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It should be mentioned that tube manufacturers are 
devoting much effort to the task of providing longer-life 
tubes. Some improved types incorporate slotted micas, 
coated stems and more passive cathodes. At this time 
we do not have life data on these improved types. 

If we consider the loss in Gm that would result from 
a gradual degradation of the cathode emitting material, 
the results might be something like the theoretical plot 
shown in Fig. 4. Here we have assumed a normal dis­
tribution around the center value of JAN specification 
limits as the starting point of a lot of new tubes. This 
would vary from lot to lot. It has also been assumed 
that the Gm distribution will drift downward with time, 
and the spread between upper and lower values will in­
crease. If a continuous check were made on these tubes 
in operation and if tubes were removed as soon as the 
Gm fell below the lower specificC;ttion limit, a plot of the 
frequency of tube removal would be similar to the curve 
in lower part of figure. This is a skewed distribution, 
since the original assumption was that the Gm slope was 
accompanied by a spread in upper and lower values. 
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period between 2,000 and 4,000 hours. Here the number 
of returns is low. It should be remembered, however, 
that the tubes are not under continuous test and many 
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Fig. 5-Average Gm decay with time, based on laboratory 
life tests of two tube types. 

of them drop considerably below the lower limit before 
being removed. This is illustrated in Fig. 7, which shows 
the actual Gm values of removed tubes vs. hours to re­
moval. It will be noted that considerable spread exists 
in the Gm values at the time the periodic maintenance 
check is made. If the tubes with low Gm had been re­
moved at the time they actually dropped below limits, 
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Fig. 4-Theoretical plot of expected tube removals based 25 
on Gm deterioration with time. 

For individual tube types, the slope of the Gm drift 
would be different, but, once established, would allow 
a fairly valid prediction of tube usage rates in environ­
ments where tubes are allowed to wear out normally. 

Fig. 5 is a plot of the average Gm decay of a group of 
tubes from our life-test rack. It is apparent that there 
is an almost linear decay with time, out to 6,000 hours. 
The lower line on the graph represents similar data sup­
plied by a manufacturer on another tube type. In 
neither case is there any evidence of increased rate of 
fall during the period of the test. 

How well the actual tube removal rates fit this theo­
retical curve is indicated in Fig. 6, which shows the 
quantity of 6BA6 tubes removed in consecutive 500-
hour periods out to 10,000 hours. At first glance, the dis­
tribution does not appear to fit the expected curve very 
well. For example, there are too many returns in the 
first 2,000 hours. This suggests that the tubes should be 
classified into two groups on the basis of cause of 
failure. We do not know at this time the basic reasons 
for this group of early failures. 

Another deviation from the expected curve is in the 

20 

15 

10 

5 

5,000 
TIME (500 HOUR INCREMENTS) 

Fig. 6-6BA6 removals from land-based receivers 
by 500-hour periods. 

10,000 

the histogram in Fig. 6 would more nearly follow the 
theoretical curve. An estimated slope for Gm for the 
6BA6 in this particular environment and application 
would be 450 micromhos per 1,000 hours, or a 10 per 
cent drop in the first 1,000 hours. 

A histogram for the 6SK7 in similar use is shown in 
Fig. 8. Here, as before, the peak in removals is too pro­
nounced, and the quantities of removals prior to that 
time are low. Again, these deviations are due to the in­
terval of time between tests on the tubes. For the 6SK7, 
an estimated slope of Gm vs. time would be 70 micro-
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mhos per 1,000 hours. This amounts to a 3.5 per cent 
drop in the first 1,000 hours. 

It should be pointed out that only with tubes of a 
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Fig. 7-6BA6 removals from land-based receivers: 
Gm vs hours of operation. 

single type used in similar applications would this rise 
in failures show up at a particular time. Should many 
tube types or many applications of a single tube type 
be considered, there would be different slopes for Gm 

in each case, and the combined effect would be to level 
out the sharp rise seen in Fig. 8. 

