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AC ANALOG
VOLTMETERS

by Harry Logan

AC Analog voltmeters are one of the
most popular electronic measuring in-
struments in use today. They are used
to measure the RMS voltage of the
many waveforms commonly found in
electronics.

This article will provide you with the ba-
sics of AC analog voltmeters. It will
give you a better understanding of
their operation, allowing you to select
the right one for your particular mea-
surement.

The RMS or root-mean-square vol-
tage is measured because this value
gives us the most information about
the waveform. The RMS voltage is
equivalent to a DC voltage which pro-
duces the same heating effect as the
AC signal being measured. For
example, 1 volt of DC across a 1 ohm
resistor will dissipate 1 watt. If we
substitute any periodic waveform in
place of the DC source and adjust its
amplitude so that we again have 1
watt of power dissipated in the load,

then our AC signal has an RMS or ef-
fective value of 1 volt.

In addition to its RMS value, a wave-
form also has a peak and average vol-
tage value. See Figure 1.
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Figure 1.

This sine wave has an RMS value of 1
volt. Its peak value is 1.4 times its
RMS value, or 1.4 volts. Its rec-
tified average or DC value is .636
times the peak or .9 volts in the above
example.

AC voltmeters are designed to re-
spond to one of these three values.
This classifies the meters into true
RMS responding, average re-
sponding and peak responding. The
average and peak responding volt-
meters are designed to measure only
sine waves.

Average Responding

With an average responding volt-
meter, a sine wave being measured is
fed through a DC blocking capacitor,

P =

amplified or attenuated, rectified by
the diode bridge and fed to the meter.
The meter then responds to this recti-
fied average or DC value.

The average value of a sine wave is
zero, so when we say average re-
sponding we mean the rectified aver-
age or DC component after rectifica-
tion. This DC component deflects a
d'Arsonval (moving coil) meter to indi-
cate the RMS value of a sine wave.

See Figure 2.
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Figure 2. Average
responding
voltmeter —

The average responding meter is the
most popular and economical type of
AC voltmeter. Its voltage scale
has been made to indicate the RMS va-
lue of a sine wave. If any other wave-
form is measured, the meter will read
incorrectly. Typical average respond-
ing voltmeters are the HP 400 D/H/L,
403A/B and 400E/EL.
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AC ANALOG VOLTMETERS

Peak Responding

Peak responding voltmeters are also
designed to indicate the RMS value of
a sine wave.

A capacitor in the probe charges
through a rectifying diode to the posi-
tive peak of the applied sine wave.
The voltmeter then responds to the
DC output from the probe.

The peak responding meter has its rec-
tifier in the probe instead of inside the
voltmeter, so we convert from AC to
DC as close to the signal as possible.
Because the cable carries DC only,
cable capacity does not affect the
measurement. This greatly increases
the high frequency response of the
instrument. See Figure 3.

The AC probe can be switched out of
the circuit and the voltmeter can then
be used to measure DC voltages. By
adding shunt resistors and an internal
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Figure 3. Peak responding
voltmeters

DC voltage source, we can also mea-
sure current and resistance. Typical
peak responding voltmeters are the
HP 410B and 410C.

RMS Responding

True RMS voltmeters are unique be-
cause they are the only type that accur-
ately measure non-sinesoidal wave-
forms. They respond to the RMS or
heating value of the impressed signal.
See Figure 4.
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Figure 4. True RMS voltmeter

The input signal is AC coupled, ampli-
fied or attenuated and heats a thermo-
couple. The thermocouple produces a
DC output proportional to the RMS
value of the AC input. This DC voltage
is amplified and deflects the meter
needle to the RMS value. The re-
sponse of the thermocouple is not de-
pendent on the waveshape and thus
true RMS voltmeters can accurately
measure non-sinesoidal waveforms.

A limitation on the waveforms that can

be measured with a true RMS volt-
meter is crest factor. Crest factor must
be considered when measuring pulse
type signals — signals with a high peak
and low RMS voltage. Crest factor is
defined in terms of duty cycle or as the
peak voltage divided by the RMS vol-
tage. See Figure 5.

=Ty o g —]

Epea ;
(REST FACTOR =L o ¥2
Evme
T
PTUTY =
CreLE= =

Figure 5. Crest factor
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Figure 6.

The pulse in Figure 6 has a crest factor
of 8. To measure it accurately, a true
RMS Voltmeter with a specified crest
factor of at least 8 is required. Crest
factor limitation of a voltmeter is deter-
mined by its dynamic range. For exam-
ple, because the pulse in Figure 6 has

RMS VOLTAGE

RMS stands for root-mean-square. We can use this def-
inition to calculate the RMS or heating value of any
waveform. Let's apply it to the 10v p-p square wave of
Figure A. This will give us an insight into the meaning of

RMS.
+z r

‘ Figure A.
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Applying the definition of RMS, we take the square root
of the average value squared.

ERmS = y/(EAVERAGE)? scycle + (EAVERAGE)? hcycle =

-\‘(5)2 e+ (5)2le = \}25

+i0
‘ | Figure B.
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Now suppose our 10v p-p square wave looked like the
one in Figure B. Does it have the same RMS value as

= 5v RMS

the square wave of Figure A? Note that the waveform
is not symmetrical around Ov or ground. This means the
waveform has a DC component, +5v in this case. So
we really have two signals, +5v DC and a 10v p-p
square wave superimposed on it. The square wave in
Figure A has no DC component. Therefore the square
wave of Figure B must have a greater RMS value.
Again applying the definition of RMS we get:

ERms = \JHG)? e+ (02 = \ls =7.07v

Most true RMS voltmeters are AC coupled and would
block the +5v DC component, thus measuring only the
RMS value of the square wave. So when mea-
suring any non-symmetrical waveform (one with a DC
component), we must measure both the AC and DC com-
ponents separately and use this formula:

Erms = -\‘DC2 + AC2

For the waveform of Figure B we would get:

ERMS = \}suss 2 \]5_0 =7.07

This is the same value as was obtained applying the def-
inition of RMS.
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an RMS value of 1 volt, we should mea-
sure it on the 1 volt range. But the volt-
meter's amplifier must also be able to
handle the 8 volt level without satura-
tion even though we're on the one volt
range.

Of course, true RMS voltmeters can al-
so measure sine waves since their
crest factor is only 1.4. See Figure 7.
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Figure 7.

Typical true RMS voltmeters are the
HP 3400A, 3403C, 3480/3484A and
3450A/B.

Distortion Effects

All three types of meters will read cor-
rectly with a sine wave. With a dis-
torted sine wave, only the true RMS
meter will read correctly. The average
responding and peak responding
meters will be in error.

Table 1 lists the inaccuracies resulting
from distortion. The table shows that a
given amount of harmonic distortion
may result in a wide range of possible
inaccuracies, a consequence of the
fact that the phase as well as the ampli-
tude of a harmonic component affects
the readings. This is illustrated by Fi-
gure 8, which shows two waveforms
both with identical amounts of funda-
mental frequency and added 3rd har-
monic. In the diagram at left, the funda-
mental crosses the zero baseline in
phase with the harmonic waveform
and in the diagram at right they are out
of phase.

The peak responding meter would
show a range of readings between “a”

FURTAMEWTRL A
TiRe rnmﬂ.

IH- PUASE THIED HAZMONI UT-0F-FRASE THIED WAFMOURL
Phase of harmonics in
waveform affect shape

and thus the peak value

of a complex wave.

Figure 8.

HARMONIC TRUE RMS AVERAGE RESPOND- | PEAK RESPONDING
CONTENT VALUE (VOLTS) | ING METER (VOLTS) | METER (VOLTS)

0 100 100 - 100

10 percent 2nd 100.5 100 90 to 110

20 percent 2nd 102 100-102 80 to 120

50 percent 2nd 112 100-110 75 to 150

10 percent 3rd 100.5 96-104 90 to 110

20 percent 3rd 102 94-108 88 to 120

50 percent 3rd 112 90-116 108 to 150

Table 1. Measurement errors from harmonic voltages.

and “b", depending upon the phase of
the harmonic. The range of ampli-
tudes that would be shown by the aver-
age responding meter is more difficult
to diagnose, but note that in the left dia-
gram two half-cycles of the third har-
monic add to the fundamental while
one half-cycle subtracts whereas in
the right diagram, only one half-cycle
adds while two half-cycles subtract.
The waveform in the right diagram
therefore has a lower average value
than the left waveform.

Thus, the desired accuracy in the
measurement determines the amount
of distortion, (meaning departure from
true sine wave), that can be tolerated
in the measured waveform. The RMS
voltmeter is unaffected by waveform
shapes excepting, of course, those
cases when harmonic components lie
outside the passband of the voltmeter
circuits or beyond the crest factor.

The RMS responding meter is espe-
cially useful, for example, in the moni-
toring of the line power fed to a resis-
tive load where the line regulator dis-
torts the waveform; another applica-
tion is measurement of the frequency
response of a communication system,
where modulation and demodulation
processes may be non-linear to an un-
known degree. Again, the average re-
sponding meter tolerates relatively
large amounts of distortion, while the
peak responding meter is most sensi-
tive to distortion.

Voltmeter Accuracy

The accuracy of AC voltmeters is often
specified as a percentage of full scale.
For example, if our voltmeter is speci-
fied as 1% of full scale and we are on
the 100 volt range, any measurement
would be in error by *=1% of 100 volts
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or =1 volt. If the input signal were 10
volts, it would be measured with =1
volt, an accuracy of =10% of our read-
ing. However, by downranging to the
10 volt range, the measurement can
be made to +1% of reading. For grea-
test accuracy, we should make our
measurements as close as possible to
full scale.

There are other items that contribute
to total error. Refer to the operating
manual for your voltmeter's accuracy
specifications.

AC Measurements with a DC
Component

Another accuracy consideration when
using AC voltmeters is whether the sig-
nal contains a DC component. For ex-
ample, if we wanted to measure the
power dissipation in the load resistor
in Figure 9, we must consider both the
AC and DC voltage components.
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Figure 9.

Since the AC signal is a square wave,
we have to use a true RMS voltmeter
to measure its RMS value. However,
most meters are AC coupled so the
DC component is blocked. We
must include this DC portion of our sig-
nal to get the total power dissipation. A
DC voltmeter must be used to mea-
sure the DC component. The RMS val-
ue of the waveform can then be calcu-
lated using both meter readings and
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the formula: Eqys =, ’(DC}E + (AC)?

