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Group Delay 
Dan Bmun 
Hewktt-Paekard, Mtn. View 
As a microwave technician involved 
in the repair and calibration of 
Hewlett-Packard's microwave test 
equipment, there have been many 
occasions when customers touring 
W s  repair center have asked me, 

ures IF flatnew power, and group 
delay." We are talking about an H P  
3710A or 3790A Microwave Link 
Analyzer System. 

But this article is not about the 
MLA, it's about one finction of the 
MLA and that's measure group 
delay. And what is group delay? It is 
synonymous with envelope delay, 
phase delay, or differential phase. 
Basically, they all mean the same 
thing. Same may argue that there 

noes, but they are mini- 
neering texts refer to 

lot of mathemat- 
IEEE Dictionary 
tw "the deriva- 

tive of radian phase with respect to 
radian frequency, dcpldw. It is equal 
to the phase delay for an ideal non- 
dispersive delay device, but may dif- 
fer greatly in actual devices where 
there is ripple in the phase vs. fre- 
quency characteristic." 

The Telecommunication Transmis- 
sion Handbook by Roger L. Freeman 
defines group delay as envelope 
delay distortion and goes on to say 
that it's the derivative of radian 
phase ChaTaCteristics with respect to 
radian frequency characteristics. 
And, since group delay is defined as 
the incremental change in phase 
caused by an incremental change in 
angular frequency, where the in- 
crement approaches zero in  both 
cases, group delay is expressed as 

* 
d4  GD = - df 
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where d indicates the derivative of; 
4 is the angular phase (radians), 
and f is the angular frequency 
(radians/sec.). 
d+ and df can be further defined as 
drb limit 

which means that A+ (change in 
phase) and A4 (change in frequency) 

zero) for it to be group delay. 

Actually, group delay is a theoreti- 
cal concept and in practice cannot be 
measured at all. What is actually 
measured, referring back to  the 
IEEE definition, is differential (ra- 
dian) phase and differential (radian) 
frequency which, if measured cor- 
rectly, can be assumed to approxi- 
mate group delay. It is the varia- 
tions in delay at different frequen- 
cies that causes the problems and is 
referred to as group delay distortion. 

What is Delay Distortion? 
Electromagnetic waves travel 
186,000 miles per second in free 
space. Electrical signals, however, 
do not travel this fast through com- 
munications channels. In fact, sig- 
nals may travel over certain types of 
circuits as slowly as 15,000 miles per 
second, and will rarely travel faster 
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than about 100 

A telephone line behavet3 like a 
pass filter, particularly if in 
loading is used to reduce attenua- 
tion. Multiplex systems uBe very 
sharp filters to separate one channel 
from another, and the tuned circuib 
in a &io receiver serve the same 

lters and filter- 
uce delay. 

The dowing down of a signal in its 
passage through a communications 
channel is of little importance. 
Delay becomes a problem only when 
it interferes with the 
receiver to understand 
In the case of speech, 
tion causes little inte 
the ear is relatively i 
phase variations. Facsimile, tele- 
graph, and data signals, however, 
are quite vulnerable to delay 
distortion. 
Usually, only relative delay - the 
maximum range or difference in  
delay values in a channel - is of im- 
portance, since only the delay differ- 
ence causes distortion in the received 
signal. Absolute delay - the total 
delay experienced by signal ele- 
ments - is usually not important 
except where signals, or parh of a 
signal, are transmitted from one 
point to another over different 
routes and must arrive at the same 
time. 



For example, if two tones, such as 
1200 and 2200 cycles per second, are 
used to transmit binary data (shift- 
ing from one frequency to the other), 
it is important that these two tones 
experience approximately the same 
transmission delay in going from 
one end of the circuit to the other. If 
the data is being transmitted at 
1000 bits per second, each bit will be 
one millisecond long. If these trans- 
missions consist of alternate 1's and 
O's, the signal will be alternately 
shifting between 1200 and 2200 cps. 
The transmission propagation time 
for those two tones between the two 
ends of a given circuit can vary con- 
siderably. For example, 60 miles of 
loaded telephone cable may intro- 
duce a delay to the 2200 cycle tone of 
6.1 milliseconds as compared to 5.1 
milliseconds for the 1200 cycle tone, 
a difference of 1 millisecond. If the 
2200 cycle tone is transmitted first 
followed by the 1200 cycle tone (each 
transmitted for 1 millisecond), it can 
be seen that they will both be re- 
ceived at the same time, rather than 
one following the other. In 120 
miles, they would be received in the 
reverse order! 

Delay Distortion At Higher 
Frequencies 

In high speed data transmission, the 
problem of delay distortion becomes 
more serious and troublesome as the 
transmission rate increases. Data 
bits usually originate as 
rectangular-shaped pulses which are 
used to modulate a carrier at a par- 
ticular keying rate for transmission 
over a communications circuit. The 
pulses resulting from this modula- 
tion process are composed of many 
frequencies whose amplitudes and 
phases have a fixed relationship in 
time. The energy of the fundamental 
and harmonic frequencies are vecto- 
rially added together to form the en- 
velope of the composite signal. If the 
pulses are processed through circuit 
components such as band-pass filters 
or amplifiers, which because of reac- 
tive (imaginary) components within 
the circuitry do not offer equal 
transit time to all frequencies, the 
signal shape (envelope) is seriously 
distorted. As shown in Figure 2, if 
the third harmonic is delayed by 

one-half cycle relative to the funda- 
mental, the pulse shape is severely 
distorted. 

To demonstrate the effect shown in 
Figure 2, try the following experi- 
ment: 

-Connect two audio oscillators (e.g., 
HP Model 3325A's) to the A and B 
inputs of an oscilloscope. 

-Set A for x frequency at y 
amplitude (the exact frequency 
and amplitude are unimportant). 
Set oscillator B for 3 times the fre- 
quency and one-third the 
amplitude. 

-Set up the oscillators so that they 
are phase locked together with 
zero phase shift between them 
(Figure 2A). 

-Now shift the third harmonic os- 
cillator so that i t  is delayed by 
one-half cycle (180 degrees). 

-If the two composites shown in 
Figure 2B were fed into a speaker, 
you would note a drastic difference 
in sound even though the frequen- 
cies haven't changed. 

Phase Shift 

The phase and frequency of a signal 
are, by definition, inseparable. In 
fact, a good definition of frequency is 
the rate of change of phase with re- 
spect to time, or dgdt, where + is the 
phase shift (usually in radians; 7~ ra- 
dians equal 180", 2 n radians equal 
one cycle) and t is time in seconds. 
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Thus, it follows that the more the 
phase of a signal is shifted in passing 
through a channel, the more time is 
required for it to get through the 
channel. Where phase shift is 
known, the phase delay of a single 
frequency is 

delay (time) = phase shift (radians) 
frequency (radians 

per sec.) 

This is usually expressed as 
6 t =-  
w 

It is important to note that in practi- 
cal systems, phase delay, as 
expressed above, is applicable only to 
single, steady-state frequencies. 

In an ideal system, phase shift would 
be linear and all signals passing 
through such a system would be de- 
layed equal amounts, regardless of 
their frequency. Unfortunately, 
phase shift in  a communication 
channel is never linear. In a high 
quality system, the overall phase 
shift characteristic may look like 
that shown in Figure 3. 

Measuring Group and Envelope 
Delay 

Whenever a complex signal (such as 
a modulated or keyed carrier fre- 
quency) is transmitted, the relation- 
ship between frequency and phase 
shift described above no longer holds 
true unless the system is perfectly 
distortion-free. Since phase shift is 
always non-linear in actual systems, 
some of the component frequencies 
undergo more phase shift than other 
frequency components. 



w d d  be no d b  
placement of me frequency with re- 
spgat to the other and m indepen- 
dent delay of the rnrzdulation en- 
velope or envel- d*. 
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require a band of frequencies for 
succeseful transmission, both en- 
velope and group delay are the forms 
of delay of greatest general impor- 
tance. Hewlett-Packard measures 
relative delay (and ocher p m -  
ters) in microwave r d i o  
tions with the HP 3710 
Mimwme Link 
Audio data line 

to CCITT StandanES 
by the 3770AK3770B Figure 4. 371ON3790A MLA perform- 

ing a group delay measurement. 
The MLA uses a sweep frequency 
technique where the present fre- 
quency increment is measured and 
compared to the previous 
increment. 

Group Delay 
The method used in the HP 
Microwave Link Analyzer (MLA) 

erence. In the case of the M U ,  

in phase per frequency. 
And since the phase and fre- 
quency of a signal are, by defini- 

distortion. 

As shown in the accompanying 
figure, the swept signal is applied 

and the Phase 
to the PLL as the reference sig- 
nal. A41 internai voltage con- 

CRT. The key to the group delay 

Lock Loop 
detector is a special low pass 
filter designed to pass only fre- 
quencies lw&r than 10 Ht. If 

tion at all. 

DELAY 
SIGNAL I 

t 
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Figure 5 shows the basic principal 
used in  making envelope delay 
measurements with the 3770A/B 
Analyzers. The transmitter part of 
the instrument generates a carrier 
signal that is alternately modulated 
with a reference signal and then a 
test signal. The test signal frequency 
starts out at the lowest end of the 
fkequency range the instrument is 
capable of transmitting and steps up 
to the high end start, stop and refer- 
ence signals are switch-selectable. 
For example, 300 Hz to 3.4 kHz 
could be the test range, and lkHz 
the reference. Delay is measured by 
comparing the delay of the envelopes 
recovered at each of the various test 
frequencies to the delay of the refer- 
ence signal. 

Delay Compensation Networks 

Where amplitude response of a cir- 
cuit is unsatisfactory, a filter is used 
to introduce a controlled amount of 
loss at certain frequencies to obtain 
the desired performance. In a carrier 
system, the channel bandpass filters 
which isolate individual channels 
from each other are the principal 
sources of delay distortion. These fil- 
ters should have uniform amplitude 
response within a desired band of 
frequencies, but must exhibit a very 

rapid attenuation of all frequencies 
outside the desired band. Unfortu- 
nately, such rapid change in the at- 
tenuation characteristic of a filter is 
also accompanied by rapid changes 
in the phase shift. 

In the case of excessive relative 
delay, a network which would cor- 
rect the phase shift characteristics of 
the communications channel might 
very well neutralize the desired at- 
tenuation of the filters responsible 
for the delay. Special delay equaliz- 
ers called elliptical all-pass filters 
are required to overcome this prob- 
lem. Without getting into filter 
theory, it will suffice to  say that 
these filters are complex and their 
component values are usually calcu- 
lated by computer. In typical appli- 
cations, these filter networks 
generally contain several adjustable 
components so that the group delay 
response can be adjusted for flatness 

while being observed on the CRT of a 0 
group delay detector. 

Summary 

In conclusion, there are several im- 
portant points to remember. Group 
delay is a transit time phenomena. 
Group delay distortion causes audio 
distortion in communication links. 
This cannot be eliminated, but it can 
be compensated for by special filters. 
Relative group delay can be meas- 
ured by a unique application of a 
phase lock loop and displayed 
graphically on a CRT. Group delay 
distortion is not an absolute meas- 
urement, but a relative measure- 
ment. The actual transit time of a 
signal through a communication 
link is not important. It is the 
changes or fluctuations in the 
transit time from one frequency to 
another expressed as group delay 
distortion that is important. 

Dan Braun, who has been with Hewlett-Packard 5 years, is an instrument service 
technician at the HP Customer Service Center in Mt. View, California. As you can 
probably tell from the nature of the article, Dan's primary responsibilities are the repair 
and calibration of HP's microwave test equipment. 

Born and raised in the San Francisco Bay Area, Dan attended College of San Mate0 
where he obtained his AA degree. He furthered his electronic background in Class A 
school while serving 6 years in the Navy. Dan and his wifi, Frieda, live in San Jose, 
California. 
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A Quick Guide to Batteries 
(Editor‘s Note: The following article 
appeared in the Electronic Buyers’ 
News and is reproduced with per- 
mission of CMP Publications Inc.) 

Discharge rate is expressed in 
ampere-hours or milliampere-hours. 
This is the product of current meas- 
ured in amperes or milliamperes and 
the number of hours that the cell or 
battery can supply or discharge that 
amount of current. The abbrevia- 

and water. The negative electrode is 
the zinc case. The voltage per cell is 
1.5V. Cell sizes range from AAA to 
D and the lowest cost battery is the 
9-V rectangular case size for transis- 
torized products. 

Even though the electrochemical 
fabrication of the most commonly 
used batteries has been known for 
more than a century, new and im- 
proved batteries are providing users 
an even widening choice of operating 
characteristics for meeting different (Leclanche) dry cell used for 
requirements. general-purpose applicatione such as 

flashlights and portable radio@. 
Then the zinc-chloride versions of 

COnSeqUently, this article attempts the cgI.bon-zinc sy-m &e& si@- 
to define and explain many Of to- ficantly improved energy density, Allr&e Manganese DiolEide. The 
day’s batteries and their differing while the alkaline-manganese so-called alkaline cell is a further re- 
characteristics. dioxide system Provided a further finement of the basic carbon-zinc 

improvement, - . the latter being suited system, using the same mi t ive  and 

primary ~ ~ e d ~ ~  
until recently the choice of battery 
power was limited to the carbon-zinc 

The term battery applies to a range 
of products classed as primary and 
secondary. Because their active ma- 
terials are irreversibly consumed 
during periods of usage, primary 
batteries can’t be recharged. How- 
ever, recharging secondary batteries 
reconstitutes their active materials 
and permits them to be reused many 
times. 