Preliminary data on the 12AT7 tube indicate a trans-

NUMBER OF TUBES 
35.----------------------------------------, 

30 

25 

20 

15 

10 

TIME (500 

Fig. 8-6SK7 removals from land-based receivers 
by SOO-hour periods. 

conductance drop in excess of 700 micromhos per 1,000 
hours. For this tube type, the pattern of removals versus 
time is complicated by the fact that malfunction of only 
one side of the tube is enough to cause removal of the 
entire tube. The effect is to remove a good section from 
our test because the other section is bad. This spreads 
out the expected increase in removals indicated in the 
theoretical curve shown in Fig. 4. The expected average 
time to removal is therefore more difficult to predict. 

A controlled test has been installed in teletype ter­
minal equipment to compare performance of the 12AT7 
and an improved version of this type, the 6201. Since a 
majority of the tubes are still in service, final conclu-

sions cannot be drawn. The test has been in operation 
4,400 hours, and out of 33 tubes of the 12AT7 type in­
stalled, 11 have been returned as failures, against a re­
turn of 4 out of 36 for the 6201. Very limited data indi­
cate the decay of Gm with time in the 6201 to be about 
one-half as great as the 700 micromhos per 1,000 hours 
observed in the case of the 12AT7. 

We also have in operation in the same equipment 31 
tubes of the 6SN7GT type, for the purpose of studying 
the build-up of cathode interface resistance. This group 
of tubes contains about equal quantities of cathodes of 
three types, that is, active, normal, and passive. Previ­
ous returns indicate that 95 per cent of all 6SN7GT 
tubes had measurable interface resistance. After 4,400 
hours, none of the controlled tubes have failed; there­
fore, we do not yet have information indicating which 
type of cathode will give the best performance. 

Cornell University measurements on a sample of 942 
tubes of 14 types from the base under discussion show 
that 82 per cent have measurable interface resistance. 
Considering that 9 per cent of the tubes from this base 
have mechanical defects, it would appear that approxi­
mately 91 per cent of the electrical-type failures have 
some in terface resistance. 
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Fig. 9~12AT7 removals from land-based teletype equipment: 
cathode interface resistance vs Gm • 

Fig. 9 represents a plot of measured interface resist­
ance vs the measured Gm of some 12AT7 tube returns. 
Each dot represents the two measurements on one sec­
tion of a 12AT7. The solid curve is a calculation of Gm 

vs unbypassed resistance in the cathode of a tube. For 
this calculation, an original G m was chosen from the 
center value of a group of new 12AT7's. New tubes 
tested were not distributed around bogie, and a lower 
value was used for this calculation. The tube returns 
should have been distributed on both sides of the solid 
curve if the only cause of low transconductance was the 
effect of un bypassed resistance in the cathode circuit. 
Since the readings on the tubes place most of them be­
low the line, it is assumed that some other deterioration 
of the cathode has also occurred. The nature of the re­
sistance is such that it varies with cathode current; 
thus, the measured value may decrease considerably 
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during test if appreciable cathode current is used. This 
accounts for the large values of interface resistance 
plotted above the calculated line. 

SHIPBORNE EQUIPMENTS 

The second group of tube returns which I shall dis­
cuss are from shipborne equipments and, thus, from a 
different type of environment than those previously con­
sidered in this paper. As would be expected, the char­
acteristics of these returns are also different. 

The equipments in this case represent many types of 
application, such as communications, radar, sonar, and 
others. For the most part, they are rack- or console­
mounted, and subject to only limited vibration and 
shock. Shock mounts are provided where shock is 
thought to be a factor. A system of periodic preventive 
maintenance is in effect, although the frequency of this 
maintenance varies from equipment to equipment and 
from ship to ship. In general, daily operational checks 
are made on equipments which are in more or less con­
stant use-that is, 500 to 700 hours per month-and 
monthly tube testing is performed when practical. 
Wholesale tube testing usually occurs prior to the start 
of an extended cruise. 

It would seem that tube testing plays a more im­
portant role in the maintenance of complex equipments 
than of relatively simple units, such as audio amplifiers 
and communication receivers. Where troubles tend to 
be elusive, as in the case of complex equipment, greater 
significance is attached to the minimum readings indi­
cated on tube testers. This may result in frequent tube 
testing and, consequently, more handling. 
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Fig. 10-Defect distribution of tubes removed 
from shipborne equipments. 