The trend in voltmeters is toward digi-
tal readouts. Some digital voltmeters
can be direct coupled when measur-
ing an AC signal with a DC compon-
ent. This allows you to make the
above measurement without any cal-
culations.

SUMMARY AND HINTS

I. Peak and average responding AC
voltmeters accurately measure pure
sine waves only. The more we deviate
from a pure sine wave, the greater the
error. Peak responding are affected
the most by distortion. As a rule of
thumb, average responding meters
can tolerate up to 10% harmonic distor-
tion and peak responding 5%. True

RMS meters
by distortion.

2. RMS voltage is measured
because it gives us the most informa-
tion about the waveform; it is equiva-
lent to a DC voltage which produces
the same heating effect as the AC be-
ing measured.

3. For a quick workbench check of
your AC voltmeter, you can use your
scope's square wave calibrator out-
put. For a 1v peak to peak signal, the
true RMS meter will read 0.5v; the
average responding 0.55v and the
peak responding 0.35v.

4. Peak responding voltmeters can
measure the highest frequencies, typi-
cally up to 0.5 to 1 GHz.

5. If you measure pulses, know the

are unaffected

crest factor limitation of your volt-
meter.

6. Any time you measure a signal
that is non-symmetrical, you must
measure both the AC and DC compon-
ents and compute the RMS value from
this formula:

Erms = 4/ (DC? + (AC)
7. For maximum accuracy, use your

voltmeter as close as possible to full-
scale deflection.

Reference material for the article included
HP Application Note 60 “Which AC Volt-
meter;” HP Application Note 124 “True
RMS Measurements;” and HP Videotape
No. 800308 Opt. 605, “Choosing the Right
AC Voltmeter.”

SCALE FACTORS

The reason peak and average responding volt-
meters are accurate only on sine waves is because of
the scale factors designed into them. Consider the
waveform in Figure A. An RMS responding voltmeter
will measure the true RMS value of 10 V and it will de-
flect the meter to 10 v (that is, its scale factor is exactly
1.0). A peak responding meter will respond to the 14 v
peak but will apply a scale factor of 0.707, and therefore
it will also deflect its meter to the desired 10 volts read-
ing, (14 x 0.707 = 10). An average responding meter
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Figure B. 10V Square wave

Figure A. 10V RMS Sine wave

will respond to the 9 v rectified average value and mul-
tiply by its scale factor of 1.11 to read 10 volts. There-
fore all three meters read 10v for this sine wave, which
is correct.

Consider now the waveform in Figure B. An RMS re-
sponding meter will measure and display 10 v, which is
the correct RMS voltage for this waveform. A peak re-
sponding meter will respond to the 10 v peak but will
still apply the correction factor for a sine wave of 0.707
and thus display 7.07 v. An average responding volt-
meter will respond to the rectified average of 10 v but it
will also apply its scale factor for a sine wave of 1.11, dis-
playing 11.1 v,

Since peak and average responding voltmeters are
designed to measure sine waves, each has a scale fac-
tor for sine waves. Measuring any other wave shape re-
quires a different scale factor and therefore these
meters read incorrectly.

Harry Logan
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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 ap-
pears that this part is manufactured by
one of the large semiconductor manu-
facturers. Service personnel often ask
why only HP part numbers are listed.

It is recommended that HP replace-
ment parts be used to ensure that the
original performance of the product
will be obtained. While some parts
used in HP instruments are identical to
that which can be purchased at a local
electronics distributor, many times
parts will be selected for certain charac-
teristics, such as gain, bandwidth, ca-

pacitance, etc. There may also be
slight mechanical differences, such as
the shaping or length of leads. In some
cases special quality checks are em-
ployed to ensure that high reliability
parts are used at the factory and at HP
field offices.

Therefore, we suggest obtaining re-
placement parts from HP to maintain
the quality that you have paid for in
your instrument. There may be situa-
tions however where HP replacement
parts are not in stock and substituting
parts will allow you to return the pro-
duct to service immediately. 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 installed at some later date.

To help you in these situations, here's
a cross-reference of HP part numbers
to JEDEC numbers for transistors and
diodes, plus a listing of manufacturer
and manufacturers' part numbers for
ICs. While every attempt was made to
ensure the accuracy of the list, it is ad-
visable to compare the description of
the device being replaced with the de-
scription of the substituted part. For ex-
ample, if the service manual describes
the device being replaced as a “dual
J-K flip-flop”, check this against the
description of the replacement part.

HE P/N JEDEC NO. 1850-0096 ==
1A50-0089 ==
0122-0004 == IN&ROS 1850-0103 ==~
0122~0005 == 1N&4A10 1”50-0107 ==
0122=0017 == 1N&AD4 1A50=0108 ==
0122-0025 =-- 1N&R]1LA 1A50=0109 ==
0172-0062 == 1NS4ARA 1850-0110 ==
0122-0070 == INS456A 1850-0111 -~
0l122-0245 == 1IN5139 1R50-0112 --
0l122=-0246 -- INS139a IR50=0113 ==
0122=0247 == INS5140 1AS0=0114 ==
0122=0248 == INS140A 1850-0119 ==
0122=-0249 == |NSl4]) 1A50-0174 ==
0122-0250 == INSl4la 1850-0126 ==
P122-0251 -- INSl42 1850-0127 --
n122=-0252 == 1INSl42a 1A50-0128 --
0122-0253 == INS5143] 1A50=0129 ==
0122-0254 == 1NSlaia 1A50-0132 ==
0122-0255 == 1INGlad 1A50=0137 ==
0122-0256 == INSlaka 1850-0139 --
0122-0257 == 1IN5]uS 1850-0140 ==
0122=-0258 == INS]1454 1850=0145 ==
0122-0259 == 1INGl4k 1850=0146 ==
0122-0260 -~ INSGl4b6A 1A50-0150 --
0122-0261 -- INS147 1A50~015] ==
0122-0262 == INS5]147A 1A50-0154 --
0122-0263 -=- INS]4A 1850-015R ==
0122-026&4 == INS14AA 1A50-0160 --
1850~0003 == 2N|S16 1A50=0166 ==
1850-0017 == 2NG25 1850=-0170 --
1R50=0019 == ZNARGS 1A50=-0172 ==
1AS0=-0020 -= 2N11473 1850=0173 ==~
1850=-0021 -- @N&a] 1A50-01768 --
1B50-0027 == 2N1S516A 1850-01°0 ==
1850=003]1 == 2N526 1850=018] =--
1A50-0032 == 2NuD4 1850-01P2 --
1850-0017 -- 2N274 1A50-012% --
1A50-0041 == 2N3R4 1R50=0150 ==
1RS50-0047 -= 2ZNSAR2 1A50=-0192 =--
1AS0=0048 == 2ZN&SO 1A50=0154 ==
1R50=-0049 == 2NIDORA 1250-0195 =--
1850-0051 -- 2N1500 1850=0198 ==
1850-0052 == 2N59A 1850-0199 ==
1850-0054 == @2NASZA 1A50-0200 ==
1850-0064 == 2N11B3 1850=0407 ==
1850=0065 == 2N|370 1850~0403 -~
1R50~-0066 -=- 2NT00 1A50=-0404 ==
1RS50-0067 == 2N1495% 1850=0405 ==
1A50-0070 == 2N1373 1950=0406 ==
1850-0073 -- 2N1204 1A50~0409 -=
1850=0074 == @2N1396 1A50=0617 == ®
1R50=0075 == 2NT794 1RS0=041A ==
1850-0076 == 2N255A 1850~0&417 ==
1A50-0082 -- 2M13613 IRE0=041R ==
1850=00R7 == 2N]S4& 1A50=0419 ==
1R50-0090 -- =2N]1B3A8 LARS0~-043] =--
1A50=-0091 == >N204H 1AS0=06G3T ==
1850-0082 =-- 2NPO43 1AE0=043A ==
1850-0083 == >N]14994 1851-0006 --
18500064 == 9N]I60 1851=0017 ==
1850-0085 == 2NPOTA 1851~0024 ==

