

Description

The Model 1416A Swept Frequency Indicator trans-
forms the Model 140A/141A into an X-Y oscilloscope
which speeds and simplifies microwave swept-frequency
measurements. Insertion loss vs. frequency measure-
ments on attenuators, filters, ferrite isolators, and re-
turn loss measurements on all types of loads can be
made with ease and accuracy.

The Model 1416A incorporates a number of features
which provide convenience and accuracy not available
with the usually used conventional X-Y scope. Read-
outs directly in dB are provided by the Model 1416A’s
logarithmic amplifier. The Attenuation-dB control al-
lows a calibrated dB offset to be applied to an offscreen
trace, allowing it to be centered on screen and for high
resolution readings. A linear mode of operation is also
provided. A chopper stabilized input amplifier mini-
mizes drift, and a front-panel adjustable bandwidth
switch allows the operator to select a bandwidth just
wide enough to present the signal with a minimum

amount of noise. An internal dB calibrator, accurate
to 39%, allows a quick check of amplifier accuracy.
Also provided on the front panel are outputs for driving
an X-Y recorder. Thus, you can now achieve speed,
convenience, and accuracy with all types of swept-
frequency measurements by using the Model 140A-
141A/1416A combination and appropriate auxiliary
equipment. Sweep oscillators and associated instru-
ments are available for testing both coaxial and wave-
guide microwave components from 1 to 40 GHz. Such
items as adapters, impedance transformers, tuners,
loads, filters, detectors, couplers, and attenuators can
be measured or adjusted. Swept-frequency techniques
are also useful for over-all system analysis.

Swept-frequency techniques are not only helpful
design aids, but can be used as maintenance tools as
well. They provide fast routine maintenance checks on
laboratory instruments. Hours, and sometimes days, of
tedious precise measurements can often be completed
within minutes.

Mode of operation: linear or logarithmic.
Bandwidth:

Linear: variable from approximately 1 kHz to 30 kHz
in four steps.

Logarithmic: varies with input level.

Deflection factor (sensitivity):

Linear: 50uV/cm to 10 mV/cm, 8 ranges ina 1, 2, 5
sequence; accuracy *=39%.

Logarithmic: 0.5 dB/cm to 10 dB/cm (referred to rf
input into crystal detector) in 5 ranges; accuracy
(after 30-min. warmup), =0.02 dB/dB (0 to —25
dB) and *=0.03 dB/dB (—25 to —30 dB).

Noise: typical observed values on CRT:

Noise at Noise at
Mode low bandwidth high bandwidth
Linear 40 uV pk-pk 200 ¢V pk-pk
Logarithmic:
input signal level
0dB 0.05 dB 0.1 dB
—10dB 0.05 dB 0.2dB
—20db 0.3 dB 0.4 dB
-25 dB 1 dB 1dB
—30 dB 4 dB 4 dB

Maximum measured noise at RECORDER OUTPUT:
(measured with a True RMS Voltmeter, and recorder
output deflection factor set to 200 mV/cm).

Specifications

Linear: less than 120 mV; Model 1416A deflection fac-
tor set to 0.05 mV/cm and input shortened.

Logarithmic: less than 50 mV/cm; Model 1416A de-
flection factor set to 5 dB/cm and input signal of
—50 #V (—30 dB).

Internal calibrator: four positions: 0, 10, 20, and 30 dB
below approximately 50 mV; accuracy *=0.01 dB/dB.
Sweep and blanking: supplied by Model 690-Series Sweep

Oscillator.

Recorder outputs:

Vertical: gain adjustable from O to approximately 200
mV/cm; dc level adjustable over approximately
+1.5 volts.

Horizontal: gain adjustable from O to approximately 100
mV/cm; dc level adjustable over approximately *+1
volt.

Inputs:

Vertical: input impedance, 75 k ohms; dynamic range:
logarithmic, —50 u#V to —100 mV; linear 0 to —100
mV; BNC connector receives output from Models
423A or 424A Crystal Detectors, or Models 786D or
787D Directional Detectors (all Option 02).

Horizontal: ramp required: amplitude between 7.5 and
20 volts; some part of ramp must be at O volts.

Blanking: 0 to —5 V gate (supplied by Model 690-Series
Sweep Oscillator; early models require slight modi-
fication).