Strictly speaking, a battery is an as- 
sembly of two or more cells. The 
cells, each made up of two dissimilar 
electrodes, are in contact with an 
electrolyte within a closed container. 
The voltage output of the cell is a 
function of the electrochemical prop- 
erties of the electrodes and the elec- 
trolyte. For systems in common use 
today, this ranges from 1.2 to 3.0 
volts. 

Every cell and battery has two im- 
portant characteristics: voltage and 
discharge rate. Voltage higher than 
the cell voltage are obtained by con- 
necting cells in series so that their 
voltages combine. For example, a 
12-volt battery would consist of six 
2-volt cells or eight 1.5-volt cells. In 
the early days of tube-type radio, 
there was a constant demand for 
45- and 90-volt batteries, each requir- 
ing a large number of cells. 

tions are Ahr and mAhr. 

for efflcient powering of transis- 
torized circuitry. Mercuric oxide and 
silver oxide met the need for com- 
pact button cells for hearing aids, 
calculators, cameras, and other spe- 
cial needs. 

Carbon-Zinc Flashlight Battery 

ONE PIECE COVER (+) 

ELECTRODE - Carbon Paperboard 

SUPPORT WASHER 
Tin Plated Steel Polyelhylane coaled 

JACKET - 
Polyethylane coated 
Kran h C.llulose 

MIX - Manganese 
Dioxide. etc 

PASTE -Flour. Starch 
Arnrnonlurn Chloride. 
Zinc Clorlde 

VENT WASHER - 
Paprboard 

ASPHALT SEAL Acetale CoaMd Label 
WAX RING SEAL 

CAN -Zinc 
CUP - Kran Paper 
STAR BOTTOM - 

Paperboard 
BOTTOM (-) Tin 

Plated SIW 

Carbon-Zinc (Leclanche). Still the 
most common and lowest cost pri- 
mary system for general purposes, 
from toys and flashlights to transis- 
torized radios and recorders, 
carbon-zinc batteries and cells 
account for at least half of the pri- 
mary battery sales. 

The cell consists of a positive carbon 
electrode and an electrolyte com- 
posed of manganese dioxide, am- 
monium chloride and zinc chloride 

WWW.HPARCHIVE.COM 

Carbon-Zinc (Zinc-Chloride). The 
zinc-chloride or heavy-duty version 
of the basic system provides about 
50% more life for the same case size 
as the Leclanche version. Construc- 
tion is similar except the ammonium 
chloride is omitted from the electro- 
lyte. Cell voltage is 1.5V. 

negative electrodes. Highly alkaline 
potassium hydroxide is US& in place 
of zinc-chloride. Reportedly, these 
cells and batteries offer a twofold 
improvement in energy density over 
the carbon-zinc system for about 
twice the price. This system is better 
adapted for use where reliability and 
length of service offset the increased 
cost. Case sizes are similar and cell 
voltage is the same. 

Mercuric Oxide Cells. The mer- 
curic oxide cell has a higher electri- 
cal capacity for its size than either 
carbon-zinc or alkaline cells, provid- 
ing 1.35 volts per cell. The cathode is 
mercuric oxide, the anode is zinc and 
the electrolyte is potassium hyd- 
roxide or sodium hydroxide. This 
system provides effective button-size 
cells for watches and hearing aids, 
but seems to be losing ground to the 
more effective silver-oxide systems. 

Silver-Oxide Cells. Silver oxide cells 
provide more than twice the energy 
of carbon zinc cells of an equivalent 
size and offer more energy per unit 
volume than mercuric oxide cells. 
Available in two types, high drain 
and low drain, the silver oxide 
cathodes are paired to ZiDC anodes; 
and the electrolytes ara3 potassium 



Silver-Oxide Watch Battery 

anode cap 

Anode material ( 2 ” )  L L- 

( --:,; Separator - 
Calhode material ( A g p O )  

Cell enclosure 

hydroxide or sodium hydroxide. 
These button-sized 1.55 cells are in 
wide demand for watches and hear- 
ing aids. 

Magnesium Cells are primarily 
used in military applications due to 
their ability to withstand extremes 
in temperature and humidity and to 
provide energy after years of stor- 
age. A magnesium alloy is used for 
the anode; magnesium bromide for 
the electrolyte. Magnesium cells 
provide 1.8 volts per cell. 

Zinc-Air Cells are high-energy pri- 
mary systems available commer- 
cially today for hearing aid and 

watch use. They use oxygen as the 
positive electrode, zinc as the nega- 
tive electrode and feature an electro- 
lyte of potassium hydroxide. Shelf 
life is excellent because they are 
only activated by removing the tape 
from a tiny hole, which admits air. 
The zinc air cell provides 1.5 volts 
per cell. 

Lithium Cells. The term lithium 
cell or battery applies to a number of 
different electrochemical systems 
capable of producing from 1 to 4 
volts per cell, Lithium is used as the 
negative electrode in all of them, but 
the voltage and operating charac- 
teristics are  determined by the 
choice of cathode and electrolyte. All 
of the systems employ highly reac- 
tive alkali metals prepared without 
the use of water, so they are classed 
as non-aqueous. 

At present, lithium systems in use or 
under investigation are also classed 
as either solid or liquid. In the solid 

Lithium Cell a 
Hermetic Seal 

Glass Seal , 
Terminal 

Collector 

Cathode 

Case 

Lithium 
Anode 

Separator 

systems, the cathode is a metal 
halide, sulfide or oxide, and the elec- 
trolytes are lithium salts in organic 
solvent. The liquid systems have 
soluble reactants with catalytic ma- 
terials (sulfur dioxide or thionyl 
chloride). The electrolytes in the liq- 
uid units can be organic or inor- 
ganic. 

The Type Used in HP Calculators 

Rechargeable Nicads 
Nickel-cadmium batteries are often 
blamed for ear& failure when in 
fact, you have been abusing the 
poor things &I &wig without matis- 
ing it. And true to Murphy’s law, 
your devica will go dead when you 
need it the most and do not have 
the charger with you; or you do 
have the charger, but there’s no AC 
power available. 

To demonstrate proper nicad use, 
let‘s look at the nicad cek USBd by 
Hewlett-Packard calculators. These 
cells, aqrding to their manufac- 
turer, should average approxi- 
rnately 500 chargeldischarge cy- 
cles. Sometimes your treatment of 
these batteries may shorten or ap- 
pear to shorten their useful life. Of 

course, subjecting nicads to exces- 
sive temperatures will guarantee to 
shotten their life. But the way you 
uw the calculatar and charge the 
bateties can also affect their 
performance. 

TM chargeldidarge cycle is 
as follows: 1) fully charge the 
ni- on the recharger; 2) remove 
the h - r  and Opeate the cab 
CIJlator on battety Until a low 
l@ml i n d m  OWAJrs; 3) M a m e  
fully on rechWW. This method re- 
sults in imximum battery perfor- 
mance. Actually most people do not 
use their calculators in this manner, 
but rather in the broad spectrum 
between two extremes. Those two 

extremes are excessively deep dis- 
charging and continual recharger 
use. 

Continual Reuharger Uae 
Continual recharger use does not 
harm the calculator or batteries. If 
the c&uktor is USBd in a combina- 

of recharger aurd battery power, 
i f  the battery is Cffmharged to a 

different level each chargel 
discharge cyde, no harm is done. 
If, however, a battery is subjected 
to a repetitive depth of discharge 
over a period of many months, a 
phenomenon known as memory 
may result. Memory is an apparent 
tempomy loss of capacity. To il- 
lustrate, suppose a calculator is 
kept on the recharger continually, 
except for a 5-minute period each 
day when it is used on battery 
power. Over a long period of thne, 
the nickel-cadmium batteries begin 
to “remember” the capacity they 
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Though lithium systems cost less - 
than silver oxide -materials, their 
manufacturing costs are higher. 
They can replace mercury and silver 
based systems where their voltages 
are about equal, but the higher 
lithium voltages may call for circuit 
or. product redesign. 

Lithium battery systems can present 
potential safety hazards because of 
their higher energy content, higher 
reactivity and the unusual nature of 
the materials involved. Most often, 
they are  seen as supplementing 
rather than replacing silver oxide 
systems. But lithium cells have the 
highest watt hours per cubic inch 
(Whr/in3) and their hermetically 
sealed cells afford a shelf life in ex- 
cess of five years. 

Secondary Batteries 

Lead-Acid Cell. Storage batteries 
made of multiple lead-acid cells are 
the most widely used rechargeable c batteries. 

The positive electrodes of lead-acid 
cells are made of lead peroxide and 
the negative electrodes are made of 
sponge lead paste. The groups of 
positive and negative plates are in- 
terleaved and spaced by separators. 
The complete assembly is places in 
an electrolyte of diluted sulfuric 
acid. A storage battery is made up of 
separate compartments or cells, each 
with its own filler and vent plug. 
The voltage of each cell is approxi- 
mately 2 volts. Actually, automobile 
batteries use cells of 2.1 volts so the 
combinations of 6 cells provides 12.6 
volts. 

An interesting sidelight can be 
shown when you compare high cost 
vs low cost automobile batteries 
within the same group (i.e. group 
being a standard size of battery such 
as 24F). In general, the low cost bat- 
tery will have fewer plates (less lead, 
hence lower cost), and have a lower 
ampere-hour rating than the high 
cost battery. Once quick way to ver- 
ify this is to weigh the two batteries. 

Obviously, the battery with more 
plates has more lead and therefore 
weighs more. It also lasts longer 
when you inadvertently leave your 
lights on. It also can provide more 
cranking power for cold morning 
starts. 

Of more interest to the electronics 
industry for the continous power of 
remote instrumentation sensors, TV 
sets, medical instruments and truly 
portable tools is the true sealed 
lead-acid battery. No acid or vapor is 
vented and all evolved oxygen gas is 
recombined with the plate mate- 
rials. These batteries and cells are 
presently limited to lower watt-hour 
ratings than the maintenance-free 
batteries. Although some of the 
cases are flashlight cell size, these 
sealed lead-acid cells are not inter- 
changeable with either carbon zinc 
and alkaline cells. 

There are a number of different 
proprietary methods for making sea- 
led lead-acid cells. Some makers are 

are expected to deliver each day, 
and they then will deliver no more 
than that amount. Memory is com- 
pletely reversible by a few complete 
charge/discharge cycles (from full 
charge down to low level 
indication). 

Deep Discharge 
The other extreme encountered is 
excessive deep discharging of 
batteries. This is potentially the 
most damaging to nicad cells. In 
most cases, the cause of failure 
when a battery is too deeply dis- 
charged is an internal short. Nor- 
mally a charged or partially- 
charged cell has enough internal 
energy to vaporize a short. How- c ever, when a cell has been too de- 
eply discharged, the cell does not 
have enough internal energy to 
clear or prevent a potential short. 
The result is that with a number of 

deep discharge cycles, the chances 
of shorting increase. There are two 
varieties of shorts possible - a 
low-impedance and a high- 
impedance short. A low-impedance 
shorted cell will not respond to any 
level of recharging current. A 
high-impedance shorted cell can 
recover under high charging cur- 
rents (2A to 4A). However, the shelf 
life of this cell is very short as it 
actually discharges itself through its 
own internal short. Consequently, 
both low-impedance and high- 
impedance shorted cells are consi- 
dered permanent failures. Another 
type of failure associated with deep 
discharge is called cell reversal. In 
a multi-cell battery, deep discharge 
will cause one cell to become 
exhausted first, since cells cannot 
be precisely matched in capacity. 
The cell with remaining capacity 
drives the exhausted cell into a re- 
verse state of charge which is cell 

reversal. This is a permanent fail- 
ure, and the battery pack must be 
replaced. 

The problem of discharging your 
battery too deeply does not always 
disappear even when you have 
been made aware of the situation. 
A malfunctioning low-level detect 
system could be the guilty culprit. 

We won't discuss catastrophic cell 
failure in the form of venting since it 
is an easily recognizable problem 
requiring battery replacement. Ex- 
cessive temperature, excessive 
overcharge, cell reversal, and mis- 
use or abuse of nicads are all 
causes of venting. 

So remember, to get an average of 
500 charge/discharge cycles out of 
your HP calculator Nicads, give it a 
full charge, use it until all the deci- 
mal points light up, then give it 
another full charge. 
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using very thin, spirally wound posi- 
tive apd negative plates, with the 
liquid electrolyte contained in a 
separator. Other makers are using a 
gelled sulfuric acid electrolyte. All of 
these cells, however, have safety 
vents, usually resealable mem- 
branes, to prevent the cell from 
exploding in the event of accidental 
overcharge. 