1r=l-0025

ANPL1BS -=  PN17106 1853=0310 == 2N4398 18564=0214 == >N}4Be
INGAG 1A51=0031 -= P2N1~DS 1853=0311 == 2N379¢2 1854=0215 == #2N3504
2NP190 1A=1-0034 == 2NIADSA 1853=03 |4 == 2N290%A 185%4=0216 -- 2N344]
FNIFAA 1951-0038 -= 2NT)?1 1853-0320 -=- 2NaD32 1854=0217 == PNIG4Z
PN2TT 1A=1=004]1 == 2N24730 1853=01322 == 2N2946A 1H54=0218 == PN1I353
PN23T74 1853=0006 == PNI14 1853=0323 -- 2Ne900 1854=0219 == 2N3IK6]
aN&DL 1A=3-0007 == 2NapSl 1B53=0327 == 2NZSuuh 1854-0220 -- 2N3959
PNADGA 1853-0008 == 2NA2S0 1853-0328 -- 2Ne2ll 1B54=0226 == 2N&3dés
2N2001 1A53-0012 == PNPgQ4A 1853-0340 -- 2NSHB4 1854=0231 -~ =2N368SE
PN199T 1AS3=0013 == ?NPa04 1853=0342 == #2N5G56 1854=0233 == 2N3866
AN1905 1RS3=0016 == 2NII04 1853=0344 == 2NSBTH 1854=0234 == 2N3440
NGAT 1R=3-0015 -- #2N3440 1H53=-0349 == 2N5333 1854=0235 -- pNl&Hs
NLkA 1AS3=-0016 -- *2N3418 I1#53-0351 =-- 2Nb0Sd 1854-0237 -= PN3T38
PNPRGY 1R53-0019 == 2N111L 1R53-0360 -- 2N3T99%a lAS4=023A == pN3IY3I3
PNS194A 1R53-0023 == *2N1703 1853=0362 == 2Nb053 1854=0242 == PN3262
2N3988 1853=-0028 == PNIADN4 1854=0004 == 2NT&3 1854=0248 == #oNIe43
AN]1S41 1A53=0029 == ®2NI702 1854=0005 == 2NTO8 1854=0248 == JNal4s
2N1540 1A=3-003]1 == PNI7RY 1854=0006 == 2N708& 1854=-0252 == 2N3T12]
PNSTH 1853-0033 -=- pPN3I(B 1B54=0009 == 2NT09 1854=0255 == ®>oNI6L2
N1379 1853-0035 == #2NYG06 1854=-0010 == 2NB34 1854=-0259 == 2N3TE6
PN1533 1853-0039 == #2N1471R4 1854=0011 =-- 2ZnB3S 1854=0260 == 2N322T
PN1926 1853=0045 == 2N&)IA 1854=0013 == 2N2218A 1854=0263 == 2N30L9
PN1S01 1AS3=0046 == 2NI2I5() 1854=0017 == 2NT086A 1854=0264 -= 2N3TIS
2N1358 1A53=-0051 == 2N&n3? 1854-0021 =-- 2Nvl8 1AR4=0270 == #*2N4PAS
PN1309 18=3=-0052 == PNIT40 1854=0027 == «2N2T714 1R54=02TA == 2W33I02
>NS08A 1AS3=0057 == IN% 1854~0029 == @2N2712 IAS4=028]1 == 2NP194
NP6IS 1A=3=005R -~ ®2PNIrbLb 1854=0032 -- 2N2221 1864=02A02 == 2NISA]
PNP14T 1AS3=0059 == 2NITR] 1854=0033 == 2N3391 1854=0286 == DPNRP1T7
PN71B8 1953=0062 == #2MIALE 1854-0036 -- 2N2958 1AE4=02AT == PHNBIS
3N1377 1853-006K == #2NLDED 1854=0039 -- 2N3054 1954=0289 == 2N770
PN2996 1A53=0069 -= =2N&122 1854=0048 == 2N2RS57 1AS4=0301 == 2NI2R1
2N1307 1853=0071 == 2N1494 1A54=-0050 =-- 2N5]6 1854=-0302 == #2N1405
PN1038 1853=-0072 == PN&nl4 1P54=0053 == 2NP21R 1RS4=0304 == 2NPLR3
2N13T0 1853=0076 == #2N&0OK2 1°54=0054 == 3NI]I9 1854=0308 -= »NIES]
APNPS52 1A53=0077 == ®pN&L249 1854=0057 -- 2N3IA55A 1854=0311 == PN4Pal
AN13T7R 1A=3-00A0 == ®*PMupRRA 1540060 == 2NIS6S 1854=0313 == 2N1771
2M1545 1AS3=008] == ®*2N4?S5R 1954=0062 == 2N]1T701 1BS4=0315 == 2N1833
aNPL3R 1953-0084 == ?N&a]R 1854=00€3 == 2N3I0SS l54=0323 == 2NPHST
2N1614 1A53=-008K == #ANSOAT 1AS4=00ka == 2NIT10 1854=-0324 == 2N3739
2N1S23 1AS3-p0AY == 2NwuG17 1954=006K == 3NPO2S 1A564=0325 == 2N3478
FN19T0 1A53-0098 -~ e2NGORG 1854=0067 -= 2NP102 1854=0327 -= =2N% 16
2NP156 1AS3-0100 =-- #2N&355 1854=-0072 == 2N3054 1854=0345 == 2NG|T79
AN3325 1RA53=-0204 == 2NL9?2Q 1R54=007/ -—— 2N]1973 1854=0U3%T == 2Ns923
ELAEY B 1853=-0205 == 2N2907 1854=0079 == 2N3I439 1854=-0349 == 2N2¢13
2NITHA 1RG3=0206 == 2N&{2A 1854=0081 == pN3TI1L 1854=0350 == 2N17244
PN 1558 18530212 == 2NS1%4 1854-0084 -- PN3232 1A54=0452 == 2N2405
2N1305 1853=0213 == 2N&2k 1854=0087 -- *2N34l7 1854=036) == 2Nu2
ANI21S 1R53=-0221 =- P?NS4l6k 1854=00%2 == ®#3N3I563 lAv4=-0363 -= 2NS262
PN1TARD 1853=0222 == PN&49]9 1854=0093 == ?2N3sl5 1A54=0365 == #2Nasll
PN2EAG 1AS3=0223 == 2N4OO? 1854=0094 == ®2N3bGb 1854=0368 == 2NG191
ZN2T0 1RS3=0236 == 2NG197 |B54=00%6 == 2N3al5 1854=0370 == 2NG5294
N3al 1853-0258 -= 2n4(3S 1854=00598 -- 2N3392 1854=0371 -~ @2N3391
PNBa? 1853=p264 == ®2NS4DL 1854=00%9 -- *>N3193 1AS4=03TH == 2N5109
2NADD 1H53=-0269 == 2N3B0Y 1454=0201 == ®#pN3ITLA 1AS4=0379 -- 2N&P98
N20T 1853~-0277 == 2N995«¢ 1854=-0202 =-- *pN3390 ld54=0382 == 2ZNulsd
PNLRTT 1B53-0280 -- 2N519% 1854=0203 == *2N3694 1H54=03H4 == 2NG|HG
2N2RAZ 1853=0281 == 2NZ290/7a 1854=0209 -- ?NSLO 1854=-0386 == 2N5QT70
PH2NLRA 1853=0245 == ®2N3638 1850=0210 == (2N2222 1A54-0389 == 2Nwu22
PNY&GA 1853-0293 == 2N5583 1854=-0211 == 2N2501 1RS4=0390 == 2N51B1
2N1 04 1853=-0303 == 2N5%5b 1854=0212 == 2N2HIT I1n54=02392 -= =2NS(0RH
PNIARA 1853-0305 == 2N587% 1854=0213 == 2N2538 1854=0397 == 2Nu996
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REPLACEMENT PART CROSS REFERENCE

e=ELECTRICALLY EQUIVALENT TO JEDEC NO.

(LEAD FORMED ONLY)