Power: supplied by oscilloscope.
Weight: net 7 Ibs (3,2 kg); shipping 14 Ibs (6,3 kg).
Price: HP Model 1416A, $675.
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TIME DOMAIN REFLECTOMETER

TDR ACCESSORIES

1415A

- Complete system for testing cables,
connectors, striplines

- Determines location, magnitude, and
nature of each discontinuity

- Locates discontinuities within an inch

- Easy to operate

Descriplio _

The 1415A Time Domain Reflectometer/140A or
141A Oscilloscope represents a completely integrated
broadband system for testing cables, transmission
lines, strip lines, connectors and many other types of
devices used in your high frequency systems.

You can, for example, quickly determine the mag-
nitude and nature of each resistive or reactive discon-
tinuity in coaxial components such as attenuators,
cables, connectors and delay lines used in microwave
and pulse circuit design. Or you can locate and
identify cable faults such as shorts, opens, loose con-
nectors, defective tap offs, splices and mismatches
if you are using cables for signal transmission. What-
ever your application the 1415A can save you time
and money by minimizing guesswork and indecision.

The 1415A is a completely self-contained system
consisting of a fast rise pulse generator, single chan-
nel sampler, and time base. No additional vertical or
horizontal ampilifiers are required, eliminating intro-
duction of additional chances of error. The compact
control panel contains only those controls necessary
for TDR measurements—making the 1415A much
simpler to operate than comparable systems costing
twice as much.

Magnified display of a BNC connector joining two 50-ohm
cables. The horizontal axis is set at 2 cm/cm. Multiplying the
3.5 cm deflection by the reflection coefficient sensitivity of
0.01/cm, one can determine the connector has a p of 0.035.

- o R
TDR display of a section of unknown cable spliced into a length
of 50-ohm cable. Noting the distance setting of 40 c¢cm/cm,
and reflection coefficient sensitivity of 0.2/cm, one can de-
termine the unknown cable is 120 ¢cm long and has a Z, of
44 ohms.

RISE TIME CONVERTERS Model 10452A through 10456A Rise Time Convert-
ers slow down the step from the 1415A in order to
eliminate reflections caused by frequencies beyond the
bandwidth of interest.

Specifications

Rise Times: (10-909, points as measured in 150 ps
rise time system.)
10452A : 0.5 nsec. 10453A: 1 nsec. 10454A: 2 nsec.
10455A : 5 nsec. 10456A: 10 nsec.

Rise Time Accuracy: Better than *=59.

Overshoot: Less than *=39%,.

Output Impedance (dc): 50 ohms (accuracy determined
by output impedance of generator).

Output Mismatch: Less than *£59; reflection to output
rise time.

Allowable Input Voltage: Up to 50 volts, open circuit
(from a 50-ohm source).

Connectors: GR Type 874.

Price: $75 each.

Adapters convert 1415A 50 ohm output to 75 ohm
systems.

Model 10457A: Converts 50 ohm GR to 75 ohm Type
N. Price $35.

Model 10458A: Converts 50 ohm GR to 75 ohm Type
F (CATV). Price $25.

System (in reflectometer configuration):
Rise Time: Less than 150 psec.
Overshoot: 59, or less overshoot and ringing (down
to 1459, in 2 nsec).
Internal Reflections: Less than 109, (does not limit
resolution).

Reflectometer Sensitivity: Reflection coefficients as
small as 0.001 can be observed.

Rep. Rate: 150 kc nominal.
Signal Channel:
Rise time: Approximately 110 psec.

Reflection Coefficient: 0.5/cm to 0.005/cm in 1, 2, 5
sequence.

Input: 50 ohms, feed-through type.

Noise and Internal Pickup, Peak: 0.19%, of step (ter-
minated in 50 ohms).

Dynamic Range: ==0.5 volt.

External Signal Level: Up to 1 V p-p may be safely
applied to the SIGNAL OUT connector.

Attenuator Accuracy: *=39%.
Step Generator:
Amplitude: approximately 0.25 V into 50 chms (0.5 V
into open circuit).
Rise Time: Approximately 50 psec.
Output Impedance: 50 ohms =1 ohm.
Droop: Less than 1%.

Specifications

Distance/Time Scale:

Distance Scale (cm Line/cm Display) Accuracy: 5%.