Nickel-Cadmium Cell. The nickel- 
cadmium cell can be recharged 
many times and has almost constant 
voltage during discharge. These 
cells operate well at low tempera- 
tures and can be hermetically sea- 
led. 

Th last issue 

Lead-Acid Automobile Battery 

Vent Plug 

Connector \ \ ,-/ post 
Inter-wII 

Negative 
Strap 

Partition 

Separator 

Negative 
Plate 

In the charged condition, the posi- 
tive electrode is nickel hydroxide 
and the negative electrode is metal- 
lic cadmium. The electrolyte is a 

solution of potassium hydroxide. The 0 
average operating voltage is about 
1.2 volts. 

Nickel-cadmium power sources are 
divided into the low watt-hour units 
suitable for calculators, walkie- 
talkie portable radios and portable 
tools, not to mention vented versions 
with higher ratings which are 
widely used in aircraft ignition sys- 
tems. Sealed nickel-cadmium cells 
are made in button sizes through the 
range of flashlight “D” cells. 
Rechargers are supplied with the 
consumer product as part of a line- 
cord transformer-rectifier assembly. 

Recommended Spare Parts Kit 
For HP Products 

SPARES 

Spare Parts - Anticipated Requirements 
Evaluation System 

f Bench Briefs 
showed you a simple system for or- 
dering parts directly from HP (MOP 
for Mail Order Parts) so you could 
avoid the $20 minimum charge. 
Now, here is a way to put it to use - 
replenishing spare parts kits. 

SPARES is the name of a computer 
program used by HP to generate rec- 
ommended spare parts lists for most 
HP products. After purchasing the 
recommended spare parts kit, if your 
instrument should ever need repair, 
there is a 90% probability of having 
the part available. Probability is 
even higher if spares are replenished 
as they are used. 

Multiple Lists 

Recommendations can be made for a 
single product (1 each 5245L), a 
quantity of identical products (96 
each 5245L), or a combination list 
for various quantities of different 
products (6 each 412A, 27 each 
1707A, and 9 each 5245L). Recom- 
mendations can be made for a spare 
parts inventory of one year up to 
nine years. 

Long-Term Packaging 

Long-term and military-standard 
packaging is optional. The process 
used for long-term packaging 
increases the kit’s shelf life because 
each part is individually packaged 
and marked. This provides easy 
identification and protection against 
destructive effects of weather and 
atmospheric conditions while in 
storage. 

For more information about 
SPARES, contact your local HP 
Sales and Service office. Reference 
the HP Corporate Parts Center 
Policies and Procedures Manual, 
Section 3080. 
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Replacement Part Cross Reference 
When selecting replacement parts 
for your HP products, you may 
notice that many manuals list only 
an HP part number for the part, 
even though it appears that this part 
is manufactured by one of the large 
semiconductor manufacturers. Serv- 
ice personnel often ask why only HP 
part numbers are listed. 

It is recommended that H p  replace- 
ment parts be used to ensure that 
the original performance of the pro- 
duct will be obtained. While some 
parts used in HP instruments are 
identical to that which can be pur- 
chased at a local electronics dis- 
tributor, many times parts will be 
selected for certain characteristics, 
such as gain, bandwidth, capaci- 

tance, etc. There may also be slight 
mechanical differences, such as the 
shaping or length of leads. In some 
cases special quality checks are 
employed to ensure that high relia- 
bility parts are used at the factory 
and at HP field offices. 
Therefore, we suggest obtaining re- 
placement parts from HP to main- 
tain the quality that you have paid 
for in your instrument. There may 
be situations however where HP re- 
placement parts are not in stock and 
substituting parts will allow you to 
return the product to service im- 
mediately. In these cases it may be 
worthwhile to see if a substitute part 
will work in the circuit. Perhaps an 
HP part could be ordered and in- 
stalled at some later date. 

To help you in these situations, 
here’s a cross-reference of HP inte- 
grated circuit part numbers to man- 
ufacturers -generic type” part num- 
bers (whom in most cases is the 
originator of the part). Even though 
the cross-reference only lists one 
manufacturer, there may actually be 
several approved sources for an HP 
part. While every attempt was made 
to ensure the accuracy of the list, it 
is advisable to compare the descrip- 
tion of the device being replaced 
with the description of the substi- 
tuted part. For example, if the serv- 
ice manual describes the device 
being replaced as a “dual J-K flip- 
flop”, check this against the descrip- 
tion of the replacement part. 
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concord, NH 
HrcksvHle, NY 
Mountain View, CA 
Wind\ester, MA 
C o d ,  CA 
Santa Clara, CA 
Sunnyvale, CA 
Cupertino, CA 
Nonrvood, MA 

A M ,  NY 

077h3 
n3795 
0 3 7 9 5  
n74oc, 
fl’(4flh 
03bOh 
0 3 1 9 5  
n 3 7 9 5  
n q m s  
03795 
03795 
O?5W 

Numkr 

03334 
03406 
09545 
0361j8 
03877 
03714 
03755 
03758 
03780 
03794 
03795 
03799 
0381 1 
04078 
04092 
04183 
04200 
05436 
08338 
06545 
06563 
08852 
07653 
0781 0 
0791 5 

Amperex El&. Corp. Semicon. 81 MC Div 
Natkrnal Semiconductor Corp. 
Teledyne philbridc Nexus 
optknax Inc. 
Americen Micro Systems Inc. 
lntereil Inc. 
Hybrid Systems Cup. 
Electronic hays, Inc. 
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n3714 
92337 
ni*ea 
n34n6 
nm37 

n3237 
n w a  
n w i i  
03mii 
n7957 
n m l 7  
~ L O J T  
01 176 
0381 1 
~ZO'JT 
OPI37 
07137 
~ 3 3 7  
07'310 
03406 
(12037 
02037 
o i m  
03406 
02910 
01690 
D7037 
OaB3T 
02037 
03794 
026.34 
02337 
02237 
03486 
BE037 
0301 1 
01690 
n 
0 
0 
0 
O W U l  
04OTO 
03111 
~ 3 7 9 4  

O Z * ~ T  

113406 

q340h 

03011 
03811 
02037 
01698 
02~10 
02237 
02237 
0 1698 
01698 
0 1690 

03714 

0 1698 

0 1 608 
01021 
03406 
03401 
03406 
83406 
n3+06 
03406 
03406 
03406 

0 3 7 ~ 4  

n m i  
o 1690 

n '~406  

a 
! 



4 

r 

e .- INTEGRATED CIRCUIT CROSS REFERENCE 

ufr. 

02037 
02031 
01021 
01921 
02031 
07037 
01.92l 
niqt i  
01921 
O P O J T  
01921 
01921 
01q21 
02031 
01921 
03406 
0 1690 
03406 

02031 
01921 

01698 
01690 

03400 

O16W 

616.98 
01698 

03406 

47231 

o ~ n t i  
nz~io 
o I 691 

ntma 
~ 1 6 9 0  

Q C ~ T  
o I 691 

016~1) 

42737 

02031 

03406 

03194 
03911 

08137 
O#LO 
om10 
01698 
03011 
0 31W 
0301 1 
02237 
OW34 
02634 

0 2 0 3 ~  
DpT% 
on10  
04018 
O W 1  1 

02037 

om11 
om1 1 
-031 
OS037 

53 
a3 
53 
$3 

01M8 
oroa1 
Sm31 

03406 

o i m  
OPIST 

OS031 
02031 
OM06 
01696 
02031 
O2634 
02237 
82031 
02031 

02 
02 
02 
02 

03406 

07 i31  

n I e911 
02910 

02037 

0 1698 

07737 
w 9 i o  
03031 
o m 1  
02131 
03215 
c)l921 
03406 
01921 
4354s 
03406 
n32M 
OLIW 

ASH) 
01921 

03?05 
06363 
0 1690 
03406 
02231 
0 1690 
07910 
03406 
02037 
03406 
078P3 

03406 
03199 
03406 
OZD31 
03406 
03406 
01737 

1126s~ 

~ 9 1 0  
nzied 

03406 

W O ~ T  

02237 
0291 0 

03114 
07?31 

07910 
02031 
07037 
n ? m o  
w n ? ?  
n3714 
07910 
01114 
07737 
07131 
om10 
02031 
01921 
02031 
03406 
02031 
02031 
e2031 
02l31 
OC@JT 
02031 
ozw 
0-v 
ni9m 
02003 
02031 
03416 
O?@ JT 
OS731 
02031 
OS406 
02737 
03406 
01921 
03406 
03406 
03406 

03Zi45 
07163 
03406 

02031 
03406 
03285 
02231 
07237 
01921 
01921 
n 2 0 ~  
n m o  

0 3 ~ 1 4  

nmea 

03406 

n3406 

07406 - 
03401 

02910 

n?iw 
~ 0 3 7  
02~31  

m 4 W  
~ 1 2 3 7  
n m o  
we18  
03406 
61Wb 
01406 
fl3406 
414flh 
01737 

03406 

nzwo 
nznv  

01190 
n1921 

03031 

0?910 
63406 
82031 
07231 
07910 
03406 
02737 
OZ180 
02100 
01921 
07831 
03404 
OH06 
03406 
n723T 
no350 
03406 
03114 
03114 

02910 
03406 
02031 

02037 
1)3tO% 

03e05 

07031 
OC031 
02910 
03793 
oznw 
42P31 

m n s  
02iio 

BMOI 

n z 0 3 ~  

 TOO 

n3406 

03205 

032OS 

03406 

09199 
0 1690 
03406 
02037 
02031 
02037 
03406 
02037 

03406 
nzo3~ 

O?O?T 
0 2 0 3 ~  
o z n ~ t  
03406 
niqc1 
02037 
02011 
ON05 
03406 
07231 
01690 
W031 
01921 
03406 
OPl?3T 
03406 
01921 
03203 
032B9 

0?037 

B Z O ~ T  
02031 
n3406 
03406 
03406 
0 h 330 
03406 
03406 
01921 
03406 
02031 
OO29O 
03285 
0?29O 
03406 