The defect distribution of tube returns from the ship­
borne equipments is shown in Fig. 10. Comparison with 
the similar distribution for land-based equipments (Fig. 
1) shows an increase in all types of mechanical failures. 
Whereas 9 per cent of the returns distributed in Fig. 1 
were mechanical-type failures, Fig. 10 shows a total of 
22 per cent in this classification. The greatest difference 
is in the fourth bar from the left, representing shorted 

or open tubes, which in this case accounts for 12 per cent 
of all returns, compared to 2 per cent in Fig. 1. This 
difference may be due to factors other than shock and 
vibration during operation. For example, where there 
is insufficient storage space for new tube stocks aboard 
ship, the tubes in some cases are removed from their 
cartons and stored in sliding drawers. Increased han­
dling or testing for shorts by standard procedure of rap­
ping the bulb probably increases number of tube returns. 

The fifth bar in Fig. 10, representing the tubes testing 
out of electrical limits, is considerably lower than in the 
distribution for the land-based equipments. In this chart, 
44 per cent of the tubes fall in this category, compared 
to 63 per cent in Fig. 1. Each of these percentages, of 
course, is relative to the other defect percentages for 
that particular base. A reduction in the electrical failure 
group usually indicates that tube removals, on the aver­
age, have less operating time. Application, environment, 
and maintenance procedures combine to reject the tubes 
for reasons other than normal wear-out. This condition 
is also reflected in an increase in the last bar on the 
chart, which represents the tubes in which we found no 
defect. The increase is from 25 per cent in Fig. 1 to 34 
per cent on this chart. 
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Fig. ii-Tube mortality with time, shipborne equipments. 

A controlled test was initiated in shipborne equip­
ments, using 44 tube types in all applications available. 
The controlled tubes installed represented a cross sec­
tion of the JAN tubes currently used. Fig. 11 shows the 
mortality rate of all tubes in this test. The upper curve 
represents the total removals at each time interval, ex­
pressed as a percentage of the total number of tubes in 
the test, and the lower curve represents the portion of 
the total returns which exhibited some defect on retest. 
The reason for the lower curve is that "no-defect" tubes 
from this base cannot be considered in the same group 
as the electrical failures, as was true of the returns from 
the other base discussed. Instead, these tubes which 
"test good" are scattered within the specification limits 
in about the same pattern as new tubes. As a further 
indication of their characteristics, a sample of 165 of the 
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"no-defect" tubes were reinstalled in sockets identical 
or equivalent to those from which removed, and only 2 
failed to operate satisfactorily. Some of the reinstalled 
tubes have now operated 3,000 hours without failing. 

I t is assumed that most of the removals of satisfac­
tory tubes are the result of emergency maintenance 
practices under which more tubes may be changed than 
necessary to effect repair or the tubes are changed first 
and the real source of trouble traced to some other com­
ponent afterward. Tubes removed under such circum­
stances are seldom reinstalled. In any case, it appears 
that tubes in this category did not cause an interruption 
of service and should not be considered in calculations of 
equipment reliability. 

On both curves in Fig. 11, the dotted line represents 
a calculated exponential that most nearly fits the meas­
ured data. It is noted that the measured result follows 
the calculated curve very closely for the first 3,000 
hours. The hump in the measured curve between 3,000 
and 4,000 hours is traceable to a maintenance period 
during which a group of 6AG7 tubes found to be below 
specification limits were removed. 

It is possible that the maintenance period in question 
corresponds to the point at which-due to the normal 
Gm drift for the 6AG7 type-the large quantity of tubes 
at the center of the distribution would cross the lower 
Gm limit line. It is surprising that this would be detected, 
considering that so many tube types were included in 
the test and that different types would have different 
Gm decay rates. In this test, relatively large quantities 

of 6AG 7 tubes were installed, and these tubes deter­
mined the failure rate at this point. Had the tubes been 
installed at staggered time intervals, this rise in failures 
would have distributed along the curve more evenly, 
and the measured data would more nearly fit the calcu­
lated curve. The test was made on a lot of new tubes, 
and a removed tube was not replaced with another con­
trolled tube. Thus the quantity of tubes in the test de­
creased with time. Actual equipment operation de­
mands tube replacement with failures, and at any period 
an equipment would have random operating times ac­
cumulated on each tube. Under this condition, the ex­
pected failure rate might be higher than indicated here. 