Polyethylene Line (¢ = 2.25): cm/cm to 2000 cm/cm.

Air Line (¢ =1): 300 cm/cm to 3000 cm/cm.

Time Scale: 20 to 200 nsec/cm, =59, accuracy.

Magnification: X1 to X200 in 1, 2, 5 sequence.

Accuracy of the basic sweep is maintained at all mag-
nifier settings with the exception of time represented

by the first 0.1 cm of the top of the step.

Delay Control: O to 10 cm of unmagnified sweep, cali-
brated.

Jitter: Less than 20 psec.

Power: Supplied by oscilloscope.

Weight: Net, 7 Ibs (3,2 kg). Shipping, 11 Ibs (5 kg).

Accessories Furnished: 2 GR elbows (HP Part No. 1250-
0239). 1 GR to Type N Adapter (1250-0240), and 1
Type N to BNC Adapter (1250-0067).

Price: 1415A, $1050.

Option 14: Long-line TDR for cables up to 1500 meters
(0.62 mile). P7 phosphor recommended for Model
140A, no extra charge. Specifications same as for
1415A except as follows:

System Rise Time: Less than 200 psec.

Rep Rate: 30 kHz, nominal.

Noise and Internal Pickup: < 0.259%, of step.
Droop: < 2%.

Time Scale: 20 nsec/cm to 1 usec/cm.

Air Line: 300 cm/cm to 150 m/cm.
Polyethylene: 200 cm/cm to 100 m/cm.

B74A/B Suscepitance The 874A is a TDR comparison standard for simple,
rapid, direct-reading evaluation of reactive disconti-

Standard nuities.

Specifications

Characteristic Impedance: 50 ohms *=0.1 ohm.

Capacitance Range: 0 to 1 pF.

Inductance Range: O to 2 nH.

Accuracy: Capacitance: ==0.005 pF or =59, whichever is
greater, from 0 to 0.5 pF. Inductance: =0.013 nH or
+9,, whichever is greater, from O to 1.3 nH.

Line Length: 17.4 cm.

Connectors: 874A, GR type 874; 874B, APC7.

Price: 874A, $275; 874B, $325.

Power line interference can be reduced with the
K60-1415A Hum Filter when used with Time Domain
Reflectometers such as the HP Model 1415A. A front
panel switch allows you to select either 60 Hz or 400
Hz filtering.

Specifications

Hum Rejection:

In a 50 ohm Hum Source

50-120 Hz 40 db

400 Hz 35 db
Introduced Reflection: Less than 59,
Step Distortion (Droop): Less than 39.
Power:

115 - 230 volts AC

50 - 400 Hz

1 watt
Price, $175.00

Price: 1415A Option 14, $1150.
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CAMERA—-PROBES—TESTMOBILES

Voltage Divider Probes

Blank Plug-ins

= vams

The high impedance input of these probes re-
duces loading of oscilloscopes on the circuit under
test, and the probes provide attenuation for large
signals. The probes may be quickly and accu-
rately compensated for optimum step response.

Resist-
ance Div. Peak Approx. Approx.
Bandwidth (Meg- Capaci- Accu- [nput Over-all  Rise
Probe Atten. (0.5 dB) ohms) tance racy Volts Length Time Price

10001A or C* 10:1 dcto30mec 10 20 pf 2% 600 5" 5 nsec $30.00
10001B or D* 10:1 dcto30 mc 10 20 pf 2% 600 10’ 5 nsec 35.00
10002A or C* 50:1 dc to 30 mc 9 2.5pf 39% 1000 5" 5 nsec 40.00
10002B or D* 50:1 dc to 30 mc 9 5pf 3% 1000 10° 5 nsec 40.00
10003A or B” 10:1 dcto40mc 10 10 pf 2% 600 4’ 3 nsec 30.00

* These probes have black identification boots; the others have red boots.

2 = - X\\
E y L
; .t ’

Half-size, 10477A, price $25. Full size,
10478A, price $30.

Current Probe and Amplifier

Straight-Through Probe

The 10025A is a thin, flexi-
ble probe with push-button pin-
cer jaws to provide a straight-
through connection to hard-to-
get-at-test points. Price, $15.