02031 

02731 
02037 
B3406 
02731 
03191 
OPC3T 

03406 

02031 



~~~~ 

0 0 INTEGRATED CIRCUIT CROSS REFERENCE 
0 - -  0 I *  

1 az 
1 r 2  
I r 2  
I a2 
in2 
1 a2 

1 a2 
i aa 
I aa 

1 rz 
I nz 

I n2 

1 RZ 

I 1 2  

1 * a  
I 1 2  
IU 
111 
irz 
I aa 
I r 8  
1 *a 
I ni 
I ai  
I 12 
I n2 
I ai 
I ai  
I ai 
in1 
I ni 

ia i  
1 ci 
I ai 
I ci 

I a i  
I ci 
1 * i  
1 ca 
I ni 

iai  
I a i  

I ni 

1 ri 

1 ai 

I R i  

I P i  

I Rl 

1 R i  

1 ri 

I *  
I li 

1 l i  
I a i  
I L i  

P 

. .  

I 

omno 

ozino 
o 1690 

OCIIO 
0 34 06 

02169 
02160 
03406 
05436 
02910 
01~21 
032R5 
ozino 
n I 691 
03406 

naqio 
03406 
02100 
n32a5 
03406 
n w 0 5  
0 1690 
02100 
02031 

03714 
03406 

03406 

01600 

m. 
I nI4bflPC 
1 c)6* 
iinr 
1 lCOS0C 
1 lcionc 
I IC9 
1321 
192? 
1AA2-60Bl MASKED 
ILA2-6001 MASKED 
lAA2-6DOI YASNED 
lAA7-6001 MASKED 
1AA2-6011 MASKED 
1AA1-6001 MASKED 
IAAl-bOnl MASKEU 
lAA2-6001 MASUED 

lAAE-hO01 MASKED 
1AA2-6001 MASKED 
lAA2-~001 MLSKED 
1112-6190 MASKED 
lAAZ-61JP MASUED 
1AA2-6200 MASKED 
IAA2-6201 MASKED 
lbCl-OA&M MASKED 
IbCI'qXXX MASUED 
1ACl-qXLX MASKED 
IbCI-qIXM MASKED 
lLCI-9hXX MASKED 
IACl-9XXX MISKED 
lACI-9XXX MASKED 
1bCl-QXXX MASKED 
IrCl-qXXX MA5KED 
IICI-PXIX NASKED 
lbCI'9IXU MASKED 
IACI-qXAX MASKED 

lICI-9XXX MASNEO 
IACl-9hXX MASKED 
1ACl-9XXX MASKED 
1ACl-'4AXx MASKED 
IACI-9xIX MASKEO 
lACl-9XXX MASKER 
IACI-9XhX MASKEO 
IbCl-qXXX UISKED 
IbCl-~XIX MASKEn 
IIC2-9XXX MASUED 
lAC2-9XAx MASKED 
IbCZ-OAXX UASKED 
IICP-qXXX UASUED 

IICP-"klX MASKtn 
lAC?-q*XX MASUED 
IACI-qXAX *ASUEO 

lam-6001 MASUED 

IICI-~XXX MASKED 

iacz-qahx YASUFD 

w o n  
?IOZLWPC 
tl~n2F PC 
;r~o-v1202 
E33AlsPECI 
?SI6 
2516 
2516N 
2526 
2526 
2-26N 

m33v 
Z C O m  

M O T F  *ASKED 
PLOTN MASK€D 
2LOTN RASNED 
ZCOTN MASKCD 
2COTN MASUED 
2616 *aSKFD 
PLI6N MASK0 
2C16N MASK0 
2CIW *AsI(n 
2616N MASID 
2616N NASKD 
2CI6N *A'%KO 

2 ~ 3 2 ~  

2 6 0 6 ~  

I&. 
022's~ 
03285 
03~n5 
00231 
02e31 
02231 
03545 
0545 
031n5 
03103 

031m 

03183 
03103 

03lr)3 
03143 
0.3183 
03183 

03183 
03103 
03163 
03183 

03103 
031R3 
031R3 
03183 
03183 
03183 
03183 
031.3 

03103 

03103 

0 3 1 ~  
031n5 
031m 

0 3 m  
03117 

031113 

03183 

031~1 

n?im 
n31n3 

075115 

03107 
03103 

031.13 
031R1 

03187 

031R1 
0314'4 

0.3163 
0311% 

031q1 

O?.ZTl 
02231 
02838 
0 3 2 0 ~  
0169n 
01690 
02910 
02910 
02910 
02910 
02910 
o m n  
oz~in 
02910 
02910 
OlPlO 
01910 
02910 
02980 

02910 
09910 
OZPtO 

IO 
10 
10 

oP*ia 

1 

e 





1 
14 

1 
. I  

.m. wclw 
n m ?  inza-0045 

02217 inro-o5iq 
nzz31 102tt-O4(M 
nzzai 1020-04n2 
02237 in~0-04on 

02237 inz0-01~~ 

02237 lOZO-b52O 
02237 IWO-04- 

02237 1020-0101 
02237 1020-0511) 

02231 1820-0517 
02237 1020-1605 
02237 1020-1111 
02237 1010-1hO4 
02231 1820-1139 
0223~ 1120-iw 
o w o o  102b-e247 
01076 1020-2149 
01691 1OPO-22'49 
01690 1020-1063 
032n5 I U ~ - O O T ~  
oieni ina6-0249 mwi ina6-0116 

0320'1 .iu2~-n~n9 
032~15 in26-11321 
OJZIS i02*-0595 

03215 18~4-0295 
own5 1026-0421 
0 3 2 ~  ins-oson 
03zn5 1*26-01*2 
0321~5 inewoin 
03205 I 026-0431) 
0320s 1OM-OIOO 

0321s 1e20-inu) 
03zm 1ns6-0~00 
0320s inan-inla 
O~CLT IOP*-OQ~O 
03201 IOZI-OOBL 
032n~. in26-0602 
03m5 1820-IJT~ 
03265 1026-ow 
03205 i026-02e.+ 
oitn~ ioz6-04~ 
o a n s  inc6-na~ 

OSZM 1020-110~ 
03z11'1 I O ~ ~ - O S O *  

0320'1 in~o-1995 
rr34nr 1n26-0~1~ 
03205 1013-0004 
05431 1nn-0090 
03406 IOZ~-OSOO 
03606 1020-19nn 
03401 ~nzo-1370 
03406 iozo-1371 

ns4os iozo-im 
03794 ioin-0209 
03~94 inxoei6n 

03194 i020-19~n 

032W 1826-0251 

03205 1~21-02b3 

03215 1026-06H 
03205 IO&-0356 

0320'1 1826-0405 

03406 1013-00S4 

03191 1820-1006 

03194 1020-1390 

03194 1020-1866 
03194 1010-1065 
03794 1020-1061 
03794 1010-2120 
03194 1n20-199~ 
03194 1010-2190 
03194 lU20-22h2 
03194 1U20-2270 
03794 1890-1901 
03794 11120-2103 
03794 1n20-iw.2 

03794 ioi~-0109 
n3794 1016-OM 

03194 1016-0100 

03794 1016-0613 
03194 1020-1519 
03194 1010-0211 
03194 1n16-0~92 
03794 inib-0913 
03401 1020-1351 
03194 lE26-0510 
03194 1026-0519 
03794 10I6-0330 
0'3194 1086-0426 
03794 1820-1132 

03194 1020-1133 
03794 iwo-1051 

03194 1020-1177 
n3194 in2u-in16 

03r94 1n20-1101 
03194 1n2u-2ooh 
03794 i~in-0343 
03794 1nid-0~3~ 

03794 10?0-?4)39 

0.3794 l1lR-0335 
03794 IAIH-03Ul 
03794 IWlW-el40 
03794 161&l-0199 
03191 loin-0913 
03194 inio-0309 
03794 ioiu-ow,o 
03194 inla-0197 
037Y4 i n i n - o w  
09794 iaio-nm4 

'91A-8-13 

bM21- *#WED 
AW2161Oc MASKED 
AmZl-DC MAMCD 
AU92lm M * M D  
AM92148DC MASKED 
AwPtl680C MASKED 
A(HSl6m MLSKED 
AW21hWC MASMCD 
4M9216BlIC MASUED 
W921*.0C MASKED 
AM921h0DC MASUED 
AWZlbaOe MASUED 
AN92168bC MhSUEO 
W9216M: MASKfn 
AM9ZlhBDC MASKED 
AMV2lrHOt MASKED 
W9216E@C MASKED 
AM92lh8W MASKED 
AM901hsOC MASKED 
AM9Pl- MASKED 
AW?l*@nC UASUfD 
AM92lh8OC MASUED 
LU981*8DC MASUED 
AW2&** MASKED 
AM9Z16BOc MASK- 
AM921- **MID 
A-21- ULSKCD 
AW21(WOC WASUEU 
AW2!(UOC MAMCO 
AW216BDC UASUCD 
AW216UfJC MASUCD 
AW21*8oC MASULO 
W92lbBOC 4ASUCD 

bU9216WC MASUED 
AM9216UOC MASUED 
AU92168DC MASUED 
AM9216BuC MASUED 
AM92lMDC UASKEO 
AC921hWC MAWED 

AW?lsOoC MASum 

AU9Pl6BOC MASKED 
W9216UDC MASUEO 
AU92ldYOC UASKED 
bU91lhWC UASKEn 
IM9216W)C UASUFD 
AM92lhUOC MASUEO 
AL9216BUC UASUEn 
AM921hBDC MASUED 
Iuq?lh+JUC UASUEO 

bM921WDC MASUED 
4M921*WC MASUE0 
AM9Fl68DC MASUED 
Au921~OUC MASKED 
AU92lhWC MttSKfP 
L M 9 2 l W U C  MASUE% 
AM9SlWDC M A W E D  
AMOSlhdUC MASKED 
AU9216UDC UISKEO 
A*PZl*ODC MASKCO 
AM91168DC MASUED 
AM9?1*YUC MASKED 
M92168DC MISUED 
AU92168DC MASKEO 
~~921hOUC UASKED 
AM9216(lUC MASKEO 
AM9?16L)UC MASKED 
AM92168DC UASUED 
AMPZlhBOC MASUED 
AM9116RDC MASUED 
AU9716kJUC MASKED 
AMP?l*@~C MASKED 
AU92168DC MASKED 
~~9216*DC MLSUED 
AM9216dDC MlSUED 
LM9216L)OC MASUED 
AM9?l*UDC MASKED 
AM9216BDC UASKED 

AU9216(lOC MASKED 
AM9216BOC MASUED 
AM9216tlDC MASKED 
LM92168DC MASKED 
LC92100DC MASKED 
AM92168DC MASKED 
AM921hRI)C MASUED 
AM9216dOC MASUED 
bU92lhBDC MASUED 
AM9216UOC MASUED 
AM9216UUC MASKED 
AM9216BJC MASKED 
AM921680C MASKED 
AM92168UC MASKED 
lM9216'3nC MASUED 
~~92lbUOC UASUED 
AM9216IUC MASUED 

AM91169DC MASUEO 

b r w t * d n r  UISMCD 

ru92lhOoC u~suEo 

r w m m c  u m c n  
~~9216Uuc M A S ~ ~ E D  
lu92lhRnC MASUED 
1M921hOOC MASKEfJ 
AN92IOI)OC MASKED 
bM9216WUC MASKED 

13194 
e9194 
03794 
03794 
0319b 

03194 
03194 
03104 
03194 
0 31Va 
03794 
03791 

03194 
03191 
03194 
03191 
83194 
03796 
03794 
03194 
03194 
03191 
03791 
03794 
03794 
03794 
03794 
03194 
03791 
03194 
03194 
03791 
03194 
03794 

n3194 

03191 

03194 
n3194 

(13191 

n n q r  
01194 

nwq4  
113794 

03194 

03fP1 
03194 

03191 

037Y4 
03791 
03794 
n7794 
03794 
03794 
03794 
n w q 1  
03794 
n3794 
n37qr 
n3794 
n37~1 
01791 
n w v h  
03194 
03794 
03794 
03794 
03794 

037P4 

01794 
03794 
03194 
03794 
03194 
037% 
03794 
03794 
03791 
03794 

03194 
03194 

03194 

03794 
03194 
01794 
03794 
03794 

03194 
03794 
03794 
03194 
03794 
03794 
03191 
03794 
03794 
03794 
03191 
03194 
03794 
03194 
03794 
03794 
03194 
03794 
03794 
03794 
03194 
03194 

03794 

03194 

n3794 

03794 

03194 

n3794 

IVF cr 

-0usz 
-0956 
-09% 
-02od 

inlo-0204 
iain-0210 
1*10-0211 
inla-0214 
1010-0261 
1010-0273 
1010-0274 
1010-0215 
1010-0276 
1a10-02n1) 
ioio-nir90 

I 018-0301 
i 010-030~ 

1010-0299 
1 01 O-030# 

1OIO-OJO3 
lOlO-03OY 
1010-RJOS 
1010-OJB. 

1810-0301 
1018-0315 

101 8-0315 
1010-0324 

1 n ie-owv 

lnin-ow1 

i ~ i a - 0 3 ~ ~  

1 H I R - 0 4 W  
In ln-n4* 

inio-0117 
101o-o+1n 

1niu-n4oo 
inin-n4oi 
101n-04n2 
1n10-0403 

ini0-040~ 
iain-o4c6 
I 8111-0501 
inin-0502 
11118-0503 
101 0-0404 
1010-0512 
1 nio-os1 3 
1810-0533 
lol~-os34 
in1 8-0547 
I nia-os4n 
inio-0149 
ioio-0.152 
ioin-0564 
i010-05on 
1010-0501 
1010-0502 
101&-0503 
1018-0504 

1018-0479 

101u-0404 

i 018-0505 
ioio-0506 
me-0587 
inio-osoa 

I uin-0591 
I 010-0599 

inin-0594 
I 8111-059s 
lol0-0596 
1018-059? 
1 a i  0-0590 
1018-0599 
inio-ohon 
10 18-060 1 
1010-0602 

1010-0504 
101 8-059l 

1010-0593 

MASMED 
MASKED 

A M 9  
AM9 
AM9 
bU9 
AM9216~'lC 
AW9216ODC 
AP92lLIlOC 
~u9216Bvc 
4M91161)W 

AM9ilWDC 
rw92lhUOc 
AU9?16YOC 
AM921h80C 
AM9216L)UC MASKED 
AM921WDC MASKED 
AM92164lUC U4SUED 
~ ~ 9 2 1 6 6 0 ~  MASUED 
AM9Zl*UDC MAWSO 
W9216M)C MASUfLD 

AM92lW)oc MASUED 
AU9216BDC MASKEn 
AM9216OUC MASKED 
AM9216~UC MASKED 
AM9216SDC MLSUED 
AM921600C MASUED 
AM9216RUC MASKED 
AUo?!JABDC MASKED 
AU9216BDC MASUfD 
Au9116RuC MASKEe 
LM9ZlIODC MASKED 
AM921600C MASKED 
4M92168aC MASKfD 
AM921 600C MASKEQ 
hw9216UDC MASKED 
AM9216BOC MASKED 
AM9216BDC MASUED 
AM921WDC MASKED 
AM9210SDC MASUED 
AM9216bDC MASKED 
AM9216BOC MASKED 
AUV2lh8DC MASKED 
AM9216BUC *SUO 
AU9216CDC MASKED 
hM9216COC MASUED 
AM9216CDC MASUED 
AM921180C3191 LYKO 
AM9210BDC3197 MSKD 
IM~~~DI)DCJIPT Msun 
r w ~ t i 6 ~ 0 c ~ i w  w u n  
A M ~ P I ~ ~ D C ~ I P T  Msun 
AM921~0OC3197 MSKD 
AM921OCDC MASK0 
AM92lOCOC MASUD 
hM92lsCDC MASK0 

ArQ21OCOC MASUED 
AM9218COC MASKED 
AM9210CDC MASIKfD 
AM921OcOC MASKED 
AM92lI)cOC MASKED 
AU92ll)cDC MASKCD 

AM92l*CI)C MAS 
AM92lRClC MAS 
AM9ZlnC'JC UASKth 
AM9211)COC MASUED 
AM9XlRCDC NLSKED 
AU921*CX MASKEU 
AM9211)CJC MASUED 
AM92lncUC UASUED 
AM921flCOC MASKED 
AU9211)COC M A S K E D  
AU9211)COC MASUED 
AU9210CDC MASUEU 
AM92l*CUC MASUED 
AM9Zll)CDC *&SUED 
~u9m3crr UASKED 
AM93SIWC 
LlV431 
W T O O  P*ORRAMMED 
071nl) P*ORRAMUED 
9771)O PRDRRAMMED 
D77nO P*OORAMYED 