1854=0398 == 2N53101 1855=0357 == O3Nl&2 I901-0032 -=- 1N32Q9% 1901-0655 -= INJ2FUR 1902=1174 == IN4l0O&
1854=0399 == 2Nu912 1855=037L == 2N&09e 1S01=00%8 == 1N3210 1901=0678 == LN3BYYR 1902=1175 == IN&lO7
LH54=0409 -= 2N5210 1855-0379 -- 2NS4Ts 1931=0057 == [IN2525% 1901-0684 == |N3IBYOR 1902=1176 == |NelOH
1854=0411 == 2NPa72 1855=0380 == 2N&351 1901=-UUSH == INRPA 1901-0691 == 1N4G34 1902-1177 == 1N&l09
1a54=041k == 2NILP6 1R55=0386 == FN&dYE 1901=0059% -= INAKPY 1901-1015 == LN4531 1902-1178 == 1N&ll0
1854=0418 == ®2N3563 1855-0387 == 2N3993 1901-0000 == INL116 1901-1052 == IN4l154 1902-1179 == INalll
1854=043]1 == 2N5179 1855=035%0 == pN33B2 1501=u061 == 1INH1S& L901-1058 == |INi1B6 1902=1180 == 1N&lll
1854=04132 == 2NIKLE 1A55-0353 -- 2N3330 1501=0062 == IN]5A3A 1901=1065 == IN&433& 1902=118]1 == |Ns5113
1A54=0453 == 2N5|32 1A55-0358 -= 2N5519 1901=0071 == 1INAPS 190i=1080 == 1INS5B17 1902=-1182 == IN&ll#
1854=0456 == 2N5496 1855=0400 == 2N5505 1901=-0le9 == 1NkaT 1902-0003 == INTS544 1502-11B3 == 1N&llb
1854=046T7 == 2PN&su(l 1855=0402 =-- PN5115 1901=0132 -- INAED 1902-0018 == LNS9&] 1902=1184 == INallb
1A 4=04Ti == #INGS5] 1855=0414 == 2N&333 1991=01591 == (N22ac 1902-0021 == [INZ2992RB 1902-1185 -- INall7
1A54=04T6 == PNIHTI 1855=0420 == 2N&39] 1901=0164 == 1N4721 1902=-0028 == LN29994 1902=-1154 == IN2976H
1854=0477 == 2N2P224 1855=0u2l == 2NS1l4 1901=0305 -= ]1N2158 1902-0030 == 1N3028H 1902=1195 == IN1362
1B54=04TH == 2N4lu4b 1BB4=0002 == PNedda 1901=0306 -=- INZ|ISBR 1902-0033 =- 1NH2] 1902=1156 == IN3U4TA
LAS4=0518 == 2NSBTT 1884=0003 == 3NSH 1801=0307 == IN3I2H9 1902=-0035 == IN3008B 1902=1158 == |N2973b
lu5%#=0519 == 2N3T7T2 14B4=0004 == 2N1S95 1901-030R == IN3IPAIK 1902-0039 -= IN1597A 19042=-1199 == INIrD4A
1B854=0534 == 2NSB34 1AB4=0010 == 7Nall0 1901=0309 == IN1347A 1902=-0088 == 1IN3003H 1902=1200 == 1NPSROH
1854=054T == 2N3T725 l884=0012 -- 2N35Z8 1901=0310 == IN250C 1902=0089 == IN3004B 1902=1201 == 1N3IQGHA
1854=0548 == 2N59b4 1884=0015 == 2ZN6HS 1901-0311 -= INY260R 1902-0094 == INTO5A 1902=1203 == INPGT4HA
1B54-0556 == 2N&237 1BH4=0ULE == PN&HA 1901=0312 -- IN126&2 1902=-0095 == INT46 1902=1204 == (N2GH4H
l454=-0557 == @2N2ed2a 1884=0018 -=- PN4lde 1901=0313 == INIP6ER 1902-0105 == IN4&B 1902=1205 == INPST9RH
1854=0568 == 2NSHaSA 18B4=0019 == 2N3669 1901=0314 == IN1206A 1902=0111 == INTS3A 1902-1213 -= IN303TH
1854=0570 == @2N51HY 1884=-0021 -- 1NBI 1501=0315 == IN11R3A 1902=-0156 == IN294d6H 19u2=1215 == [INP9A4H
1854=0572 -- 2N5BUS 1884=0022 == ?Nalie 1501=0316 == 1IN11R3AR 1902-0157 == IN2620 1932=121% == [NQIHA
1854=0576 == 2N6254 1884=0023 == 2Nuly0 1901=0317 ==  [NM11B4aA 1902-0166 == IN298bH 19602-1218 == 1N2GY2
1854=0577 == @2Nb25% 1884=0026 -- 2NZ322 1991=031B == IN]11B4aH 1902=-0178 == IN3004RA 1902-1219 == IN29B0RH
1B54=0586 == ¢ZNS424% 1884=0027 == P2NITTLA 1801=0319 -= IN]1R6AK 1902=0183 == INZ995H 1992=1223 == |NP9B2KH
1HS4=0590 == 2N3054 18H&=0028 == P2N]1T74 1901=0320 == IN11ART7A 1902=0191 == INZFTIRB 19G2-1225 == INPSTIRA
1HS54=05986 -= 2NG&Z2T 1884=-0040 -=- 2N2024 1901=0321 == IN11RTAR 1902=01%93 == [NY79d 19ye=-1226 == [N3G9bA
1854=0597 == 2NH944 1884=-004% == PN&10E 1901-0332 == INIZBG 1902-0205 == IN9T3A 1942-1228 == INP9BERH
1H54=-0598 == 2N6249 1884=0051 == 2N1B46E 1901=0333 == IN37136 1502-0245 == 1Nu09v 1502-1225% =- 1N2979
1H54=0599 == @2N&0Ts 1A84=0065 == ZNIGTO 1901=0336 == [N3I736K 1502=-0266 == 1N& 105 ls02=1232 == |INIGSTR
1854=0600 == ZN&2id 1984=0086 == PNa443 1901-0335 == |N3736 150£-0%09 -=- 1NH23 15p2-1234 == 1N4QQO0A
1854=061]1 == 2N&055 1884=0070 == 3NMBIL 1901=0337 == IN3P&lLR 1902=0522 == IN5340d8 1902=1244 == 1N30Q34H
1854=0613 == 2NLTO0L 1884=0071 == PN4lBH 1901=0338 == IN1261 1902=0528 == IN55Z40 1992=1245 == [NT752A
1B54=-0623 -= 2Nbl0b 1884=0074 == 2N5060 1901=0343 == [NIaSIk 1902-0549 =-- IN53654 19y2=1244 == INT5Y
1854=0624 =-- 2ZN&30H 1BHa=0080 == 2NG445S 1901=0346 == IN3IP09F 1502=-0569 == INS&l 1802=1259 == |INS3ISTH
1854=0637 == 2N2Z19A LABue=0062 == PNada4l 1901=-0370 == 1N4530 1902-0581 == IN944 1902-1260 == N5525C
LA54=0639 == 2N617d 1AR4=0088 == 2N3ZZH 1901=0383 == 1IN?5&S 1902-0625 == INB29 1902-1276 == 1NPRO9B
1H54=0643 == 2N35H% 1884=0091 == 2N&990 1951=0398 == |M214H 1502=0630 == (NS236d 1902=1278 == INS348H
1855=0001 == 2NI&6TILA 1AB4=0201 == »N5001 150l=0a06 == INI&Yl 1902=-08631 == |IN53518 1902=-1288 == |N5342H
1855-0005 == ¢2N3adb 1884=0204 == PNS168K 1901=0409 == INaTl9 1502-0832 == IN53548 1902-1288 == INS3S58H
1855=0010 == 2N26at 18B4-0209 == PNS445 1904=0410 == INa720 1902-0680 -- INBET 1902-1290 == 1N53B4A
1855=0021 == 2NI16718B 1RA4=0211 == 2N51T71 1901=04l2 == |INuT22 1902=-0686 == 1NB23 1902-12%91 == INS338B
1A55=0027 == 2Nz6al 1884=0213 == 2Nas4l] 1901=04li == 1INaT24 1902=0759 == IN29838 1902-1292 == IN5372H
1855=0040 -- 2N381Y 1884=021H == 2N544b 1901-0421 == IN320M 1902=-0761 == 1NBZIL 1910=0002 == INIHB
1855=0052 == 2N&360 |BB4=0219 == PN3IBGY 1901=0422 == IN3211 1502=0763 == [N2163A 1910-0003 == 1NSS54A
1A55=0055 == 2N&33y 1900=0001 == NZ18 1901=0423 == IN32l2 1902=0772 ==~ 1N935 1910=-0014 == 1INPT7T
1855=0056 == 2N&3ag 1900~-000& == [NT6H 1901=0424 == IN3a9 1902=0777 == 1NBZE> 1910=-0023 == INP70
1855=0065 == ZN&4BYL 1500=0005 == (NBZ 1901=0425 == 1IN3494 1902=0785 == INS36 1910=0024 == IN19]
1855-0077 == 2NI6TIC 1900-0006 == 1N&led 1901=0426 == IN3&94 1902=0786 == 1N93T 1910-0025 == NG9S
1855=0081 == 2N5244% 1900-0007 == |N26 1901-0427 == 1N34S5 1902=-0787 == 1N93B 1510=0031 == ]N3&A
I1H55=0099 == 2NaB854 1900-0008 == INS3 1901-0428 == IN365Y 1502-0788 == |N3154 1910=0033 == 1IN279
LH#55=020% == 2N4B5e 19G0-0009 == 1NalSH 1901=0429 == IN36bU 1502=0789 == IN3L55 1510-0039 == 1INS5A
1855=0301 == @2N519¢ 1900=0010 == INZ1HMR 1901=0430 =~ IN366] 1902-0790 == 1IN3156 1910-0041 == |IN2326
LH55=0305 == 2ZNall7A 1960=0011 == IN&L]1KHM 1901=0631 == |[Nl&&E 1902=0791 == |NG42 1911-0001 == 1IN9]
1855-0306 -- 3NLZ2B 19p0=-0012 == IN2H 1901=0432 == IN36AK3 1902=0792 == ][N9&3 1912=0002 == |N3T716
1855-0307 =- 3NI54 1900-0015 == 1MN&lBC 1901-0478 == 1N3G54 1802=-0793 == (NG44 1912-0006 == [H3TIA
1855-0309 == 2Nal5¢ 1900=0ul6 ==  IN4s(3 1901-0491 == |IN&aT24 1902-0795 == |N992H 1912=0007 == [IN3IT14
1855-031% == 2N6027 1S00=0017 == INPIH 1901-0492 -= INS00C 1902-0796 == 1N9B9H 1912=0009 == IN3712
1855=0322 == 2NS1US 1900=0018 == INZ3C 1901=0493 == [Na725 1902-1169 == 1N4100 1912-0014 == 1N3720
1A55=0327 == 2Nusals 1900=0019 == ]INH2] 1901=0494 == INS003 1902=1170 == 1N&l0l 1912=0015 == IN3T17
1855=0332 -- 3Ni38 1900-0020 == 1INTHA 1901-0511 == IN3BHYK 1902-1171 == IN&l02 1912=0016 == IN3713
1AS5=034]1 == 2Nelis 1901=0002 == IN1200A 1901=0536 == IN3289R 1502=1172 == INalud 1912-00147 == [IN3719
1B55-0346 ~-- 2N602H 1501=-0005 == INKOAA 1901-0578 == INlld4R 1902=1173 == |N&lD& 1912-0019 == IN3T721
WS- Abbrevistons National NATL  Sprag SPRG
. % prague
Amm"'”d ::Il“'“ g“;""” :mf’ Lyl MaNEImIRS, N0 gt ::f" Precision Monolithics ~ PMON  Stewart Warner sw
T e e PRy Fairchild Semiconductor  FAIR BRSO B e Raytheon RAY Sylvania _ SYLV
Analog Devices, Inc. ANAL General Electric GE national, Ltd RCA RCA Teledyne-Philbrick PHIL
Computer Microtech- CMT General Instrument Gl Monolithic Memories, MMI Signetics SIG Teledyne Semiconductor TELD
nology. Ine. Harris Semiconductor HAIS Inc. Silicon General SGEN Texas Instruments T
Teledyne Crystalonics ~ CRYS Hybrid Systems Corp~ HBC Motoroia Mer Siliconix SILX Transitron TRAN
Dickson DICK intech, Ing INTC Mostek Mos Salitron SOLT
WP PN MFG  WFG P/N 1816=0217 INSL IMS610CPE 1820-0063 T1 5NT4 51 N 1820-0072 711 SNT4 50 N 1820-0078 SIG  SP b20A
1816=0348 HMEM MM&6I30 HOT MCT&  SIF Mot MCT4 SOP 1820-0081 FAIR 9 |1 HC
1816-0355 MOS Mk 2302P NATL DM74  SIN NATL [MT4  SpN 18200083 T] SNTS lOL
1B1B=-0061 MNATL HMS2ulaBLN 1820-0065 T1 SNTe  TO N FAIA T4  SO0PC 1820-0084 TI SNTR 83 N
1813-0012 VDYN OAC-11281 1820-0044 GE RALA 1820-0067 SIG  SP 631A 1820=p074 Ty SNT4  S4 N MOT  MC74  53P
1813-0015 INTC A-2419 1820-004b RCA  CA3005 1820-0068 T1 SNT4 10 N MOT  MCT74  54P MATL DM7&  S3N
1813-0016 BUB  3112/12C 1B20-0047 RCA  CRI0LO0 MOT  WC74  1OP 1R20-0075 11 SNTR  TAN 1820-0085 T SNTe 6O N
1813-0034 INSL [HS010CPD 1820-0050 MOT  MC 15306 NATL DM?&% 10N Ll MCT4  13P MOT  WET4E  ADP
CRYS [HS010CPD 1820-0051 FAIR 782 HC 1820-0069 T1 SNTA 20 N NATL DM?4  TIN 1820-0086 T1 SN1SA IDN
1813-0036 HBC DACIT2-12-BCD  1820-0052 FAIR § 23 EC MOT  MET4  20P LA20-0076 T SNTs T N MOT  MC  a30P
1813-0039 ZEL  IDasl 1820-0054 T1 SNT& 00 N NATL DOMT& 20N MOT  MCT74  T6R FAIR & 30 DC
1813=0060 ZEL  ZD440 MOT ~ MCT4  0OP 1820=0070 71 SNTA 30 N NATL DMT7a TGN 1R20=00A7T FAIR § 50 DC
1813-0041 NATL LHO0A2CH NATL DMT4  OON MOT  MC74  3OF FAIR T4  THPC MOT  MC  ASOP
1813-0048 AMAL TSIN IR20=0055 TI SNT4 50 N NATL DMT74 DN SI6 NTA THa 1820-008A ™O0T M™C ASIP
1813-g045 TELD 2740CE NATL DM74 SON 1B20-0071 T1 SNT4 40 N 1RZO=-0077 T1 SNTa T4 N 1 SN1SA SIN
1816=-0015 HRIS HPROM]024 HMOT  MCT7& 9P MOT  MCT4 40P MOT  MCT4 74P FAIR 9 5| PC
1816=-0016 HHMEM MMAa33] 1820=0056 TI SHT4 B2 N NATL DMTa  &OMN NATL DMT& Tan 1620=0094 TI SN15H &6N
1816-0053 INSL IMS600CPE 1820-0058 FAIR 709 HC FAIR 74  40PC FAIR T4  T4PC MOT  MC  HabP
1816=0129 MHMEM MM5I00 NATL  LMTO%C 516 MTa “OA SIG M7 Tad Fale 9 &6 PC
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REPLACEMENT P,