1110A Probe and 1111A Amplifier permit di-
rect measurement of current from 50 Hz to 20
MHz. Sensitivity is 1 ma/cm to 5 a/em. 1110A
(usable separately, 1700 Hz to 40 MHz), $100.
1111A, $160.

Adapters

Probe Tips

—T 10035A Probe Tip Kit, $5

Provides maximum versatil-

—— & 'ty when used with the voltage

divider probe. The kit contains
a pincer jaw, banana tip, pin
- w=@ tip, hook tip, and spring tip.

AP
| I
T

10110A BNC to 10111A Shielded Banana
Banana Post Adapter, $5 Plug to BNC Adapter, $7

Viewing Hoods

Testmobiles

30

The 1117B and 1119A Testmobiles provide
convenient portable use of oscilloscopes and other
equipment. The 1117B accepts rack mount units,
making it a mobile test station. 1117B, $185;
1119A, $110.

1119A Testmobile 1117B Testmobile

-/’

10175A, $15 10175B, $15

Polarized Hood in- Hood with removable
creases contrast and re- vinyl face mask ideal
duces glare for viewing for viewing fast tran-
dim traces under all sients (non-polarized).
ambient light condi-
tions.

Camera

Model 197A Camera pro-
vides an accurate, conven-
ient way of recording scope
traces. The 197A has a black
light for illuminating internal
graticules, providing easy-to-
read, three-shade photo-
graphs. 197A, $540; 197A,
Option 01 (without black
light) $490 .

ALABAMA
P.0. Box 4207
2003 Byrd Spring Road S.W.
Huntsville 35802
Tel: (205) 881-4591
TWX: 510-579-2204

ARIZONA
3009 North Scottsdale Road
Scottsdale 85251
Tel: (602) 945-7601
TWX: 910-950-1282
232 South Tucson Boulevard
Tucsen 85716
Tel: (602) 623-2564
TWX: 910-952-1162

CALIFORNIA
3939 Lankershim Boulevard
North Hollywood 91604
Tel: (213) 877-1282
TWX: 910-499-2170

1101 Embarcadero Road
Palo Alto 94303

Tel: (415) 327-6500
TWX: 910-373-1280

2591 Carlsbad Avenue
Sacramento 95821
Tel: (916) 482-1463
TWX: 910-367-2092
1055 Shafter Street
San Diego 92106
Tel: (714) 223-8103
TWX: 910-335-2000

COLORADO
7965 East Prentice
Englewood 80110
Tel: (303) 771-3455
TWX: 910-935-0705

CONNECTICUT
508 Tolland Street
East Hartford 06108
Tel: (203) 289-9394
TWX: 710-425-3416

111 East Avenue
Norwalk 06851

Tel: (203) 853-1251
TWX: 710-468-3750

DELAWARE
3941 Kennett Pike
Wilmington 19807
Tel: (302) 655-6161
TWX: 510-666-2214

FLORIDA
Suite 106
9999 N.E. 2nd Avenue
Miami Shores 33138
Tel: (305) 758-3626
TWX: 810-848-7262

P.0, Box 20007

Herndon Station 32814
621 Commonwealth Avenue
Orlando

Tel: (305) 425-5541

TWX: 810-850-0113

P.0O. Box 8128-
Madeira Beach 33708
410 150th Avenue
St. Petersburg

Tel: (813) 391-0211
TWX: 810-863-0366

GEORGIA
2340 Interstate Parkway
Atlanta 30327
Tel: (404) 436-6181
TWX: 810-751-3283

ILLINOIS
5500 Howard Street
Skokie 60076
Tel: (312) 677-0400
TWX: 910-223-3613

INDIANA |
4002 Meadows Drive
Indianapolis 46205
Tel: (317) 546-4891
TWX: 810-341-3263

UNITED STATES

HP FIELD OFFICES

LOUISIANA
P.0. Box 856
1942 Williams Boulevard
Kenner 70062
Tel: (504) 721-6201
TWX: 810-955-5524

MARYLAND
6707 Whitestone Road
Baltimore 21207
Tel: (301) 944-5400
TWX: 710-862-0850

P.0. Box 727

Twinbrook Station 20851
12303 Twinbrook Parkway
Rockville

Tel: (301) 427-7560

TWX: 710-828-9684

MASSACHUSETTS
Middlesex Turnpike
Burlington 01803
Tel: (617) 272-9000
TWX: 710-332-0382