The conduct of this controlled test was hampered by 
termination of controlled tubes due to shifting and 
modification of equipments after the first few thousand 
hours. Beyond 7,000 hours, too few tubes were left in 
the test to provide reliable data. If we can say that the 
calculated exponential failure rate shown is a good first 
app,roximation, it is possible to make predictions on 
equipment reliability due to tubes. The slope of the fail­
ure rates could be established over relatively short pe­
riods of time. 

Similar curves may be drawn for aircraft environ­
ments; however, hours of operation accumulate much 
more slowly in these applications, and we do not have 
data in the thousands of hours for aircraft equipments. 
In general, the returns up to 500 hours indicate that the 
percentage tube-reject rate is greater than in the en­
vironments discussed in this paper. 

SEAC-Review of Three Years of Operation 
P. D. SHUPE, JR.t AND R. A. KIRSCHt 

PURPOSE FOR CONSTRUCTION OF SEAC 

SINCE SEPTEMBER of 1950, the National Bu­
reau of Standards has had SEAC, a digital-auto­
matic computer, in almost continuous daily usage. 

It was originally conceived as an interim-computing 
facility for the use of the government until a more com­
plete computing system could replace it. Consequently, 
in constructing the machine, it was intended to put into 
productive operation as soon as possible a minimal ma­
chine that could produce computed results. However, 
the machine proved quite reliable, and the experiments 
involved in its design were sufficiently successful that 
SEAC was expanded and kept in operation as a perma-

t National Bureau of Standards, Washington, D. C. 

nent tool at the National Bureau of Standards. It is the 
purpose of this paper to present some of the operating 
experience that has been obtained from the use of this 
computer and to indicate the ways in which component 
reliability and maintenance procedures have affected 
the amount of useful computation that has been ob­
tained from SEAC. 

When SEAC was first put into productive operation, 
the demand for its use was so great that it became nec­
essary to schedule it for operation on a 24-hour-a-day 
7 -day-a-week basis. Since it was apparent that the com­
puter would have to be expanded, at first this time was 
divided nearly equally between the engineering groups 
modifying the computer and experimenting with it, and 
the mathematicians who were producing computed re-
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sults for the various Government agencies. After a year 
of operation, the engineering time was reduced to about 
one-quarter of the total available time. 

By the use of flexible scheduling, and largely because 
of the very convenient input-output facilities of SEAC, 
a great number of concurrent mathematical projects 
were able to use the computer. This kept a staff of from 
30 to 40 mathematicians busy formulating and coding 
problems. It has at all times been possible to allow both 
short and long runs on the computer because the time 
that is involved in switching over from one problem to 
another can be less than 2 minutes. This has resulted in 
SEAC being used for over 85 different projects of vary­
ing length and of diverse natures. 

Interspersed with the productive computation have 
been periods during which research and development 
have been conducted on SEAC. These engineering pe­
riods are, typically, eight hours in length. During this 
time, investigations have been conducted into new com­
puter circuitry and accessory devices. As a result of this 
engineering work, many new features were added to the 
computer. 

Because SEAC has been used for both computation 
and development, there has been some decrease in the 
reliability of the system from what it would have been 
on a SEAC that was solely a computing device. Exam­
ination of the operating record shows that since the ini­
tial period of experimentation, this loss of reliability 
has been small. After engineering periods, the attempt 
is made to restore the machine to the condition it was in 
prior to the period. Obviously, this is not always pos­
sible. In general, however, the engineering periods on 
the machine do have the effect of hastening failures that 
may be intermittent or marginal. Removing compo­
nents, turning power on and off frequently, and physi­
cally dislocating sections of the circuitry for the duration 
of temporary experimental changes accelerate the fail­
ure of components that would perform satisfactorily for 
a longer time in ordinary operation. An analysis of ma­
chine failures, which will be given later, will show the 
extent to which experimentation has caused failures in 
machine operation. 

OPERATING AND MAINTENANCE PROCEDURES ON SEAC 

Until recently, when the 168-hour-a-week schedule 
was relaxed, there were four periods per week of ap­
proximately eight hours in length during which SEAC 
was used for engineering or during which maintenance 
work was performed. At all other times, the computer 
was operated by mathematicians. These mathemati­
cians are responsible for the mathematical formula­
tion of the problem, for the preparation of the code, and 
for operating the console during the running of the 
problem on the computer. In general, they are not ex­
pected to be familiar with the logical structure of the 
computer except insofar as it is manifest in the structure 
.of the operation code. 