RT CROSS REFERENCE

1820-0095

1R20-0094

1820=-0099
18z20-p100

1820-0101
1820-0102
1820+0106
1820-0106
1820-0110
1820-0111
1820-0113
1820-0121
1820=0122

ia20=0123
1820=-0125

1820-0127
1820-nl128

1820-0129
1820-0130
1820-0131
1A20-0132
1820-01734
1820=0137
1820=0138
1820=0140
1820~0141
1820~-01062
1820-0163
1820-0144
1820-014%
1820=0148
1820-0147
1820-0157
1820-0158
1820-0160
1820-0162
1820-0174

1820=0175

1820-0180
1820-0181
1820-0186
1820-0187
1820-0192
1820-0195
1820-01%6
1820-0197

1820-0200
1820=0201
1820=-p202

1B20=-0204
1820-0205
1820-0207

1s20-0208
1820-0211
ia20-p212
1820-0213
1820-0214

l1a20-0218
1820-0223
1820=-0224
1820=-0231
1a20-0233

1620-0225
1820-0238

1820=-0239
1820-0247
1820-D249
1820-p252
1820~0253
1820=0256

1820=0257
1820=0p258

1820-0259
1820-0260
1820-0261
1820-0262

1826-0269

1820-0270
1820=0272
1820=0273

1820-0274

1820-0275
1820-0278
1820-0277

M ALBP
SN15H &RN

9 48 PC

ML A32P
SH15A 32N

9 32 DC
SMT4 93N
DMT4 93N
SNT4 alaM
DMT4 & LAN
MCTa  &14F
ML 1034P

MC 1013F
LH201H

MC  H16P

§ 53 bOC

93 01 oL
TOAITOSV
NATGOA

MC 853F
90930C
LM300

711 HC
LMl
Fg02nc

9 3rDc
SN158 3TM
MC  83TF
90030C
90040C
S0050C
50140C

91 00 OC
CA3028B

552

MC. 3026P

MC 3001F

MC 100&P

MC LQ2TP

MC 1018P

MC 1O10P

MC 1017

MC 1007P

MC 1023P
LM3g2

TE 04 KC
LWT7 09

SNT& 0& N
METL  D&p
DM74 D&M
T oaPC
NT& Oun
SNT& 0s
Té osSPC
MC LolSeP
MC 14330
98 56 DC
98 52 bc
cadeol
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MC 3006&F
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96 0l PC
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wn
z
-
-
-
-
™
z

1810PC
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LM305
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MC  BSTP
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ML BalP
MC  B3SF
sN74 121
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SNT4 03 N
T4 03PC
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MC loz2P

MC 1AQ6F

SW |H06M
1806PC

MC 180AF

SW 1B0AM
1808PC

MC 1039F

mC 1033P

WE 1460R

1R20=027%
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1820-0282
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1820=0288
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1820-0298
i1B20-0301

1820-0302
1R20-0303
1820-0304
1R20-0305

1820-0306
1820-0307

1820-0308

1820-0309
1820-0310

1820~0313
1A20-0316
1820-0317
1820-0314
1820-0319
1820=-0320
1A20=0321
1820~0322
1820-0323
1820-0324
1820~0325

1620-0326
1R20-0327

1820-0328

1820=-0341

1R20=0342

1820-0348

1R20-0348

1R20=-034%

1820=0350

i820-035]

1820-0352
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1A20-0371
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1820-0375

1820-0374
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SNT& S54aN
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SNT& 96 N
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SNT&4H 00 N
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HC 3006F
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SNTeH 21
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SNT&H 30
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TeH &OPC
SNT4H 50
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TaH S52PC

z
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z

z

z
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z

1820-0380

1820-0381

1820=-0382
1820-0382

1820=-0384

1820-0385

1820-0384

1820-0387
1820-03%1
1820-03%6
1820-0397

1820=03%3

1820-0400
1820~-0408
1820-0&10

1820-0411
1820=0617
1B20=04al8
1820-041%
1820=0424

1B20=0425
1BE0=0m27

1820=-0429
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1A20=-0437
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1820=0455

1820-0456
1B20-0a57
1820-pase
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1820-04T70
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1820-0510
18200511

l1820-p512

1820=0513
1820-0514
1820=-0515
1820-0516
1820-0517
1820-0518
1820-051%
1820-0520
1820-0531
1820~-0535

1820~0536
1820=0537

1820=0538

182¢-0539
1820~0542
1820-0543
1820-0544

1820=0545
1820-0546
1820~0567
1820=-0568
1820=0569
1820=05Ta
1820=-0575
1820-0577

1820-0578
1a20-057%

1820-0581
1820-0582
1820-p583
1820-0584
1820-0585
1820-0586
1820-0587
1820-0588
1820=0589
1820=0590
1820=0591
1820-0592
1820-0593
1820-05%4
1520=-0595
1820-059%
1820-0597
1820-p598
1820-059%
1820=-0800
1820-0601
1820-0602
1820-0803
1820-0604
1820-08605

1820=0606

1820-0607
1820-0608
1824-0509
1820-p610

1820-0811

1A20~-0412
1820=p&13

1820=0614
1820-0615

1820-0616
1820-0617
1820=-0518
1820-0619

1820-0620
1R20-0621

1820=-0622

1820-0623
1820-0625
1820=0626
1820=0627
1820-p628

1820-0629

1820-0630
1820=0631
1820=00637
1820-0639
1820-0640
1820-065%

1820-0656
1820-0657
1820-0658

MC J4A9L
SNT4 04 N
74 0BPC
DMT&  0AN
SNTAH Taé N
Fad  TaPC
DMTan TaN
SNT4 08
SNTe 26
96 02 DC
91120C

9A 65 DC
98 53 DC
98 22 DC
98 06 DC
MC  B38P
SN75 &5i8P
LM75 451AN
NS 451V
NAZ2BAA
SNT4 13N

Tz

£
-
-
~N
w
=z

g
-
&
T
=
=
]
z

MC 10L1P
DMT4L 0ON
OMT4L 02N
OM74L 03N
DMT4L Dbk
nM74L 10N
OM74L 20N
OMT74L 30N
DM74L SIN
DMTal Sah
DHT4L 55M
OMTeL TIN
DMT4L 72N
DMTGL TN
oM74L TaN
oMT4L TEN
oMT4L BEN
DMT4L 95N
DMBSL 90N
DM74L 9N

w
z
~
&
x
o
x

2
S
7]
2
=

b4
-
r
-
@®
A
z

']
z
-~
£
x
o
n
z

w

z

-

Fa

ITh &
et

rr Iz

93 1a DC
93L 01 DC
SNT4 B3 N
93 403 DC
DMTe  BSN
MCM &06&L
SNTAS 112
T45 112PC
NT4AS L124
MC G0a4P
SNT4H 108 N
NBBTSA

MC 400IF
SNT& 150
SNTH 25
W76 258
SMTLL 9R N
%1 18 DC
93L 12 DOC

=

zZz

1820-0659
1B20-066]

1820-0685
1820-0666
1820=0647
1820=0668

1820~0669
1A20~0681
1820-0682
1820-0683
18200684

1820=0685
1A20=0686
IR20=0687
1820=0688

1820=-0689
1820=06%90
1820-0691

18200692
1820-0693

1820-0494
1820-0695

1820=0696
1820=-0687

1820-0700
1820-0701
1820-0702
1820-0703
1820-0704
1820=0705
1R20-0706
1820-0707
1a20-0708
1a20=-070%
1820=0710

1820=0713
1820-0715

1820-07ie
1820-0717
1820-0718
1820-0719

1820-0720
1820-0721
1820-0722
1820-0723
1820-0724
1820-p725

1820=0T726

1820-0727
1A20=-0730

1820=-0733
1820-0734
1820-0737
1820-0738
1820-073%
1820-0740
1820=0741

1820=0Ta2

1R20=07k1
LB20-0Tki
IRZ0~0T4S
18200751
1A20-0752
18200762
1B20-0763
1820-0765
1820-0770
1B20-0T74
1820-0777
1820-0778
1820-0730
1R20=07T81
120=07A2
1R20-0TRI
1R20-pT8A

18200 78R
IR20~0789
1B20-0790
1820-0791
18200792
1R20-0793
1820-0794
1820~0795
1820-0798
1820-0797
18200799
IR20=0A01

IR20-0802

1820-0802

516

93L 00 OC
ST 32
DTe 32N

e
MO
T

18140
1o06e
1060P

SNTe 07

T4

o7TeC

MCT&  OTP
93L 10 OC
S3L 10 BC
SNT&S 00
TasS  0OPC
SNT4S 03
T4S  0I0C
SNTLS D4

TS

gaec

ENT&S 05

95

05 be

SNT&S 10
SNTaS 11
SNT4S 15
SNTeS 20

T45

20PC

NT4S 204
SNTAS 22
Tas5 &50C
SNT&S &0
Tas  &OPC
SNT&GS hé
745  HAPC
SN7&45 A4S
SENTAS  Ta

Ths

T4PC

SNTAS B&
SNT&5 113
TaS 113FC
SNT&S 114
SNT&S 140
Tas 140PC
NTA5 Jafa

e

30299

3L 14 OC
S3L 11 nc
NBZ924

SNYS 122

53

43

10 DC
24 DC

SHT&  lal
930 09 OC
93L 28 nC
B3L 22 DC
93 22 DC
SNTA 18]
SNT&H 106
TaH 106PC
SNT& 161
MM5052
NHOD2SCH
MCT2  42P
NB2&ZA
DMEE 30N
DMAB  20AN
SHTS 109N
GNTS 10TH
MC 4007F
SHT&  1TO0

NT&

1T0F

SHTe 199

NT&

93

199N
21 b

96L 02 DC
96L 02 DC
PL4D2

SNT& 190

SHT& 194
SNT4 97
%0130C
SHT& 196
SNT&H T&
SHT& 157
Ml&DsA
SNTS 167
MG 006

5P

Ikk

SHT4L &2
93 1s OC
DMAR 3N
INSD13C0D
SNT& 27
SNTa P00

L[

T250@

NAZS0A
SMTs | T
NB293A

Ll
Ll
Lo
§C

16600
Losae
10437
16 TaL
16701
16hal
16621
16721

SNTS 4529
uC10l0lL
181018
MCi0l02L
101028
MC10105L
1a1058

F

ZTETT T T

z

z

Tz

TET =TT

F

z

ZZT

z

& TTT TZT zZZTZT T

T

zZ




REPLACEMENT PART CROSS REFERENCE

1820~0804
1B20=0805
1A20=0806
1B20-0807
1820=p808
1820-0809
1820-0810
1B20-0811
1R20=-0812
1820-0813
1820-081S
1820-0816
1820=0817