MICHIGAN
24315 Northwestern Highway
Southfield 48076
Tel: (313) 353-9100
TWX: 810-232-1532

MINNESOTA
2459 University Avenue
St. Paul 55114
Tel: (612) 646-7881
TWX: 910-563-3734

MISSOURI
9208 Wyoming Place
Kansas City 64114
Tel: (816) 333-2445
TWX: 910-771-2087

2812 South Brentwood Boulevard
St. Louis 63144

Tel: (314) 644-0220

TWX: 910-1670

NEW JERSEY
Crystal Brook Professional Bldg
Route 35
Eatontown
Tel: (201) 747-1060
391 Grand Avenue
Englewood 07631
Tel: (201) 567-3933
TWX: 710-991-9707

NEW MEXICO
P.0. Box 8366
Station C 87108
6501 Lomas Boulevard N.E
Albuquerque
Tel: (505) 255-5586
TWX: 910-989-1665

156 Wyatt Drive
Las Cruces 88001
Tel: (505) 526-2486
TWX: 910-983-0550

NEW YORK

1219 Campville Road
Endicott 13760

Tel: (607) 754-0050
TWX: 510-252-0890

236 East 75th Street
New York 10021

Tel: (212) 879-2023

TWX: 710-581-4376

82 Washington Street
Poughkeepsie 12601
Tel: (914) 454-7330
TWX: 510-248-0012

39 Saginaw Drive
Rochester 14623

Tel: (716) 473-9500
TWX: 510-253-5981
1025 Northern Boulevard
Roslyn, Long Island 11576
Tel: (516) 869-8400
TWX: 510-223-0811

5858 East Molloy Road
Syracuse 13211

Tel: (315) 454-2486
TWX: 710-541-0482

NORTH CAROLINA

P.0. Box 5187

1923 North Main Street
High Point 27262

Tel: (919) 882-6873
TWX: 510-926-1516

OHIO

5579 Pearl Road
Cleveland 44129
Tel: (216) 884-9209
TWX: 810-421-8500

1250 West Dorothy Lane
Dayton 45409

Tel: (513) 298-0351
TWX: 810-459-1925

OREGON

2737 S.W. Corbett Avenue
Portland 97201
Tel: (503) 228-5107

PENNSYLVANIA

Park Place Office Building
Camp Hill

Tel: (717) 737-6791
Monroe Complex

Moss Side Boulevard
Monroeville 15146

Tel: (412) 271-0724
TWX: 710-797-3650

144 Elizabeth Street
West Conshohocken 19428

Tel: (215) 248-1600, 828-6200

TWX: 510-660-8715

TEXAS

UTA

P.0. Box 7166
3605 Inwood Road
Dallas 75209

Tel: (214) 357-1881
TWX: 910-861-4081

P.0, Box 22813

4242 Richmond Avenue
Houston 77027

Tel: (713) 667-2407
TWX: 910-881-2645

GOVERNMENT CONTRACT OFFICE

225 Billy Mitchell Road
San Antonio 78226
Tel: (512) 434-4171
TWX: 910-871-1170

H

2890 South Main Street
Salt Lake City 84115
Tel: (801) 486-8166
TWX: 910-925-5681

VIRGINIA

P.0, Box 6514
2111 Spencer Road
Richmond 23230
Tel: (703) 282-5451
TWX: 710-956-0157

WASHINGTON

FOR AREAS NOT LISTED, CONTACT:

11656 N.E. Eighth Street
Bellevue 98004

Tel: (206) 454-3971
TWX: 910-443-2303

Hewlett-Packard

1501 Page Mill Road

Palo Alto, California 94304
Tel: (415) 326-7000

TWX: 910-373-1267

Telex: 34-8461
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BETTER PERFORMANCE
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THE SCOPE THAT GIVES

hp 140A/141A PLUG-IN OSCILLOSCOPE

hp 140A /141A PLUG-IN OSCILLOSCOPE
*20 MHz wideband 150 ps TDR « 50 uV/cm sensitivity with no dc drift
112.4 GHz sampling = Swept frequency * Variable persistence and storage

HEWLETT .hp, PACKARD

An extra m

HEWLETT jhp, PACKARD

noextra m
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An extra measure of performance
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