When a problem is scheduled for solution on SEAC, 
the mathematician who has prepared it puts the prob­
lem into the computer and follows its operation during 
the time that it is on the machine. Since there is no auto­
matic-checking provision in SEAC, with the exception 
of the memory-parity check, it is usual for the mathe­
matician to provide program checks or to have print­
outs on the teletype at sufficiently frequent intervals to 
enable him to monitor the operation and to detect any 
machine errors. It is also usual when the mathematician 
suspects a failure in machine operation for him to call a 
maintenance technician. The information that the 
mathematician can provide is usually sparse if not mis­
leading. Occasionally, the mathematician gives a report 
simply that the machine has "hung up." The technician 
must then determine whether the machine has indeed 
made an error or whether the error is in the code. Not 
being familiar with the code, he often first tries to rerun 
the section that is claimed to have produced the error. 
If inconsistent results are obtained, it is fairly certain 
that the machine has made at least one intermittent 
error. 

The maintenance staff of SEAC for three-shift opera­
tion consists of three engineers and five technicians. One 
technician is occupied full time in the construction and 
repair of replacement parts. At all times when the com­
puter is in operation, there is a technician present and 
an engineer available for consulting purposes. 

In the event of a machine error, it is desirable for the 
main tenance technician to be able to reproduce the 
machine conditions under which the error occurred. Un­
fortunately, the technician is generally not qualified to 
analyze the code that was running and to detect the 
immediate nature of the error. In such circumstances, 
it would be highly desirable if the person who operates 
the computer were familiar not only with the code but 
also with the logical organization of the computer. For a 
machine like SEAC, where the electronic structures are 
highly iterated, it is necessary only to have a machine 
operator who can analyze troubles from the logical 
standpoint and a technician familiar with the electronic 
nature of the circuitry in order to maintain the machine. 
The luxury of a standby engineering staff present for 
consultation in emergencies is a fortunate aspect in 
maintaining an experimental machine. For computer in­
stallations of a nonexperimental nature, this auxiliary 
staff is not available. 

In the event of a failure, the computer is not always 
removed from problem solution. When the failure is 
highly intermittent, it is usually more efficient of time 
to allow com pu ta tion to proceed un til such a time as 
either computation becomes impossible, the error occurs 
frequently enough to make it possible to locate it, or a 
scheduled maintenance period occurs. 

In the diagnosis of an error, several systematic pro­
cedures are used. The most frequently used technique 
is the diagnostic-test routine. There is a library of such 
routines available to the person doing the debugging. 
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In general, the test routines are predicated on the as­
sumption that the operator has assured himself that 
control functions in the computer are operating prop­
erly. These routines then perform anyone of a number 
of computations involving special parts of the computer 
with a diagnostic printout if an error is produced. One 
routine, for example, loads the acoustic memory with 
different word patterns and then checks the memory for 
the storage of these patterns. If an error is detected, the 
routine prints on the Teletype information that indicates 
to the technician operating the routine where the failure 
has occurred in the memory. Obviously, this indication 
can only be approximate, but for errors that involve 
such commonplace failures as those due to improper 
gain adjustments in the recirculation amplifiers, a test 
routine which will save diagnosis time for technicians is 
highly valuable. 

There is a compensating disadvantage in unqualified 
use of diagnostic-test routines like this memory test. 
When technicians and semi-skilled maintenance per­
sonnel use these routines, they have a tendency to rely 
too greatly on the indications provided by the test rou­
tine. When subtle troubles occur for which the test 
routines were not designed, there is often a significant 
loss of time involved in trying to find failures where they 
do not exist. Despite the occasional lapses into indis­
criminate use of these test routines, the amount of effort 
saved by allowing the computer to do its own testing is 
great. 

Among the various diagnostic tests available for use 
with SEAC are those that check specific portions of the 
machine: the memory, either acoustic or electrostatic, 
the arithmetic unit, the magnetic-tape auxiliary mem­
ory, and the magnetic wire input-output. Other routines 
cause the computer to perform operations which result 
in the highly repetitive production of special patterns of 
standard pulses at test points. These routines are used 
in conjunction with an oscilloscope for observing the 
patterns produced. Failure is then detected visually. 