w 1 3 1  

C1302 MASUE0 
ClhO2A cr7n2A *ASUFO *ROORAMYEIl 

C7101-1 
CZlO?~ 
C24Ol 
CZ100 

CPTOO C7100 PHDBRAWED PqoBPAWED 

C I T O O  P%3RAMWD 
CZTOO PMOBRAWlED 

AWPI~OCDC MASKD 

AU~PAIICDC MAS 

12~16-I 

~1302 MWFD 

C1700 C??OO PUOOaAMMEO 

c??oO PW~BRAMMED 
cwno YMO~RAUMED 
c71nO P R m 4 m E D  

c w o n  P ~ n m i w m  

CSIOII WDRRAMUCD 
CZTOO PNDW?A~*ED 

CZTOO PMOI (RAWO 

03794 
03194 
03194 
03194 
03794 
03194 
03191 
03794 
03194 
03194 
e3794 
03194 
Ol794 
03194 
03194 
03TY4 
03194 
03194 
03194 
03194 
03794 
03794 
03191 
03194 
03194 
03191 
03194 
037% 
03794 
03191 
03194 
~3194 
03194 
03194 
83194 
03794 
03794 
03194 
03794 
03194 
03194 
0319A 
0379A 
03794 
03794 

03794 
03191 
03794 
0 3194 
03194 

03194 
03794 
03194 

03794 
03794 
03791 
03194 
0 3191 
03194 
03194 
03194 
OIT94 
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01698 1816-0707 
0 1 6 9 ~  1816-0795 
01698 1820-1451 
01698 1820-0690 

0169R 1816-0354 

01608 1816-0679 

SN74S*7lN PROGRAuUFn 0 1 6 9 ~  i816-11*4 

WWW.HPARCHIVE.COM 
SN74S472J 0169R 1816-1008 

E 
0 
0 
a 

e 
e 

e 
e 
n 

e 
e 

8 
e 

E 
Ol69R I I  SN74S474J PPORRAMMCD 

SN76474J PROBRAUUFn n169R l e  
SN74s4?4J PPOGRANMED 
SN14s474J PROGRAMMEI) 
SN745474N 
SN1454?4N PROGRAuYFn 
SN l4S4rW PPOGRbYUEn 
SN74S'iIN 
SNT4Sb4N 
SU74S65N 
SUT4S74N 
SN74S11bN 
SN74SRbN 
fN151074N 
SN751080N 
SN7510vN 
fN7510L 
fNT5IlU4N 
fh*75112N 
SN75116N 
SU15117P 
SN75150P 

SN752lbN 
ZN1532LN 
fN15325N 
ZW753'11AN 
SNTS361AP 
SN75363N 
S N 75 3 6 I N  
SN75417NE 
SN75450nN 
SN754518P 
SN?54%?8JG 
SNT54528L 
SNT5452bP 
SN75453LIP 
JN?54?IbLIP 
SNTS46IP 
SN75462P 
SN75468N 
SN75469N 
SN7547lP 
S N 7 5 4 7 7 P 
SN75491N 
SNT5492N 
5 N 7 I 4  9 7 N 
SNT5498N 
SNTbS49N 
SN84OON 
SN8402N 
SN8404N 
SNO41dlN 
SN8442N 
SN84TSN 
SN849ON 
SN84COON 
SN84LO4N 
SN84LI ON 
SN84L2ON 
SN84L72N 
SN84LT3N 
SN84L74N 

SNGR2N 
SP322Q 
5P370N 
SP374N 
SP3r)ON 
5P61 bN 
SP62Ob 
SPhEW 
SPhZW 
5P631'4 
fP65VN 
fP67UN 
SP6RIJN 
SPR6 l f 8 U r .  

fPah416 

S N T W ~ ~ ~ ,  

5htRbLRSN 

fPAhPPROR 

55S7PSCJ 
CC5725LJ 
fc5741L.l 
S V 7 3 1 h A  ua51rn 
C Y 2 3 3 2  L l P S l F l l  
S V ? 3 7 7  "A5CFP 
S V 7 3 3 L  M 4 5 U F l l  
517312 Meswn 
SIC23161 YLSKFO 
SYCP316A UhSMED 
SIC231 6 1  Y L I U F O  
SYC2316Y HPCKFO 
SIC231 bd NPSNFO 
SVC23lbtl NASKFO 
S'fC73IbM H P f K F O  

SYC7316tl UPSKFO 
S V C 2 3 1  bd MASKFO 
S V C 2 3 1 6 O  YASMED 
SVC23160 NASCFO 

SVC231bb uavvn  

11 6-1 068 
i1 6- i 069 
116-1 11 6-1 070 011 

11b-1072 
116-1145 
11 6-1252 
116-1076 
116-1077 
116-1070 
I16-1ll79 
116-1080 
116-1081 
11 6-1 082 
116-1083 

0169R 1016-1086 
Olh9R 181b-IO87 

n169U 1816-1084 
n lb9A 1816-1085 

0 1 6 9 ~  1 8 1 6 - i w  

0 1 6 9 ~  1 8 ~ 0 - 1 1 5 ~  
0 1 6 9 ~  1820-0691 
016911 i82n-0692 
0 1 6 9 ~  1820-0693 

n16911 18?0-0694 
01698 1020-1321 

01h99 1820-0723 
016911 1820-1310 
016917 18?0-072? 
01698 I1121J-0083 
Olh9P 1020-1110 
0 1 6 9 ~  1810- in26 
oi6w 1020-212~  

0 i h 9 n  I U P O - L O ~ ~  

0 1 6 ~  181h-nn94 

n 1 6 w  i n m - 1 ~ 3 3  
n169n 1820-18ar 
0 1 6 9 ~  1020-1982 
016917 1820-1611 
016911 I ~ P O - E I ~ I  
0 1 6 9 ~  1820-0902 
0 1 6 9 ~  1870-0535 
01698 i8ao-1non 

01698 1020-0799 

0 1 6 9 ~  1820-1050 
0 1 6 9 ~  1820-2044 
0 1 6 9 ~  1820-2200 

Ol69R 18EO-2159 

O l h Y R  1120-?134 

Ol69Y 1020-1677 
01691 IWU-0564 

E Ol69A 1820-166V 

01698 1820-1016 

016913 1020-2111 
0169R 1820-2243 
01691) 182U-ZP07 

0169R 1820-1230 
0 1 6 9 ~  I~LO-2110 

0169P 1n2u-1~31  
0 1 6 9 ~  i n ~ o - 2 1 n 6  
0169R 1810-2141 
0169F 1826-0498 
01691 1820-0870 
111698 182o-088n 
01690 1820-0889 
0 1 6 9 ~  iwo-onno 
n i b 9 8  i 8 ~ 0 - 0 e a ~  
n i b 9 0  ie?o -oan i  
0 1 6 9 ~  1820-0877 

0 1 6 9 ~  I ~ Z O - O ~ I ) ~  
01698 1820-0885 

01698 1820-0887 
O169R 1820-0884 
01698 1820-0886 
01698 1821-081V 
O I ~ P R  IBIO-O~~O 
0169n i820-1189i 
n i b 9 8  182o-on44 
02910 i n t o - o m  
02910 1820-0900 
02910 1820-0774 
0 2 9 i o  18zo-1107 
02910 1820-0318 
0 2 9 i n  1 8 ~ 0 - 0 0 5 9  
02910 1820-0078 
o29 in  i820-0?19 
0291n 1810-0067 

02910 1820-0303 

0159n 01590 I ~ Z O - P Z ~ ~  1820-2041 
n159n 1 8 z o - 1 ~ ~ 1 4  
w l n n  i8?6-0009 

oziun 1826-0013 
01795 i e iu -own  
01799 11118-0702 

01910 1820-0320 
02910 1820-0302 

OLlAO 1026-0228 

I ~ l 8 - w 2 0 s  
181n-0712 
1810-0714 1814-071 3 

1M1*-07 15 
1818-0716 
i ~ 1 a - 0 7 1 1  IBIG-OIIR 

i 818-0719 
1918-0720 



# 

ss REFERENCE 
I 

SVC23lW YASKFD 
SVC2316H UASKFD 
SIC2316M YASKFD 
SVC23lbM MASKFn 
SIC23161 UASKFD 
SIC23160 MASHED 
SIC7316h MASKED 
SIMl404A 
SVPP316A MASKED 
SV17316A MASKCD 
SIP2316A YAS&FD 
WP73IbU MASKED 
SVP231BU YISKED 
SVP2316H MASKED 
SIP23168 YACHFD 
SIP2316W YASKFD 
SVP231 6U MASKED 
SVP2316H MASKED 
SVP23168-T MASKEn 
SYPZ3'12 MASK0 
SIP2332 MLSUD 
SIP2312 MIJKF fl 
SlvPZST2 MASKEn 
SIP2332 MhSKED 
SIP2332 MASNFD 
SIP2332 YASKtD 
SIP2332 *AsCEO 
StP23TZ MIWEn 
SYPPJ~Z YAWED 
SVP2¶32 MASCEO 
SVPZ332 MASKED 
SVP73TZ MASKED 
SIP23%? MASKED 
SIP2332 CASKED 
SIP2332 MLSKED 
SIP2332 UASKFD 
5VP2332 MASKED 
SIP23qZ YLSKEO 
SIP2332 YASKEO 
SVP2332 MASKEn 
SIP2332 CASKED 
SIP23*? MASKEn 
S7AP41 
TnA 2711'iv 
l R A E 3 1  
i i c6nnoav  
l lXL105  

TI OTI*CP 
TLOII~P 

TLBIZCP 

TLon-eWP 

TLOR~CN 

TLOhICP 

11 O72ICP 

lLO7bACN 
TLOTICN 

TLOO4ICN 
TLOWnCN 

TL 43 ICLP 
lL494CN 
7L497CN 
TL5l  4CN 
TL601CP 
TL6n4IP 
11 b07L.P 
TL6lOCP 
TLlOZCLISELI 
T1702CN 
TL7(IO%ACKC 
Tl&-4&?1NC 
TMSO105NC 
TMSZ5Ol"rC 

m. 
01795 
n 1 1 w  

OlTVS 
01795 

01195 
0 1795 

01195 
0 1795 

01796 

01795 
01795 

01795 

01795 

01795 

0 I 195 
017Y5 
01795 
0179S 

01795 
01795 

01191, 
0 1 195 

01795 
01795 
01795 
01795 
0119s 

01795 
01795 
02037 
01991 

01991 

n17qs 

01795 

0179% 

01795 

n I 795 

n I 795 

01795 

nI7Ys 

n iTv5  

n I 791, 

n i795  

n I 795 

n 1 7 w  

06330 

n169n 
016911 

nib911 

016911 
016vn 
O I ~ Y I I  
01691 

016w 
016vn 
o I hvn 

n I 69n 
n i w n  
n 1 6 w  
o I 69n 
016vn 
o i w n  
e1690 
0169n 
0169n 
o I 69n 

01691) 

41691 
O169R 

01601) 

OlhPP 

01690 

w PIN 

I nin-nrz:, 
1 8 1 ~ - 0 7 2 3  
1 0 1 ~ - 0 7 2 4  
181n-n725 

IU18-0721 

1818-U726 
I b1R-0721 
1870-UT63  
1818-06Y7 
1818-0706 
1818-0795 
1818-0710 

1118-0129 
1818-072n 

181n-n730 
I U I M - ~ T ~ I  

iu in -0773  

in in -0951  
in in -0952  

I 810-0536 
18111-0537 
i e i n - 0 5 3 ~  
181 8-OS39 
1818-0140 
1118-0541 
I 010-0542 
i e i a - 0 ~ 4 3  

mn-0545 
101a-o54(r 

1810-0732 

1018-0700 

181 8-0535 

1818-0544 

1818-0644 
1811-0645 
181 8-0646 
181U-0147 
181n-0640 
1818-0649 

in ie -0651  
I e I 0-0793 
1 8 ~ 6 - 0 5 0 7  

1 e z ~ 0 3 1 8  

1826-06w 
iezh-ns20 

1 8 18-06SO 

1820-0051 

1820-0133 
1 UZ0-0279 

1826-0519 
1826-0547 
1U26-0521 
1826-8600 
i e z ~ - n w z  
1 e a 6 - 0 ~ 1 5  
1826-0577 
1 8L6-0S38 
1026-0419 
1826-0643 
1826-0565 
1826-0650 
I 826-0051 
1ez6-0476 
I 1120-1973 
1ezu-iva 
1826-0477 
1826-0461 
1820-0396 
1826-0551 
1820-1174 
1820-1232 
1'018-0096 

* '  :I 
, *  I ' 

02237 
02237 
02237 

02237 
016vn 

n ~ 2 3 7  
~ 2 7 3 1  
n7131 
b?C11 
n 2 2 w  
02737 
n?? ir 
02737 

n ? ? w  

02277 
o?qin  
n?aw 
o z z n  
02237 

OZZ I 7  

0??3? 

02237 
62237 
02237 
02237 
02237 
02237 
02237 
02231 
01237 
0?23T 
02237 
olbvn 
02237 
02237 
02237 
OP237 
02237 
e i m  
0 1 6 9 ~  
02237 
42237 
n m w  
02634 
02614 
04208 
02634 
obzon 
02634 
02634 
02634 
026% 

iaz~-n055 

i n z ~ - n n w  
1 az6-nn31 

i w a - n i e 3  

i r ) 2 6 - ~ 5 a  
1 w 6 - n i x  

I A V ~ - O S V  

in>+-m* 

1826-0543 
1826-0574 

1126-0064 

I8?b-O*44 

lH/4-8164 
1 UC6-034? 

1826-01 37 
182h-n231 

I oh-0712 

1em-0353 

1 ~ 6 - 0 ~ 9  

I O W - M ~ L  1826-0460 

1806-0345 
1896-0184 
1826-0484 
1626-0103 
I ~ z ~ - o + ~ s  
1626-04711 
ie26-win 
1026-e62n 

182(1-0*41 

1896-04b4 1826-0404 

181 1-Ol27 
1826-0300 1 W6-0O2Q 

1ea*-0511 
I 026-0403 
iew-04a3 
1 e 2 6 - o w  
11120-2020 
1820-2273 
I88?0-?129 1820-1120 

18~0-IOM 

~eab-oozv 
lW0-2060 I 020-0491 

I a20-1e44 

1820-2274 1 e-20-2170 

1 626-2 1 30 

I820-1920 

1820-2005 
1820-1919 
1826-0624 
1826-0332 
1026-0331 
IUIO-1648 
1820-1628 
1826-0237 
I Rl0-2298 
1820-2301 
1U28-?299 
I O Y O - ~ O ~  1ui3-no&n 

161f-no39 

a 
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1712A OSCILLOSCOPE a 
171 2A-14. All serials. ModiAcetion Bo prevent intermit- 

478A THERMlSTOR MOUNTS 
478A-1D. All serials. Thermistor assembly replace- 

ment procedure. 
478A-2A. Serials below 49673. RF connector assem- 

bly replacement procedures 
478A-3. All serials between 49673 to 65800. Ground 

modification to prevent currents flowing through 
thermistors. 

9 iupplement to 
171 5A OSCllLOSCOPE 

1715A-2. Serials 1820A01025 and below. Recom- 
mended replacement parts to improve reliability of 

1715A-3. Serials 1726A and below. Modification to 
eliminate intermittent auto baseline at slow sweeps. 

B 
analog assemMy 818. 4 

I 
! 495A MICROWAVE AMPLIFIER 

495A-8A. Serials 826-031 1 thru 1717A. Modification to 
prevent arcing in high voltage circuits. 1720A OSCILLOSCOPE 

1720A-18. AU serials. Modification to eliminate inter- 
mittent auto baseline at slow sweeps. F 608C/D VHF SIGNAL GENERATORS 

608D-4B. 608C serials below 2354 and 606D serials 
below 4916. Recommended silicon rectifier 
conversion. 

Need Any 1722AlB OSCILLOSCOPE 
1722A-16. All serials. Modithion to eliminate inter- 

mittent auto baseline at slow 
1722B-1. serials 17378, and b s  to 