1R20-0818
1820-081%
1820-0820
i820-0821
1R20-0A22
1820-0824
1820-pB25
1820-0826
1820=0A27

IR20-0828

1B20=pB29
1R20~0830
1820~0831
1820-0R32
1820-0833
1820-0834
1A20~0A35
1820-0838
1820-06837
1820-0839
1A20-0862
1B20=p841
1820=0R44
1B20=0845
1R20~0846
1A20-0847
1820-0R56

1820-0857

1820-0858
1820=0859
1820=0860
1820-0R61
laz0-g862
1A20-0863
1B20-0864
1B20-086%
1820~0866
IAZ0=0867
1820=-0868
1820-08R%
laz0-p870

1820-0875
1820-0876
1820~08%

1820-0897
1A20~0B98
1820=0899
1820-0900
1820-0902
1820-0903
1820-0904
1820~0506
1820-0507
1820-p308
1820=0509
1820-0910
1620=-0511
1820-0912

1820=03913
1820=0514

1820=07918
1820=0917
la20=-9919
1820-0920
1820-0921
1820-0923

1820-0924
1820-0525
1820-0926
w
»

MOT
516
MOT
516
"oT
S16
“oTY
516

516
MOT
516
“oT
516
“OT
516
MOT
516

516
HOT
S16
LD
516
mOT
516

MaT
Ll
HOT
HOT
HOT
HOT

MaY
Si6G

MCl010mL
101088
we1ola?
101078
“Clo0109L
101058
ME10110L
101108

101178
CHTITE
10188
MEROL19L
101158
MEl0 210
101218
HC10130L
101308
SCLI013IL
10131F
MC10133L
MC10] 360
M“C10135L
“e10138L
MC10137L
HO10160AL
HMEROLSIL
MC10 180
MCIOMBIL
101618
MC10162L
101628
“C10 1640
MCI01TAL
WMCIOIRIL
HHQOOTC
93 36 DC
HC 403BP
MB2ETE
WE #010P
LLERT )
SNT4  ITS
ue &poBEP
HE &0020
HWC 426
NAZZ0R
OMBO SN
SNT4H 183
SNT& 00
Th o 00DC
MCTH  0OL

74 03DC
WE Bkl
5 & DC
HE  B&SJ
5 &9 0C
SNTaH &
T4H  40DC
ME 1B0IL
18010C

MEC  BISL
9. 35 0C
SNT& e
74 0BDC
96 00 DC
SNTAL TS
SNT& i
T4  Q040C
HWET& 04l
ME joaTe
93 05 OC
SNT& 160
SP 31704

-z

(A

(5

N

SNTS 450aM

SNTAL l&4
I 24 DC
DMAZ  laN
SNT& 12
MCT4  TaR
SNT4 167
SN74LS B3
SNTAL 192
SNTAL 183
DMTAL 193N
SNT4L 122

CO403IBAE
CD40I2AE
COL00BAE

N

z

E TZzZZZX

1A20-0927
1820-05%28
1A20~-0929
1820-0930
1820-0931
1820-0932
1A20-0933
1A20-0934
1820=-0935
1820=-0934
1A20=-0537
1820-09738
1820=093%
1R20=059&0
1B20=0%61
1820-p9%2
1820-0943
1820=0%&4
1A20-0945
1820-0948
1B20-p9&T
1A20-0948
120-054%
1820-0950
1A20~-0551
1r20=p%52

1R20=0553
1B20-0954
1R20-D955
1A20-0556

1820-0957
1820-0954
1820-0959
1820=0960
1820=0961
1RZ0=0%2
1820-0967
1820-0964

1R20=0965
1820-0966
1820-0%87
1A20-09&8

1820=0969
1820-0970
1820-0971
1820-0978
1820-0977
1820-0978
1820-0579
1820~09A0
1820=-098]
1a20-0984

1820~-09A5
1820-0986
1820=0987

1820=-0988
1A20=0989
1A20=-05990
1820-0992
1820-0995
1A20-0998
1820-099%
1820~1002
1820-100a

1820-1005
1820=1006

1s20=1007

1820~1008
1820-1009
1820~-1015
1820~-1016
1820-1017
1820-1020

laz0-1021
lazn-1022

1820=1023

1B20=102%

1R20-1025
1820=-1026
1B20=-1027
1A20-1030

1820-1031
1a20-1032
1820=1036
1R20=1037
1820=1038
1820=1082

1R20-]1043
1820=1 04
1820=1045
1820=1048
1B20-1047
1820-10a8

RCA  CD402BAE
RCA  CDaD&lAE
RCA CDuD22AE
RCa CD4026AE
ACA  CD4029AE
RCA  CO403IAE
RCa CD4ADLTAE
RCA COALOLBAE
RCA  CN&D20AE
ACA  CD4D24AE
RCa Ch&0LOAE
ACA  CO&D2T7AE
HCA CO&013AE
WCA  CDaD&sAE
ACA  CDAD&IAE
HCA  CD4DQOAE
RCA CR4023AE
RCA CReD25AE
BCA CR&OITAE
RCA CO&001AE
MCA CO4O30AE
RCA  CO4002AE
RCA  CD4Ol1AF
RCA CO4012AE
RCA CRLO19AE
FAlR 9 52 OC

HCa EN&04ZAF
RCA COL0IBAE
RCa CDA0I9AF
FCA  CD&021AE
RCA COs00BAE
BCA CD&a0314E
FAIR 3 &% DC
ITT . MIC 964
FAIR 9 &5 DC
ITT  MIC 965

RCA  CD&O1&AE
FAIR 9 71 0C
RCA CDA01SAE
HC# CO&03ISAE
RCA  CO4Q0TAE
RCA CO4009AE
RCa CO4010AE
RCa CO&O1BAE
MOT  MET2 TOP
516 NB2TOA
MOT MC 1BgoP
MATL DHREL TSW
FAIR 93L 18 PC
aun S3L 18 DC

FAIR 93 &10 DC
516 NB2T1E

MOT MC laBSaL
T1 SNG4 70 N

1] SNTA  ATAN
1 SN74S 153 N
71 SNTAS 181 N
T SMTa 104 N
MOT  MCT74  O4F
1 SNTeA 04 W
HATL DM74  Diw
FAIR 96 24 DC
INTL CLIOLA
MIL  MFI101A
516 NBT238
RAY  RCATZIMP
INTL 3207
FAIR 95K 90 DC
T SN74S 158
T SNTS. 453F
FATR 93L 21 DC
cale?

x

=aT MCM &256AL
MATL DMAS B2N
MATL DMAR 00K
T1 SNSh [T
NATL DMS4 B4
MOT  MES&  04P
Tf SNS& G M
MATL DMS4 93N
HMOT  MCS4 93P
T1 SNS4 140 N
516 554 1608
“oT MC 12100
“OT  oMC 12100

T1 SMT& 195 N
516 NATZ24R

HAY  RCAT24MP
MOT ME 30oTE

T1 SNTa 198 N
“OT HC 101%P

11 EMNTh GEAN
11 SHT4 48 M
T1 SNT4 165 W
FalR T4 16SPC
MATL DMS4 Q&N

Fare 96 21 DC
516 NR2TIA

T1 SMT4 158 W
i | SHNT&L S2AN

516 NAT20R

1820-1049
1820-1050
1820-1052

1820-1053
1A20-1056
1820-1057
1820~1062
1A20=1061
1820=1064

1820=1065
1R20-1066

1820-1067

1820-10868

1A20-108%

1820=1070

1820=-1071

1A20-1072
1a20-1073
1820-1074
1B20-1075
1B20-1076
1820-1077
1820-107%
1B20=-1080
1A20=-1081
1420-1082
1820-1083
1820-1084
1820-1085
1820~-1086
1820-1087
1820-1089
1820-1091

1a20=1082

1820-1093

1820-105&

1820-1095

1820-10%6
1R20-1087

LE20=1098
1420=105%

1A20=-1100
1820-1101

1820-11086
1820-1107
1B20-1108
1820-1109
IR20-1110
1820=1111
1R20=1112
1820-1113
1820-111%
1820-1115
1820-1116

le20=p117
1820=-111%9
1820-1120
1820-1121

1820-1122
1A20=1121
1820=1124
1A20=-1129
1820=1130
1820-11231
18201137

1B20-1140
1820=1141

1820=1142
1820-1143
1820-1144
1B20-1145

1820-1144

1B20~=1148
1820=1149
1820=1150
1820=1155
1BR0=]1156
1820=1157
1820-1158
1820=]1162
1820-1163
1820-1165
1820=1168
1820-1167

NATL
NATL
HATL

DMBD 3TN
SNTS a5ap
MC10125L
10125F
SNTA &
ENTe 132
DHAGL TN
P2401

91 13 PC
ENTE  1Aa
Th  164FC
MHOO26CG
74  11PC
DMTS 1IN
SNSan 11
MC J106L
DMS4H 11J
SNSAH 30
MC JL16L
nmSeH 30J
SHSLH 40
MC 31240
NMS&H 60U
SNG4 30
MCS4 0L
DMS4 30U
SNSAH T4
OMS4H Tad
S4H  TabM
SNT&S 135
NBZS4ZA
SNT4 128
SNTS 1S0F
SNTAS 174
SNT4S 157
MC1aS01CL
NATI3B
NBTZ6B
SNT4 a7
5N54 199
NETO98

9L 24DC
UHP408
PI208A
SMT4 279
SNS& 13
DME4 13y
54  130M
SNS4 121
nuss 1214
MCSh 1210
SNS4& (1]
OMSe  00J
MCS4 00U
SNG4 10
oMS4  10J
MESe 0L
SNG4 Th
oMse  Tad
MES4  TaL
SNGa 196
SA2G0F
SNGG fia
OMEs  0ad
MCS4 D4l
5B292F
SNS& (L]
nMS4 084
MCSé4 OAL
SNT& 2OB
SHSe 0P
nMss  02d
MeSs  02L
Jlols
SNTA ok
ML 16aBP
ME ap22P
SM7S | 10N
3L &0 OC
SNTLS T4
MBS S3N
RClaS16CL
oMRE 22N
SNTe 109
90 24 OC
8L 86PC
MC 1648L
Uﬂﬂ-.o?
nMAD  G3N
SNT4 129
MC1&51ACL
MK S009P
SNT4 12
A34aCJ
SNTES 133
OMAl 60N
MC 1B09P
SNLSA 0%N
1RQ9BC
B25624

zZ

L4 ZEF Z =z [ =3 [

LZ

-

z

=

SNT& 1RSAN

SNT&LS 02
COLO4TAE
CO4OSOAE
OMBD G0N
MME2E0N
MC1&5200°
NA2SS0A
MC 225TL
MC 22591
SNT45 51
MMSOSTN
SH74L 153
M50 3IN
nMASL 51N
NHEIL 23N