Another type of test routines frequently used is writ­
ten as the trouble is observed. It is usually less compli­
cated than the diagnostic routine and is written to test 
for a very specific trouble. It is also more effective than 
the diagnostic routine for troubles that involve the con­
trol section of the computer and other troubles of a seri­
ous nature that cause radically incorrect behavior of the 
machine. This type of routine is also of use in the detec­
tion of highly intermittent errors where the lower-duty 
cycle of testing of some diagnostic routines might make 
the detection of the error less probable. 

Another systematic procedure for the detection of 
'Computer errors, which has always been in use on SEAC, 
involves marginal checking. In SEAC, most of the sig­
nal outputs of tubes are coupled to the rest of the cir­
'cuitry by the use of pulse transformers. By varying the 
de voltage to which these transformer secondaries are 
returned, it is possible to vary the effective output volt­
age of all tube and transformer stages in the computer. 

Only two such voltages need to be varied to affect al­
most all stages in the computer in the same manner. 
These two voltages can be used to provide an over-all 
marginal test of the computer or of individual chassis. 
It is often possible to set these voltages at such a point 
that only the single weakest stage in the computer will 
be effectively inoperative. It is also sometimes possible 
to increase the frequency of intermittent failures by this 
technique. The marginal check is incorporated as a part 
of the preventive-maintenance schedule. 

With one single area of the computer failing under 
marginal-voltage variations, the trouble is traced to the 
individual component that is to blame. Note that all 
during this period the operation of the system would be 
error-free under normal voltages. This forcing of the sys­
tem to fail allows trouble shooting to be performed on 
the computer during "cheap" time, that is, during a 
maintenance period rather than during time that would 
otherwise be scheduled for computation. For compo­
nents that are approaching the failure condition gradu­
ally, as in the case of vacuum tubes whose transconduct­
ance may gradually decrease, it is possible to anticipate 
failures during maintenance by marginal checking. The 
marginal check gives a nondestructive quantitative 
measure of the operating tolerances under which the 
machine is working. Another reason for the marginal 
check is to allow computer troubles to be debugged one 
at a time. If the failures are allowed to accumulate be­
tween maintenance periods, the situation will arise 
where there are two or more faults present in the com­
puter simultaneously. The difficulty in locating the 
source of malfunctioning under such conditions is vastly 
greater than the effort that would be needed to isolate 
them individually. The computer represents a very 
powerful tool for use in debugging many parts of its own 
in ternal structure. However, to allow the com pu ter to 
lapse into the degree of disrepair in which more than a 
single trouble is present at a time is to make it generally 
very difficult to use this powerful debugging tool. 

For over two years of operation, SEAC had no auto­
matic-checking facilities. All checks that were performed 
were programmed. For example, one checking procedure 
that was devised enables the computer operator to 
minimize the amount of time that is lost in the event 
of the detection of an error. Once every half-hour or 
hour during long runs, the entire contents of the high­
speed internal memory are recorded on a magnetic­
wire unit. Under the control of the program, this re­
cording is then read by the computer and a check sum 
of the recording is compared with the corresponding 
check sum of the contents of the memory. If the sums 
agree, it indicates that the recording has been made 
accurately, and the machine automatically resumes 
computation at the point in the main routine where it 
left off. The memory-recording routine requires only 
eight memory cells and is completed within less than two 
minutes when transferring the contents of the 1,024-
word memory. If the operator makes use of this routine, 
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he can insure that in the event an error is detected, the 
time lost will be no more than the time since the last 
memory recording was made. To resume computation 
at the point of the last memory recording, he simply 
reads the recording back into the memory. In a matter 
of a few seconds, the computer is recalculating in the 
part of the routine that occurred after the last recording. 
Not only is this routine useful for minimizing lost time 
due to errors, but it enables short periods of machine 
time to be used effectively in the solution of long prob­
lems. 