eliminate intermittent auto ba&ine at skw sweeps. 
\ 

'i' Service 895A POWER SUPPLY 
295A-2. Serials 1821A-01702 and below. Modification 

to replace zener reference diode 1902-0763. 

"7 'Notes? 1725A OSCILLOSCOPE 
1725A-2. Serials 1823AOO8OO and below. Recom- 

mended replacement parts for reliabiiity of analog 
assembly A18. 

prevent intermittent auto btlseline at slow sweeps. 
1725A-2. Seritds 172OA and b&W. W h t i S  to 

12OONB OSCILLOSCOPE 
1200NElk Serials 1202Aandbelow. Recommended 

low voltage regulator transistor replacement. 

1201AlB OSCILLOSCOPE 
1201NB-9. Serials 1331A and below. Recommended 

low voltage regulator transistw replecement. 1742A OSCILLOSCOPE 
1742A-1. Serials prefixed 1807A. MOditicatWT to 

vent false readings in delayed sweep "TRIGD' 
mode. 

1220A OSCILLOSCOPE 
1220A-21A. Seriala 1814A. 1814s. and below. Rec- 

ommended CRT replacement. 

n information for 
instruments you own, remove the 
order form and mail it to the HP 
distribution center nearest you. 

1915A OUTPUT AMPLIFIER 

placement parts for A5CR2 and A5CR3 diodes. 
1915A-4A. Serials 1522A and below. Preferred re- l222A OSCILLOSCOPE 

1222A-1A. Serials 1809A, 1809s. and below. Recom- 
mended CRT replacement. 

3325A SYNTHESIZER/ 
FUNCTION GENERATOR 

3325A-1. Serials 1748AOO310 and below. Recom- 

333ONB AUTOMATIC SYNTHESIZER 
3330AB-10. Serials 1331A02237 and below. Recom- 

mended power supply modification. 

mended isdated HP-I8 timing improvement. 

1310A DISPLAY 
131OA-19s. Serials 1812A-01656 and below. Elimi- 

nation of potential hazard. 

131 1 A DISPLAY 
1311A-19-S. Serials 1552A-01477 and below. Elimi- 

nation of potential hazard. 
di;"r OSCILLOSCOPE 

140T-1A-S. All prefixes. Modification to reduce shock 

1411 STORAGE OSCILLOSCOPE 
141T-7A-S. All prefixes. Elimination of potential safety 

204C/D OSCILLATOR 

hazard during failure conditions. 

azard. 

1317A DISPLAY 
1317A-6-S. Serials 1649A-00800 and below. Elimina- 

tion of potential hazard. 

3335A FREQUENCY SYNTHESIZER 
3335A-2. Serials below 1640A00300. Elimination of 

potential problem when replacing A4U56, A w l ,  
A5Q2, A5CR3, or A4. 

3335A-3. serials be)ow 1640A00376. Recommended 
installation of special sweep mode switch. 

1321A DISPLAY 
1321A-6-S. Serials 1656A-00425 and below. Elimina- 

tion of potential hazard. 3 2WD-3A. 204C End 204C-H20 serials 0989A18215 
and below, and 204D serials 1105AO5485 and 
below. Modification to accept new type batteries 
{Option 002 only). 

3403A/B/C/ TRUE RMS VOLTMETER 
3403C-7. All serials. Recommended modifications to 

update 3403A to 3403C. Supplements 3403C-4. 
t 
'I 1350A GRAPHICS TRANSLATOR 

135OA-1. All serials. Resistor change to standardize 2 
axis amplifier U65 selection. 

3420AlB DC DIFFERENTIAL 
VOLTMETE WRATIOMETER 

342ONB-5C-S. Elimination of potential safety hazard. 

239A OSCILLATOR 
239A-1. Serials 1814AOOlOO thru 1814AOO226. Pro- 

cedures for correction of wiring of ground select 
switch. 

239A-2. Serials 1814AOO100 thru 181 4AOO231. Pro- 
cedures for correction of amplitude instability. 

1610A LOGIC ANALYZER 
161OA-4-S. Serials 1812A00645 and below. Elimina- 

tion of power line socket shock hazard. 
161OA-5. Serials, 1822A and below and 01610-63005's 

serials below 1806AO1040. Modification to prevent 
fuse failures due to line fluctuations. 

1610A-6. Modification to the display board to improve 
performance. 

161OA-7. All serials. Low voltage power supply trou- 
bleshooting. 

3435A MULTIMETER 
3435A-3. Serials 1606A06400 and below. Recom- 

mended replacement of AlU14 and AlU15 digit 
drivers. 339A DISTORTION 

MEASUREMENT SET 
339A-1. Serials below 1730A00451. Wving oscillation 

problems when testing high gain amplifiers. 
339A-2. Serials below 1730A00410. Procedures for 

replacement of zener diodes A4CR5, A4CRl 1 and 
photocells A3E1, A3E2. 

339A-3. Serials below 1730AOO555. Replacement pro- 
cedures for photocell A3E1. 

339A-4A. Serials below 1730A00409. Replacement 
procedures for photomodule A2E1. 

# 
3438A HP-IB MULTIMETER 

3438A-3. Serials 1717A00920 and below. Recom- 
mended replacement of AlU14 and AlU15 digit 
drivers. 1611A LOGIC STATE ANALYZER 

10262A-1. Serials 1618AOO511 and below. Modifica- 
tion to 10262A personality module for input signal 
threshold detection. 

34508 DIGITAL MULTIMETER 
345OB-5. All serials. Recommended power supply 

transformer replacement. 

1615A LOGIC ANALYZER 
1615A-1-S. Serials 1825AOO626 and below. Elimina- 

tion of power line socket shock hazard. 

3455A DIGITAL VOLTMETER 
3455A-128. Serials 1622A02566 to 1622A03300. 

Recommendations to improve ohms converter re- 
419A DC NULL VOLTMETER 

419A-7A-S. Elimination of potential shock hazard. 
sponse time. 

3455A-13. Serials 1622A03538 and below. Recom- 
mended modifications to reduce switch bounce and 
A I  U48 oscillations. e 3488A MULTlMETERS 

3466A-4A. All serials. Recommended replacement of 
integrator of amp U400. 

3466A-6. Serials 1716AO2781 and below. Recom- 
mended true RMS converter replacement. 

3466A-7. Serials 1716AO3380 and below. Recom- 
mended replacement of A4U901, MU905, A4U906, 
and A4U911 digit drivers. 1 

a 

1640A SERIAL DATA ANALYZER 
164OA-1-S. Serials 1827AOO315 and below. Elimina- 

tion of power socket shock hazard. 
1640A-2. Serials 1827AOO295 and below. Power sup- 

ply cunent limit modification. 
1640A-3. Serials 1835A00402 and below. Recom- 

mended replacement for clamping diodes on A4 
interface board. 

427A VOLTMETER 
427A-5. Serials 0947A18910 and below. Meter stability 

improvement when switching from DCV+ to DCV- 
~ positions. 

432C POWER METER 
432C-2. Serials 1832A and below. Modification to buf- 

fer BCD output data. 
.. 465A AMPLIFIER 

465A-6. Serials 0970A05175 and below. Recom- 
17108 OSCILLOSCOPE 

17108-15. All serials. Modification to eliminate inter- 
mittent auto baseline at slow sweeps. 

* 
mended repiacwmnt for transistor Q9 
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3495A SCANNER 
3495A-3. Serials 1428A02505 and below. Recom- 

mended modifications to meet European VDE con- 
ducted RFI specifications with accessory 44413A. 

3551A TRANSMISSION TEST SET 
355lA-9A. Serials 1550A04325 and below. Recom- 

mended A3 input amplifier assembly, front panel, 
and front subpanel replacement. 

3551 A-1 1. Serials 1550A04325 and below. Recom- 
mended replacement kt for new type WECO 310 
jacks. 

35558 TRANSMISSION AND NOISE 
MEASURING SET 

35558-2D. Serials 0992A05670 and below. Recom- 
mendations for improved power supply reliability. 

3582A SPECTRUM ANALYZER 
3582A-1. All serials. How to replace front panel 

3585A 
3585A-1. Serials below 1750A00230. Inpuffconversion 

3702A DEMODULATOR DISPLAY 
3702A-24. All serials. Recornmended replacement of 

3702A-25. All serials. Recommended replacement of 

37028 IFIBB RECEIVER 
37028-40. Serials below 1242U-00251. Recom- 

mended field replacement of A2 assembly. 
37028-41. Serials below 1438U-01046 and serials 

1 MU-01046 to 172311-02055 inclusive. Replace- 
ment of Y2 display switch (S7). 

switches. 

assembly rust problem correction. 

varactor diode A3CR5 (0122-0602). 

A3 assembly I.F. mixer 8 local oscillator. 

37022 DEMODULATOR DISPLAY 
37022-9. All serials. Replacement of varactor diode 

A3CR5. 0 37022 DEMODULATOR DISPLAY 
37022-10. All serials. Repacement of A3 assembly I.F. 

3721A CORRELATOR 
3721A-16. Serials 1544U-OO660 and below. Recom- 

mendat is  for improved operation of reset circuitry. 
3721A-17. Serials 1544U-00665 and below. Elimina- 

tion of nois? on dither position. 

mixer & local oscillator. 

3745N8 SELECTIVE LEVEL 
MEASURING SET 

3745A1B-4C. Serials 1607U and below. Recom- 
mendations to eliminate HP-18 system operational 
errors. 

3745NB-19. Serials 1815U and above. Preferred re- 
placement of A109 ROM1. 

3745NB-21. Serials 1815U. Improvement in low fre- 
quency noise floor. 

3745NB-22. Serials 1812U and below. Preferred re- 
placement of A109 ROM4. 

3745NB-23. Serials 1815U. 1831U and 1836U. Pre- 
vention of possible remote start-up problem. 

3745NB-24. Serials 1812U and below. Recommended 
retrofit kit for special option H14. 

3745NB-26. Serials between 1815U and 1844U. XY 
driver (option 040) wire harness modification 

3747NB SELECTIVE LEVEL 
MEASURING SET 

3747NB-1. Serials 1819U and below. Improvement in 

3747NB-2. Serials 1834U and below. Prevention of 

3747NB-3. Serials 1804U and below. Recommended 

3747NB-5. Serials between 1804U and 1908U. XY 

low frequency noise floor. 

possible remote start-up problem. 

modification to lOMHz crystal filter assembly. 

driver (option 040) wire harness modification. a 3760A DATA GENERATOR 
3760A-11. Serials 1744U-00356 to 174411-00394. 

Recommended modification to data delay 
switching. 

3?63A ERROR DETECTOR 
3763A-2. Serials below 181211-00156. Modification to 

reduce the susceptibility of the 3763A to conducted 
line interference. 

3770A AMPLlTUDElDELAY DISTORTION 
ANALYZER 

3770A-17A. Serials below 1651 U-00483. Recom- 
mendations to improve attenuation distortion re- 
sponse with input frequencies widely separated/ 
preventing oscillation on A31. 

3770A-36. Serials below 1817U-00503. Preferred re- 
placement for loudspeaker LS1. 

3770A-37. All serials. Recommended retrofitting 
instructions for option 001 (+lWBm switch). 

37708 TELEPHONE LINE ANALYZER 
37708-1 4. Serials below 172811-00246. Recom- 

mended replacements to prevent oscillations on as- 
sembly A31. 