2

1820-1170
1820=-1171
la20=-1172
1820=-1173
1820=-117&
1820=-1175
1R20-1176
1820-1178

1820=1181
1820=1183
1820=]18a

1820=1185

lago-1186
1820=-1187
1B20=118R
1R20=]118%
1RZ0-1150
1820~1151
1820-1192
1820-1193
1820=115&
1820=1195
1R20=1198
1820-1197
1820-1198
1820-1199
1a20=-1200
1820-1201

lB2p=1202
1820=1203
1820=1204
1820~-1205
1820=-1208&
1820=1207
1820=1208
1820-1209
1820-1210
l8z20=-1211

Lazp=1212
1820-1213
1820-1214%
1820=-1215
1820=121%
1820=1217
1R20-12186
1820=1219
1820=1220
1820=1221
1820=1222
i1B20-1224
1820-122%
1820-1236
1820-1237
1820-1239
1821-0001
1821=-g002
1A21-0005
1821=-0008

1826-0002
1826=0001

1826=0004
1826=0006
1826=-0008

1826=0009

1828-0010
ls2e=-0011

lB2é=-00la
1826=0015
1826=0014
1R26=-0017
1826=0019
la26=0020
Laze=-g021
1a26-0022
1B24~-0023
1826=0024
1p26=0025
1826-0026
1826-0028
1826=-0029
1826-0031
1826-0032
1826=0031
1826=0035
1826=0036
1826-0037
l826-0038

1a26=0040
I826-0041
1A26=0042
1826=0043

1826=00460
IA26=004T
1826~004H
1B26-0049
1RAE=0051
1826=0055
1826=0056
IP26=0058
1B26-0059
1826-0060
1826-0061
1826=0064
1826=006%
1R26-006A0
IB26-0067

WWW.HPARCHIVE.COM

MMH QD26L
SNT& a3 N
-1 16D
MO0l 260
TMS4024NC
SC1e522CP
MCJ4015CF
TMS3] 2200
25188
ML | &S22AL
MC &016F
SNTA 28 N
ITTTa 28 N
SNT4 162N
NT4 1628
TMs3113
SP 360
CO&DaBAE
MC1&510CL
MM TAC]TIN
SNTaS 175
SHTs 173
SNT&LS197
SNTGLS193N
SNTGLSITS
SNTALS1 T4
SNTWLS 00
SNT&LS 03
SNT4LS 04
SNT4LS 05
SNTWLS 0B
SNTALS 10
SNTALS 11
SNTaLS 20
SNTALS 21
SNT4LS 27
SNTLLS 30
SNT4LS 32
SNTALS 28
SNTaALS S1
SNT4LS B&
SNT4LS1LZ
SNT&LS113
SNTe 126
SNT&4LS13e
SNT&LS1 38
SNTALS1S]
SNTAL 157
TH 16028
25328
CApOA=1
95 04 DC
MC10216P
MC10231P
MM5040H
MMEOS0AH
MK S007F
CA30&48
CAIDAS
O 04
SHeS 01 PC
uHPD12
SPa 1e00
ME 15106
MC 1456C6
NSSS56T
LM30aH
Ll LT
HM

TT T

ZTZTZTTZZTZTTZTZTZZTZTZZTZZIZZTzZ=Z

SS5T258.4
725 HC
555725C)
723 K™
Tal WM
LMT&LH
MC 17410
ME 15950
CAIDEO0
LE204H
LM205H
MC 14370
pDac-01cP
LM3I10H
MC 16390
MC la96L
MC 14697
LM208AN
LM3TIH
MC 15506
ULNZ1114
726 HM
MC 14838
MC 146306
LMI0BAN
MC 1694L
MC 15906
MC 14366
5G14367
SS7334
Ca3059
MECC 1741
LM30TH
5553074
735 DC
NE 5628
MCC 14546
721 DC
MC l4]ap
711 0OC
TuQ HC
NE S0iA
LME01ax
M 1&3HE
SGIS0IN
733 OC
LHILIN
TTIT WM
NE S3LT

Ip2b=-006%
1826-0070

I1B26=-0071
1826-0072
1826=-007%
1826-0077
1R26-007H
1R26-0079

1826=008]
1p26=0082
1826-0086
1B26-0087
i826-00R%

1R26=-0091
1826-009
1826-0098
1826-0099
i1R26~-0100

1826=0101

1826=-0102
1Ap26=0103
1826=0104
826=0105
1AZ6~-0106

iB26-0l04
1A26-0110
1R26=-0111

1B2a=0112
1A2a=0113
iaza-0l14

1B26=-0115
1826=0118
l826=-0117

1826-0119
1B26=-0120
1826-0121
1B26-0122
1826-0123
1826=0124
1826=-0125
iB26=0126
1826=-0127
la2e=-gla8
1B26-0129
1826-0130
1826-0131
1826-0132
1826-0135

1B26-0137
1826-01348
laga-0139

l826=0140
18z6=0]181
I1626=0142
IB26=-0144

lB2b=-014a5

1826-0148

lp26-0145

1826-0150

1B26-0152

1A26=-0153
1826-0156
1B26-0155
1B26-0159
1826-0140
1826=-0161
1A2&6=0162
1826-0164
1826=0165
1826=01647
1826=016%
1az6=-0172
1826-0173
1826-0177
1B26-0178
1R26=0179
1826=0181
1626-0182
1826-0183
1a26-p018s
1A26-01RS
1p26~-0188
1826-018%
1858=0004&
1858=0008
1858-000%
1858-0010
1858-0020
1858-0021
1858-0022
1ASA-0023
1858-0032
1858=-0034
1858-0037

HATL
FAIR
FAlR

NATL
FAIR
516G

NATL

NATL
HOT
NATL
HaT
FATR

NATL
FAIR
HOT

NATL
FAIR
“aT

NATL
FALR
waT

NATL
FALIR
MOT

NATL
CRYS
SILx
RCa

SiLx

Mot

FAIR
NATL
NATL
FaAlR
NATL

NATL
MNATL
NATL
TELD
NATL
NATL
NATL
AMAL
FAIR
FAlR
RCA
HOT
SIG
RCA
Mot
MOT
MOT
FAIR
RCa
SGEN
RCA
RCa
MOT
SPRE

LM30LAD
L™ 30lan
741 OC
HE 1TalCE
MC 14566
LM208H
CAlDTS
LM3ILLF
cA3030
HA2-2625-5
1321
LM118H
ADTalLH
TTh HC
CATODOS
HA=-292%
1322
DRAME.BA10
SHT5 235N
LMZL1H

TR 12 uC
T4l OC
SNT2 ThTU
LMTLTCD
LMS65CH
NE 565K
LH312H

MC 154506
LMIT1H

06 172RK
78 1S uc
MCTR 1S CP
LM3apT=15
LHOB62CH
LM212H

MC 14586
NS55RT
LMYIAAH
LMZOTH
TI0 Hm
LMTI0A

NE 5264
CMP=01=Cu
78 12 KC
LM3spK~-12
NE 5557
LMIS0ON
ROOTC

78 05 UC
LMIZ0R=-12
NE 529K
MC 1518l
78 1B KC
DAC100BCTI
MC. 14681
1CLBO0ICTZ
NE 550L
TCLBOOACTY
760 DC
LMT4TD
T&T DM
NE 5504
LM339N

MC 1458P1
LM1458N
MC l&6BR
LM3180

ML 145ACF1
78 05 UC

LM340T= &
7808 UC
WCTA 0B CP
LMI40T- B
78 18 uC
MCTB 1B CP
LM3&OT=]18
78 24 UC
MCTB 24 CP
LMI6OT=24
COR 125 BK
D 1258K
CA3DTS

DG 20084

M 1406l

MC 1350F
WGuTA 06393
LMI24N

LM 321 W
Taz PC
LM&250CH
CA0TGAT
LMI20K=15
LMIGAN
LMIZOK-5.2
721 BE
LM320H=12
LH3I20H= 5.2
LM323K
A560.4

Tia  HC

748 DC
CA30BE

MC ladBL-a
NE 5887
CAJO0&S

MHQ 6001
MHO 2221
MHQ 2906
SHEG 0L PC
Ca3osl
563621
Calo8l
CAZl4bE
MPG 3725
lILN2OB2A
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SOLDERING IRONTIPSAVER/EDSEL MURPHY

SOLDERING IRON TIP SAVER

by Bryson Nishimura and Michael A. Caughey

4
UIJ)

Here is a simple but very useful gadget
that makes your solder iron more use-
ful in addition to extending the life of
the tips.

The materials needed are:

interlocking chassis 4" x 2V" X
24"

silicon rectifier 1A 400V

DPDT - Center off switch 3A
125vac

misc. - plugs, outlet, wire, grommet

Total parts cost, which is about $4.00,
may be reduced by using locally avail-
able parts, since parts selection is not
critical. Construction is easy and
should require about an hour. Layout
is not critical, but care should be taken
to maintain adequate spacing of all
leads from the metal box. Using a
three wire cord is recommended since
this allows grounding of the metal box.
Neon lamps can be added as shown in
the schematic for visual indication of
full or half heat. One lamp lights for
half heat and both light for full heat.

Operation of the tip saver is simple.
When the switch is placed in the posi-
tion without the diode, full line voltage
is connected to the solder iron and full
temperature is reached. This is useful
for fast warmup in the morning and for
soldering tasks where a large amount
of heat is needed, such as large chas-
sis ground connections or ground
planes on a P.C. board.

When the diode is switched in the cir-
cuit, the effective voltage is cut in half
and the temperature is therefore also
reduced. This prevents overheating of
the tip when the solder iron is not be-
ing used. This half-heat position also
works well for soldering and unsolder-
ing IC's, transistors, diodes, etc.
where high temperatures are undesir-
able.

Having a three position center off
switch makes a convenient method of
turning off the solder iron at night,
rather than unplugging it as was done
previously.

We use the Ungar 777 iron with a 1235
element and PL333 tip in most of our
applications. We have been using the
tip saver in our Calibration Lab and
other shops now for about two years
and the results are very good. In one
case, a tip lasted about 14 months
without replacement even though it
was on all day, five days a week. This
has resulted in considerable savings.