At the beginning of this year it was decided to incor­
porate some degree of automatic checking in one section 
of the computer that gave less reliable operation than 
other parts of the electronic circuitry. It was found 
that transient errors involving the change of a single 
binary digit would occur in the acoustic memory. Often, 
these errors could not be attributed to the failure of any 
single component. On the other hand, such errors were 
relatively rare in the main body of the computer which 
used more conventional circuitry. This was a case in 
which checking circuitry could be built that would have 
a margin of reliability considerably greater than that of 
the circuits being checked. The parity checker that was 
built incorporated standard SEAC-type tube and trans­
former stages with diode gating. After its initial experi­
mental stage, this checking circuitry was able to detect 
the great majority of errors in the acoustic memory. 
Because of the experience and success gained with this 
addition to the computer, investigations of the possibil­
ity of incorporating automatic checking for the input­
output and electrostatic-memory circuits are now under 
way. 

ANALYSIS OF THE SEAC LOG 

Whenever there is a failure in the operation of SEAC 
an entry is made in the Operations Log. These entries 
may be made either by the operator or by a technician 
or engineer. A record is also kept of all modifications to 
the computer. Because of the transient nature of some 
errors that the computer makes, it is not always possible 
to identify the cause with certainty. Therefore, it is 
often the case that an entry will simply record the loss 
of computing time with no explanation of the cause. 
A t the end of each week, figures are obtained for the 
operating efficiency of the computer. Operating effi­
ciency is defined as the ratio of productive computation 
during assigned time to total assigned time. The re­
mainder of assigned time after productive computation 
constitutes machine errors, overrun of engineering time 
into scheduled operating time, and downtime due to de­
bugging. 

A graph of the operating efficiency of SEAC for three 
years of operation is shown in Fig. 1. The average effi­
ciency for that time was 74 per cent. The ratio of code­
checking time to productive computation time is also 
shown. Only a small portion of operating time is needed 
for code checking because of such features as the auto-

matic monitor and the high-speed wire output which 
enable each operation to be monitored as it is performed 
and to be recorded rapidly on an output unit for later 
transcription to printed copy with auxiliary equipment. 

In order to understand the manner in which various 
failures have contributed to downtime on SEAC, the 
operation log may be analyzed. Naturally, some of the 
failures that are of a transient nature cannot readily be 
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Fig. i-Graph of operating efficiency of SEAC from 
October, 1950 to March, 1953. 

analyzed. However, a recent period of a month has been 
selected during which a large percentage of the failures 
that occurred during scheduled operation were capable of 
analysis. Of a total of 477 hours scheduled for computa­
tion during that month all but 112 hours produced 
error-free calculation. The operating efficiency of this 
period was therefore 77 per cent. Only about 12 hours of 
lost time could not be attributed to specific faults. Data 
from this analysis of the operation log are in Table I. 

In the first column is the cause of the failure. The sec­
ond column gives the number of individual cases during 
which computation was delayed due to a component 
failure. The numbers in this column are considerably 
greater than the total number of times that debugging 
was necessary because in many cases the machine errors 
were of a trivial nature that were easily detected or cor­
rected by the operator. The third column gives the 
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amount of downtime that was caused by these machine 
errors. The fourth column of the table gives an indica­
tion of the most common length of computation time 
lost as a result of the failure. The last column gives the 
number of individual components the failures of which 
caused the number of computer failures shown in the 
second column. 

TABLE I 

NATURE OF FAILURES ON SEAC FOR ONE MONTH 

Number Most Number 
Total Common of Com-

Cause of Failure of Downtime Length of ponents Machine Hrs.-Min. Downtime that Failures Hrs.-Min. Failed 

Diodes 8 6:05 0:30 3 
Vacuum tubes 

6AN5 3 2:30 0:45 2 
6AK5 3 2:35 0:45 2 

Input-Output and Mag-
netic Tape 29 14:20 0:30 -

Pulse Transformers 14 17:30 1 :00 3 
Experimentation 

0:25 Parity Checker 26 11 :40 -
Other 10 9:05 0:55 -

Electrical Connections 4 6:50 1 :30 4 
Switches 2 3:30 1 :45 2 
Adjustments 

Acoustic Memory 7 2:10 0:20 -
Magnetic Input-Output 

Units 9 5:25 0:30 -
Mechanical Equipment 13 4:45 0:20 -

Auxiliary Equipment 18 5:20 0:15 -
Miscellaneous 5 6:40 - -
Undiagnosed 20 13:30 - -

The table shows that during this time there were three 
diode failures. These were bad diodes that were not 
found during the preventive maintenance diode check. 
There were eight individual times during which these 
three diodes caused machine failures. All other failures 
among over 15,000 diodes were detected during the 
preventive check before they could cause machine fail­
ures. 