37708-16. Serials below 1728U-00311. Procedures to 
prevent shorting of capacitors on A23 assembly. 

3771N8 DATA LINE ANALYZER 
3771NB-1. All serials. Retrofitting instructions for 

3780A PATTERN GENERATOW 
ERROR DETECTOR 

378OA-48. Serials below 1804U-00531. Modification to 
prevent noise on the AC line supply. 

3780A-1 OB. Serials below 1804U-00531. Recom- 
mendations to reduce the susceptibility to con- 
ducted mains supply interference. 

378OA-16. All serials. Procedures for selection of cor- 
rect data threshold level. 

3964A INSTRUMENTATION TAPE 
RECORDER 

3964A-16A. Serials 1715A through 1814A; and option 
009/010 with serials 182lA00792 and below. Rec- 
ommended modification of A24 F1 and F2 to 5 
amps. 

printer board option 004. 

3968A INSTRUMENTATION 
TAPE RECORDER 

3968A-lW8868A-14A. Serials 1715A through 1814A; 
and option 009/010 with serials 1821A00702 and 
below. Recommended modification a A24 LF1 and 
F2 to 5 amps. 

5045A DIGITAL IC TESTER 
5045A-58. All serials. Recommended new relays 

check test cards. 
5045A-9. All serials. Recommended handling precau- 

tion for CMOS boards. 
5045A-10. All serials. Power supply modification to 

prevent overvoftage adjustment conditions. 
5045A-11. All serials. Revised cross talk test to im- 

prove current performance tests. 
5045A-12. All serials. Recommended proper ground 

reference for test equipment. 
5045A-13. Serials 1748A00345 and below. Paper ad- 

vance circuit modification to prevent Q2 drive tran- 
sistor damage. 

5045A-15. All serials. Revised 5045A A l l  adjust- 
ments. 

53OOA MEASURING SYSTEM 
53OOA-5. All serials. Recommended 10548/\ diagnos- 

!53OOB MEASURING SYSTEM 
53OOB-2. All serials. Recommended 10548A diagnos- 

5307A HIGH RESOLUTION COUNTER 
5307A-1A. Serials 1306. Modification to install ground 

5308A 75 MHz TIMEWCOUNTER 
5308A-4A. Serials 1720 and below. Recommended 

modification to prevent self-check erroneous 
display. 

ti test card update. 

t i  test card update. 

input overload protection. 

5312A ACSll CONVERTER 
531 2A-3. Troubleshooting procedures using signature 

5314A UNIVERSAL COUNTER 
5314A-1. Serial 1816. Recommended modifications of 

5328A UNIVERSAL COUNTER 
5328A-U-15A. Serials 1818U-00761 and above. Rec- 

ommended replacement for A2 power supply 
assembly. 

analysis. 

A1 main board assemblies. 
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5328A-22. Series 1625. Troubleshooting option 01 1 
(HP-18) using signature analysis. 

5328A-23. Serials 1828-08626, 1828-08733, 1828- 
08743, 1828-08742. and 1828-09052. Recom- 
mended improvement to A3 oscillator support 
assembly. 

5342A MICROWAVE FREQUENCY 
COUNTER 

5342A-9. Serials 1812 and below. Recommended pro- 
cedure to correct false frequency readout. 

5354A FREQUENCY COUNTER 
5354A-8. All serials. Compatibility and repair 

information. 

5363A TIME INTERVAL PROBES 
5363A-3. All serials. Recommended probe FET re- 

5370A UNIVERSAL TIME INTERVAL 
COUNTER 

537OA-1. All serials. Recommended HP-IB verification 
program. 

537OA-2. Recommended ROM changes. 

5381A 80 MHz FREQUENCY COUNTER 
5381A-2. Serials 1624 and below. Recommended field 

replacement of AICRl full wave bridge rectifier. 

5420A DIGITAL SIGNAL ANALYZER 
5420A-14. All serials. Modification to improve perfor- 

5451 BIC FOURIER ANALYZER 
5451B-19/5451C-01. Serials 1748Aand below. Modifi- 

cation to prevent intermittant operation of 5477A 
system control while running modal analysis. 

placement. 

m a m  of 544708 digital filter 

55OOC LASER HEAD 
5526A-4. Serials 1648A and below. Modification to 

eliminate laser starting problems. 

6110A THRU 6116A DC POWER SUPPLY 
61 1 OA-2. Serials 181 5A01507 and older. Recom- 

mended modification to replace zener diode 1902- 
0763. 

61 1 1 A-2. Serials 1606A02096 and below. Recom- 
mended modification to replace zener diode 1902- 
0763. 

61 12A-2. Serials 1634A01849 and below. Recom- 
mended modification to replace zener diode 1902- 
0763. 

61 13A-3. Serials 1617AO1250 and below. Recom- 
mended modification to replace zener diode 1902- 
0763. 

6116A-2. Serials 1741A01825 and below. Recom- 
mended modification to replace zener diode 1902- 
0763. 

6128C THRU 6131A DIGITAL VOLTAGE 
SOURCE 

6128C-1. Serials 162lAOO150 and below. Modification 

612%-2. Serials 1739Aoo386 and below. Modification 

61%-2. Serials 1821AO1045 and below. Modification 

6131C-2. Serials 1825A00680 and below. Modification 

to replace zener diode 1902-0763. 

to replace zener diode 1902-0763. 

to replace zener diode 1902-0763. 

to replace zener diode 1902-0763. 

6282A THRU 6296ADC POWER SUPPLY 
6282A-3. Serials 1814AO3008 and below. Modification 

to replace zener diode 1902-0763. 
6286A-3. Serials 1744AO3991 and below. Modification 

to replace zener diode 1902-0763. 
6291A-2. Serials 181OAO4422 and below. Modification 

to replace zener diode 1902-0763. 
6296A-3. Serials 1816AO3146 and below. Modification 

to replace zener diode 1902-0763. 

64278 THRU 64348 POWER SUPPLY 
64276-2. Serials 171 1 A01 140 and below. Modification 

6428B-2. Serials 1834AO2369 and below. Modification 

643382. Serials 1706A03305 and below. Modification 

6434B-2. Serials 1826A02850 and below. Modification 

to replace zener diode 1902-0763. 

to replace zener diode 1902-0763. 

to replace zener diode 1902-0763. 

to replace zener diode 1902-0763. 



6438BB439W64436/64&B POWER SUPPLY 
6-2. Serials 1706A01695 and bebw. Modification 

W96-2. &rials 1821AO1775 and below. Modification 

64436-2. Serials 1706AMo90 and below. Modification 

64486-2. Serials 1825A02166 and below. Modification 

6515AI6516A POWER SUPPLY 
651 5A-2. Serial 171 2A04660. Modification to replace 

6516A-2. Serials 1818AO4030. Modifcation to replace 

6521AJ6522AI6525A POWER SUPPLY 
6521A-6. Serial 1818AO1190. Modification to replace 

6522A-6. Serial 1820AO1267. Modification to replace 

6525A-6. Serials 1827AO2471 and below. Modification 

7221A GRAPWC PLOTTER 
7221A49872A-8. 7221A Serials 1823A-01381 and 

bebw, and 07221-60181 and 07221-66131 man- 
ufactured before 10/1/78. Change power-up 
sequence to processor BIB'S. 

to replace zener diode 1902-0763. 

to replece zener &ode 1902-0763. 

to replace zener diode 1902-0763. 

to replace zener diode f902-0763. 

zener diode 1902-0763. 

zener diode 1902-0763. 

ZM dode 1902-0763. 

zener diode 1902-0763. 

to replace zener diode 1902-0763. 

7402An4MA OSCILLOGRAPHIC 
RECORDERS 

7402A-8. Serial prefixes: 7402A - 172OAO3286 to 

174OA00580. Recommended procedures to lubri- 
cate drive roller bearings. 

7402A-9. Serials 1820A3600 and before. Notse reduc- 
t i  modification on options 004 and 0009. 

8018A DATA GENERATOR 4 

1720A03500, 7404A - 1740A00541 to 

8018A-1. Serials 1702G00101-1702G00205. Recom- 

8018A-2. Serials 1826600285 and below. A3 bit rate 

8165A PROGRAMMABLE SIGNAL SOURCE 
8165A-2. Serials 1812GOO241 to 1812GOO281. Proce- 

8165A PROGRAMMABLE SIGNAL SOURCE 
8165A-3. Serials 1701600101 to 1812G00281. Rec- 

ommended power dissipation improvement on A10. 

841 1A HARMONIC FREQUENCY 
CONVERTER 

8411A-2. All serials. Recommended adjustment pro- 
cedures to ensure compatibility with broadband ap- 
plications. 

841 1A-3. All serials. Correct part numbers to use when 
replacing sampler assemblies. 

mended improved power supply kit. 

board modification. 

dure to eliminate power-on problem. 

8412A PHASE-MAGNITUDE DISPLAY 
8412A-6. Serials 1625A and below. Modification for 

use with 8750A storage-normalizer. Supersedes 

8412A-7-S. Serials 1812A and below. Improvement of 
fuse labeling. 

8412A-8. Serials 172OA through 1812A and instru- 
ments modified for use with 8750A storage- 
normalizer. Recommended replacement for A3U1, 
A3U3, and A3U4 61-FET analog switches. 

P-08512-60051. 

8414A POLAR DISPLAY 
841 4A-5. Serials 161 6A03675 and below. Recom- 

mended replacement for high voltage oscillator 
transistors Q1 and Q2. 

8443AIB TRACKING 
GENERATOWCOUNTER 

8443AJB-1-S. 8443A serials 1217A and below; 84436 
serials 122U and below. Elimination of potential 
shock hazard. 

84788 THERMISTOR MOUNT 
8478B-1A. Serials 2383 through 2898 and serials 24aa 

and above. Recommended thermistor assembly re- 
placement kit. 

84788.2. All ser'ds 1144A12160 and below. Recom- 
mended ground modifition. 

-1 A STORAGE-NORMALIZER 
8501A-2. Serials 183OAOO220 and below. tuWi#Wiofi 

of rear panel connectors to be compatible with new 
and improved interconnect and labdjng interfacs 
cables. 

8503AIB SPARAMETER TEST SET 
8503A-1/8503&1. All serials. Recommended proce- 

dures for cleaning of solenoid contacts in A5 coaxial 
switch assembly. 

8505A NETWORK ANALYZER 
8505A-14. Serials 1833A00770 and below. Modifica- 

tion of rear panel connectors to be compatible with 
new and improved interconnect and labeling inter- 
face cables. 

85586 SPECTRUM ANALYZER 
85586-13A. Serials 1612A and below. Two pot gear 

W e  tuning modification. 
8558516. All serials. Recommendations for changing 

standard 85588 into 75 ohm option 001 or 002. 
85586-18. Serials 1823AO4286 to t823A04360. Rec- 

ommended replacement of W9 ribbon cable PC 
connectors. 

8565A SPECTRUM ANALYZER 
8750A-U8565A-3. lmprovemenl of the 8750A horiz. 

gain control range when used with the 8565A spec- 
trum analyzer. 

8565A-4. serials 1849A and below. Recommended 
parts for oversized AT1 isolator. 

8565A-5. All serials. Recommended YTO replacement 
kit. 

8568A SPECTRUM ANALYZER 