Editor's Note: A number of methods
can be used to vary solder iron
power, including several available
commercially. |

Additional control would be possi-
ble with a design using a triac and
potentiometer, (or using a variable
line voltage control available on
many service benches). Many peo-
ple feel that the simple circuit above
is suﬂ?a!snt, however. Your com-

Bryson Nishimura has been with the Ha-
waiian Telephone Company in Honolulu
for 4 years, working as a Calibration Labor-
afory Technician. This entails repair and
calibration of about 400 different models
of test equipment, He attended the Elec-
tronics Institute of Hawali. As might be ex-
pected of someone from Hawaii, Bryson
enjoys surfing, as well as photography.

Michael A. Caughley is the Electronic
Shop Supervisor at the Hawaiian Tele-
phone Company. This shop is a repair faci-
lity for multiplex carrier and traffic data sys-
tems. Michael received his electronics
training at the Navy Electronics School
and he also is a part-time student at the
University of Hawaii. In addition to photo-
graphy, his outside interests include auto-
mobile rallying.
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THE CONTRIBUTIONS
OF EDSEL MURPHY TO
THE UNDERSTANDING
OF THE BEHAVIOR OF
INANIMATE OBJECTS

Readers may be familiar with an oft
quoted basic principle called Murphy's
Law. This states that “If anything can
go wrong, it will.”

Some time ago, samples of the appli-
cation of this principle were printed in
EDN/EEE, an electronics publication
intended for design engineers. For
your enjoyment, some of these are re-
printed here, courtesy of EDN/EEE.

General Engineering

o Dimensions will always be expres-
sed in the |least usable term. Velocity,
for example, will be expressed in fur-
longs per fortnight.

e An important Instruction Manual or
Operating Manual will have been dis-
carded by the Receiving Department.

Prototyping and Production

e Any wire cut to length will be too
short.

e Tolerances will accumulate unidi-
rectionally toward maximum difficulty
of assembly.

o |dentical units tested under identi-
cal conditions will not be identical in the
field.

e The availability of a component is
inversely proportional to the need for
the component.

e If a project requires n components,
there will be n-1 units in stock.

o If a particular resistance is needed,
that value will not be available. Further,
it cannot be developed with any avail-
able series or parallel combination.

e A dropped tool will land where it
can do the most damage. (Also known
as the law of selective gravitation.)

e The probability of a dimension
being omitted from a plan or drawing is
proportional to its importance.
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e Interchangeable parts won't.

e Probability of failure of a compon-
ent, assembly, subsystem or system
is inversely proportional to ease of re-
pair or replacement.

e If a prototype functions perfectly,
subsequent production units will mal-
function.

e Components that must not and
cannot be assembled improperly will

e.
e Graphic recorders will deposit

more ink on humans than on paper.

e An instantaneous power-supply
crowbar circuit will operate too late.

e A transistor protected by a fast-
acting fuse will protect the fuse by blow-
ing first.

e If an obviously defective compon-
ent is replaced in an instrument with an
intermittent fault, the fault will reappear
after the instrument is returned to ser-
vice.

e After the last of 16 mounting
screws has been removed from an ac-
cess cover, it will be discovered that
the wrong access cover has been
removed.

o After an access cover has been se-
cured by 16 hold-down screws, it will
be discovered that the gasket has been
omitted.

e After an instrument has been fully
assembled, extra components will be
found on the bench.

PLOTTER HAVE THE
JITTERS?

by Vern Hudson

A symptom of jitters in X-Y plotters or
strip chart recorders is one that some-
times causes consternation. The pen
will appear jumpy or noisy in a certain
position. This erratic operation can be
repeated by using the zero control or
signaliinput to move the pen to the erra-
tic position.

The solution is to clean the slide wire,
the variable resistor in the feedback
loop that determines the position of
the pen. The slidewire should be
cleaned with a cotton swab moistened
with freon degreaser.

After cleaning the slidewire, which is a
precision resistor, be sure to lubricate
it to ensure proper operation and nor-
mal life. It is extremely important to
use the correct lubricant.

The majority of HP plotters have a wire-
wound slidewire; these need slidewire
lubricant HP p/n 5080-3635.

Many of the new plotters, such as the
7123-7143 series, have a film slide-
wire mixed in with a plastic base. This
looks something like a composition re-
sistor. Film slidewires require grease
that can be obtained by ordering HP
p/n 07143-69134.

Wirewound and film slidewires each
have a unique appearance that makes
them easily distinguishable.

If the plotter is in daily use, HP recom-
mends cleaning the slidewire once
each month. After cleaning, the stan-
dard calibration procedure should be
used to verify proper operation. Refer
to the service manual of your instru-
ment for details.

A CLEAN HEAD HELPS

Many people using analog or digital
tape recorders are surprised to learn
that the heads should be cleaned be-
fore each use.

As the tape passes over a head, two
things happen that are detrimental to
performance: The tape slowly wears
metal away from the head and oxide
from the tape is deposited on the
head.

As the oxide coating increases in thick-
ness, the separation between tape and
head increases, reducing the high fre-
quency response and degrading the
signal to noise ratio. If further oxide
build-up is allowed, it causes in-
creased and irregular tape wear,
which causes increased oxide depos-
its, etc.

To keep this from happening to your
tape recorder, clean the heads before
each use with cotton swabs and Freon
TF Degreaser. Moisten the cotton with
freon and wipe the tape head with a
sideways motion. It is important that
the heads be wiped in the same direc-
tion that the tape travels. Continue
this process, using several additional
clean cotton swabs, until no more
oxide is visible on the cotton.

Often times the oxide on a head is not
easily visible. | once repaired a unit
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that had one channel dead. The cus-
tomer insisted that he had cleaned the
heads and they indeed looked clean,
Examination under a microscope
showed a substantial oxide layer that
was the cause of his problem. This
was removed by scrubbing with the
freon.

Freon degreaser is commonly avail-
able in liquid or spray form. Liquid freon
tape head cleaner is available from
HP under p/n 8500-1251. Cotton
swabs mounted on a thin wooden
stick can be purchased locally or or-
dered through HP p/n 8520-0023. Care
must be taken to avoid excessive freon
in the tape recorder. Do not apply freon
directly to the head; moisten the cot-
ton swab and then gently wipe the
head.

Clean heads and proper preventive
maintenance procedures help you re-
tain the performance designed into
your recorder. Refer to the mainten-
ance section of your manual for details
of these procedures.

Editor's note: This procedure is also
a good idea for your home sterea re-
corder, if you happen to be a stereo-
phonic sound enthusiast.

Vern Hudson has been with HP for four-
teen years, working initially on a produc-
tion line, testing finished products. He
soon moved to the repair bench at the HP
Customer Service Center in Mountain
View, California, servicing recorders and
printers.

He recently accepted a position at the San
Diego (California) Division of HP, working
as a Service Engineer. Vern is one of the
product experts that provide technical as-
sistance to the HP Field Service Organiza-
tion.




When a lot of line people work together,
something good usually happens. This aptly
describes the story of Bench Briefls, since this
publication relies on participation from you, the
reader. While stopping to reflect on the past vear, il
became evident that a large number of people have
helped make a successful year for Bench Briefs. I would
. like to extend my thanks and Christmas wishes 1o all
of you.
The most visible group on any publication is the people
wriling articles. Contribuling Editors and Conlributing
Authors involved during 1973 were Rod Dinkins, Chris Franks,
Marv Willrodt, George Stanley, Dan Struckmann, Harry Logan,
Vern Hudson, Bryson Nishimura and Michael Caughey. Bryson
and Michael are with the Hawaiian Telephone Company. All
others are with H.P.

The difference between a Contribuling Editor and Author is
the degree of involvemen!. A Contributing Editor is a person selected
at an HP facility to regularly coordinate Bench Briefs activities and to
submit articles for publication. A Contributing Author can be anyone

from any company with a suitable article.
In addition to the people wriling malerial, there are a greal number
of additional people involved in making Bench Briefs possible and 1 would
like to take this opporiunily lo express my thanks and best wishes.
After the material is written for an issue. it must be prepared for the
printing process, then printed and distributed.

Gary Welden of The Graphic Circle has been a great help with the planning,
design, and graphics. Many of his ideas are eviden! in each issue. The carloon
illustrations have been the work of Vance Locke, of Vance Locke Hlustrations,

Budd Cady and Roy Anderson. Typing has been done by Dolores Owen, Donnila
Arnold and Barb Cummins. Pholo type-selting is the work of Anne LoPresti and Jodi
Montgomery. Hal Netten provided editorial assistance.
Printing has been handled very well by Bruce Woodd of the National Press, In
fact, Bruce and his people have occasionally worked remarkably fast to ensure thal Bench
Briefs was mailed on schedule.

Distribution of the printed copies is a very important area and there are many people
working behind-the-scenes who share in this Christmas Greeling. Doris Brunelli and Jim
Kinney keep the mailing list current and Les Considine of Coast Mailing Corporation handles
the addressing and mailing of Bench Briefs. Distribution to HP factories and offices is
handled by Gloria Frazier and Walt Cavaness. Requests [or Service Notes are also
handled by Wall and he is assisted by Eleanor Jimenez. Peter Tacx directs distribution

of Bench Briefs and Service Notes for Eurape. Peler is located in Amsterdam.
And, of course, I would be remiss to neglect mentioning vou, the reader,

without whom all of the above would be unnecessary.
I wish all of you a very special and joyous Merry Christmas,

Have a challenging and prosperous New Year.

Dick Gasperini
Editor




MODIFICATIONS

5326/5327 SERIES
UNIVERSAL COUNTER

This change applies to instruments
with these serial numbers and below:

MODIFICATIONS
Model Serial Number

A modification for the 5326/5327 ser- 5326A 1312A 02005
ies Universal Counters is recom- 53268 1312A 02265
mended to improve reliability of the 5326C 1312A 00500
power supplies. This is done by ad- 5327A 1312A 00410
ding two transistor insulators to the ser- 53278 1312A 00620
ies regulator transistor for the +5 and 5327C 1312A 00595

—5 volt power supplies.

The parts required are -

Item HP-P/N
Kapton Insulator-2 Each 0340-0765

#8 Washer - 2 Each 3050-0001
Bushing -2 Each 1200-0081
Heat Sink Compound 8500-0269

When ordering the parts, request Ser-
vice Note 5326A/B/C/5327A/B/C-4.
This gives details and the installation
procedure.
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