8588A-2. Serials 1-A thru 1818A. MOS counter IC 

date codes with known defective devtces. 
8568A-3. All serials. Procedure to correct delay fol- 

lowing instrument preset. 
8568A-4. W a l s  1805A and below. Recommended 

modification to improve 10 Hz bandwidth noise 
floor. 

8568A-5. All serials. List of operation and service doc- 
umentation available. 

8568A-6A. All serials. User information available to im- 
prove performance. 

8568A-9. All serials. Replacement of A28 battery pack. 
8568A-11. All serials. Recommended fuse replace- 

ment. 
8568A-12. IF-display sections prefixed 181 1A and 

below. Recommended modifications to A l V l  
CRT/AlA2 2 axis amplifer compallbility. 

8614A SIGNAL GENERATOR 
8614A-19A. Serials 1748A and below. Recommended 

replacement for germanium transistors on A500. 
861 6A-17A. Serials 1739A and below. Recommended 

replacement for germanium transistors on A m .  

866OAIBICI SYNTHESIZED SIGNAL 
GENERATOR 

866OA-29. All serials. Programming interface verifica- 

86996 RF UNIT 
86996-5A. Serials 1441A and bebw. Recommended 

A3 YIG oscillator replacement kit. 

tion program. 

8750A STORAGE-NORMALIZER 
8750A-2/8565A-3. Serials 1808A and below. Im- 

provement of the 8750A horiz gain control range 
when used with the 8565A spectrum analyzer. 

8750A-4A. Serials 1808A and below. Selected resistor 
for use with option 003 and 004 dedicated interface 
cards. 

875OA-5. All serials. Recommended 220V/240V line 
voltage fuse replacement 

8750A-6. All serials. 8750A/841 OB multi-octave 
glitches explained. 

8868A INSTRUMENTATION TAPE 
RECORDER 

3968A-16AfBBBBA-14A. Serials 1715A through 1814A, 
and Option 009/010 with serials 1821A00702 and 
below. Recommended modification of A24 F1 and 
F2 to 5 amps. 

941 1 A CONTROLLER CARD 
9411A-3. Clarification of promkontrol card rev com- 

patibilities. 
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in&*tion of a 95716-1. All 561 

If teat fib I for 
systems that do not have power supply pro- 
grammets. 

9571A-3. 91073A prom Mndor change. 

9862A CALCULATOR PLOTTER 
9862A-6A. All serials. Mechaniil parts list mection. 

9872A GRAPMC PLOTTER 
7221A-W9872A-8. 9872A serials 181OA-02891 and 

below. and 09872-60131 and 09872-66131 man- 
ufactured before 10/1/78. Change power-up 
sequence to processor EIBs. 

9872A-9. Recommended memory PCA replacement. 

10262A PERSONALITY MODZKE 
10262A-I. Serials 1818A00511 and bebw; l 6 t l A  

option Ale. Modification for input signal threshold 
detection. 

10761 BINARY MULTIPLIER 
10761A-1. Serials below 1712. Modification to &mi- 

59308A TIMING GENERATOR 
59308A-3. Serials 1740AOO466 through 1744AW90. 

Moditicetion to knprove 5 M# rsgrdator. 

89361AIB POWER SUPPLY 
69351A4-1/6935151. 69351A all serials, 693518 se- 

rials 1818AO2638 and bebw. Modification to use 
zener diode 1902-0785. 

nate signal timing problems. 

86242AIC RF PLUG-INS 
86242A-38. All serials. Recommended YTO replace- 

ment kit. Supersedes 86242A-1, 86242A-3. 

86242C-1C. All serials. Recommended YTO replace- 
ment kit. Supersedes 86242C-1, 86242C-lA, 

86242A-3A. 

86242C-16. 

86250AIBICID RF 
86250A-3A. Serials 1238A and below and 1246A and 

above. Recommended YTO replacement kit. 
Supersedes 86250AJB-1 and 86250A-3. 

86250E3A. Serials 1238A and below and 1246A and 
above. Recommended YTO replacement kit. 
supersedes 86250AfB-1 and -3. 

86250C-lk Serials 1625A and below. Recommended 
YTO reptacement kit. SuperJedes 86250C-1 

86250D-1A. Serials 1709A and below. Rscommended 
YTO replacement kit. Supersedes 862500-1 

86330B186331 B OSCILLATOR MODULES 
863308-3/86331&3. All serials with option 001. Mod- 

ification to RF mounting bracket when replacing 
modulator-amplifier-detector. 

86341 B OSCILLATOR MODULES 
86341 B-3. All serials with option 001. Recommended 

modification to LRF mounting bracket when replac- 
ing modulator-amplifierdetectof. 

8634WC OSCILLATOR MODULE 
86342A-48. Ail serials. Recomnrended YTO replace- 

ment kit. Supersedes 86342A-1, 86342A-4, 

86342C-16. All serials. Recommended YTO replace- 
ment kit. Supersedes 86342C-1, 86342C-lA 

8365OC OSCILLATOR MODULE 

86342A-4A 

86350C-1A. Seria)s 1741A and belorw. Recommended 
YTO replacement kit. Supersedes 8635OC-1. 

86351A OSCILLATOR MODULE 
86351A-3A. All serials. Reurmmended YTO replace- 

ment kit. Supersedes 86951A-3. 

86352A OSClLtAtOR MODULE . 
86352A-3A. All seriats. Recommended YTO replace- 

941 51 A PROGRAMMABLE 
DRIVEWCOMPARATOR CARD 

941 51A-1. Modification to improver drive signal 
characteristics under cepaCitive load when used in 
9571A. 

ment kit. Supersedes: 86352A-3. 



If you want service notes, please 
check the aDDroDriate boxes below 
and return %is lorm separately to 
one of the following addresses. 

Hewlett-Packard 
1820, Embarcadero Road 

Palo Alto, California 94303 

0 14OT-1A-S 
0 141T-7A-S 
0 204ClP3A 
0 239A-1 
0 239A-2 

0 339A-1 
0 339A-2 
0 339A-3 
0 339A-4A 
0 419A-7A-S 

0 427A-5 
0 432C-2 
0 465A-6 
0 478A-12 
0 478A-2A 

0 478A-3 
0 495A-8A 
0 608D-46 
0 895A-2 
0 1200AlB-lA 

0 1201Al6-9 
0 1220A-21A 
0 1222A-1A 
0 131OA-19s 
0 1311A-19s 

0 1317A-6-S 
0 1321A-6-S 
0 135OA-1 
0 161OA-4-S 
0 161OA-5 

0 161OA-6 
0 1610A-7 
0 1615A-1-S 
0 1640A-1-S 
0 1640A-2 

0 1640A-3 

0 1712A-14 
0 1715A-2 
0 1715A-3 

0 17106-15 

0 1720A-18 
0 1722A-18 
0 17226-1 

0 1725A-2 
0 1725A-3 
0 1742A-1 
0 1915A-4A 
0 3325A-1 

0 333OAl6-10 
0 3335A-2 
0 3335A-3 
0 3403C-7 
0 342OAI6-5C-S 

0 3435A-3 
0 343849-3 
0 34506-5 
0 3455A-126 
0 3455A-13 

0 3466A-4A 
0 3466A-6 
0 3466A-7 
0 3495A-3 
0 3551A-9A 

0 3551A-11 
0 3555520 
0 3582A-1 
0 3585A-1 
0 3702A-24 

0 3702A-25 
0 3702640 
0 3702641 
0 37022-9 
0 37022-10 

0 3721A-16 
0 3721A-17 
0 3745Alwc 
0 3745Al6-19 
0 3745N521 

0 3745Al6-22 
0 3745N6-23 
0 3745Al6-24 
0 3745Al6-26 
0 3747N6-1 

0 3747AlB-2 
0 3747Al6-3 
0 3747Al6-3 

ORDER FORM 

For European customers (ONLY) NAME 

Hewlett-Packard 
Central Mailing Dept. 

P. 0. Box 529 

COMPANY NAME 

Van Hueven Goedhartlaan 121 CITY 
STATE ZIP- AMSTELVEEN-1134 

Netherlands 

0 3747Al6-5 
0 3763A-2 
0 3770A-17A 
0 377OA-36 
0 3770A-37 

0 37706-14 
0 37706-16 
0 377lAl6-1 
0 378OA-46 
0 3780A-106 

0 378OA-16 
0 3976A-16A 
0 2968A-16N8868A-14A 
0 5045A-53 
0 5045A-9 

0 5045A-10 
0 5045A-11 
0 5045A-12 
0 5045A-13 
0 5045A-15 

0 5083-4 
0 5300A-5 
0 53006-2 

0 5308A-4A 
0 5307A-1A 

0 5312A-3 
0 5314A-1 
0 5328A-U-15A 
0 5328A-22 
0 5328A-23 

0 5342A-9 
0 5354A-8 
0 5363A-3 
0 5370A-1 
0 537OA-2 

0 5381A-2 
0 542OA-14 
0 5451 6-1 915451 C-01 
0 5526A-4 
0 611OA-2 

0 6111A-2 
0 6112A-2 
0 6113A-2 

0 6116A-2 

0 6129C-2 
0 613OC-2 
0 61316-2 

0 6128C-1 

0 6282A-3 
0 6282A-3 
0 6291A-2 
0 6296A-3 
0 64276-2 

0 64286-2 
0 64336-2 
0 64346-2 
0 64386-2 
0 64396-2 

0 64436-2 
0 64486-2 
0 6515A-2 
0 6516A-2 
0 652lA-6 

0 6522A-6 
0 6525A-6 
0 7221 A-619872A-8 

0 7402A-9 
0 7402A-0 

0 8018A-1 
0 8018A-2 
0 8165A-2 
0 8165A-3 
0 8411A-2 

0 841lA-3 
0 8412A-6 
0 8412A-7-S 
0 8412A-8 
0 8414A-5 

0 8443Al6-1-S 
0 84786-1A 
0 84786-2 
0 8501A-2 
0 8503A-1185038-1 

0 8505A-14 
0 85588-13A 
0 85586-16 

0 85586-18 
0 8565A-4 
0 8565A-5 
0 8568A-2 
0 8mA-3 

0 8568A-4 
0 8568A-5 
0 8568A-6A 
0 8568A-9 
0 8568A-11 

0 8568A-12 
0 8614A-19A 
0 8616A-17A 
0 866OA-29 
0 8699B5A 

0 8750A-218565A-3 
0 8750A-4A 
0 8750A-5 
0 875OA-6 
0 9411A-3 

0 9571A-1 
0 9571A-2 
0 9571A-3 
0 9862A-6A 
0 9872A-9 

0 10262A-1 
0 10761A-1 

59308A-3 
0 69351A-11693516-1 
0 86242A-36 

0 86252GlC 

0 8625053A 
0 8825061A 
0 8625001A 

0 86250A-3A 

0 B - 3  863306-3186331 
0 863416-3 
0 86342A-46 
0 86342C-16 
0 86350C-1A 

0 86351A-3A 
0 86352A-3A 
0 94151A-1 
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Here’s your chance to share your ideas and views with other Bench Briefs recipients,. In 
Reader’s Corner. we will print letters to the Editor, troubleshooting tips, modification Informa- 
tion, and new tools and products that have made your job easier. In short, Reader’s Comer will 
feature anything from readers that is of general interest to electronic service personnel. 

If there is something you have to share with other Bench Briefs readers, let us hear from you. ’ 

Puzzles often turn up in the strangest places. This one was given to me at a picnic outing I 
recently attended. The solutions are found by matching the numbered statements with the list of 

1) That which Noah built 9) A dog sitting in a refrigerator 

Zn t 
P 
su 1 
ocnemtors. Part number 0841-oo061 should 
be 08641-oo064. 

Also, Me kt issue of Bench Briefs was incor- 
rectly numbered Volume 18 Number 1; it 
should be Volume 19 Number 1. This issue is 
Volume 19 Number 2. 

Sorry for any inconvenience this may haw 
caused. 

Editor 

A. Hypianuse 
B. Fdpgvn 
C. I n d b  
D. Gsometry 
E. Unit 
F. ceatar 
G. Decagon 
H. Arc 
I. Circle 

2) An artiele for serving ice cream 
3) What a bloodhound does in chasing a woman 
4) An expression to represent the lose of a parrot 
5) An appropriate title for a knight named Koll 
6) A sunburned man 
7) A tall coffee pot perking 

10) What a boy doea on the lake when his motor won’t run 
11) What do you call a person who wrote for an Inn 
12) What the captain said when the boat was bombed 
13) What a little acorn says when he grows up 
14) What one does to trees that are in the way 
15) What you do if you have yarn and needles 

J. Axiom 
K. Cone 
L. Coincide 
M. Cosecant 
N. Tingent 
0. Hem 
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