During this period of a month there were four tube 
failures that caused six failures in machine operation. 
The two 6AN5 tubes came from standard SEAC pulse­
repeater stages. They were rejected for low emission. 
The two 6AK5 tubes were removed from the acoustic 
memory. 

The most frequently occurring fault in SEAC opera­
tion involved the input-output equipment. In general, 
no component was at fault. Rather, mechanical varia­
tions that are difficult to control in such equipment were 
at fault. Because there is no automatic checking for the 
input-output, incorrect-data input often is not even de­
tected after the computation has progressed to the 
point where programmed checks occur, although for 
ordinary reading of program information, a checking 
routine is common. This minimizes the lost time from 
such input. The most costly input-output failures occur 
when the final computed results are incorrectly trans­
ferred to the output medium. 

The failure rate shown for transformers is not typical 
in SEAC operation. It does, however, serve to indicate 
the extent to which certain components cause loss of 
computing time all out of proportion to their frequency 
of occurrence. The transformers that failed during this 
time were all of the standard type used in the SEA C 

pulse-repeater stage. For over two years of operation, 
transformer failures were so rare as to make it unneces­
sary to do any checking of them. Furthermore, it was 
correctly anticipated that the most common type of 
failure that would occur was catastrophic in nature, and 
it is not easy to anticipate such failures by testing the 
suspected transformers. As a result, when these three 
transformers developed intermittent openings or shorts 
in their windings, they caused a great deal of trouble 
before they were located. 

It has already been mentioned that some failures in 
SEAC could be attributed to its use as an experimental 
machine. Shortly before the month in consideration, it 
was decided to install a parity checker for the acoustic 
memory. The new circuitry was debugged and installed 
in the computer. It began to detect many "errors," some 
spurious and others of such a nature that they would not 
cause computer malfunctioning. Eventually an error 
was found in the construction of the new unit, but not 
before it had caused a great deal of lost time on the 
computer. Now that' this circuitry has been thoroughly 
debugged, it is performing with the reliability that was 
anticipated and has succeeded in locating most of the 
transient errors in the acoustic memory. The remainder 
of the downtime attributed to engineering was caused 
by overruns of engineering time into scheduled com­
putation and by changes that were made during engi­
neering that were mistakenly not restored until after the 
engineering period had ended. 

SEAC went into operation with a number of joints 
unsoldered. At first, there were few malfunctionings 
due to these poor connections, largely because the wires 
involved were uncorroded. As the wires became cor­
roded, they caused malfunctionings and were conse­
quently located. It is safe to estimate that there are still 
a few of these unsoldered or rosined connections in the 
computer, although they are probably in uncritical 
areas. Most of the current troubles with connections 
arise from those that have become loose because of the 
extensive removal of components. When plug-in com­
ponents are removed, there is motion of the wiring on 
the plugs. In addition, for many of the voltage busses, 
there was inadequate provision to leave slack or stress 
loops in the wiring so that these connections have been 
rather prone to coming loose. During the month under 
consideration, there were four bad connections dis­
covered, a fairly typical number. 

In two cases during the month faulty switches caused 
machine malfunctioning. In terms of lost time, these 
were rather costly failures because the connections in­
volved were intermittent. Most of the switches in SEAC 
are rotary type and cause little failure. The push-button 
and toggle switches have been less reliable but only be­
cause they are used more frequently and enthusiastically. 

Although the next three adjustments shown in the 
table are performed during the maintenance periods, it 
has also been necessary to perform them between main­
tenance periods. The failures indicated generally oc-
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curred in groups in short periods before it was recognized 
that an adjustment was necessary, so that only about 
two of each type were necessary during the month. 

A coincidental situation accounts for the large number 
of failures due to auxiliary equipment during this period. 
Magnetic recordings of codes and input data are gener­
ally made at times other than when the operator is 
scheduled to operate the computer. In this case many 
such recordings had been made bu t were not used on the 
computer until some time later. When the faults in the 
auxiliary equipment were discovered, it was too late to 
re-record the data and lost time resulted. As a result of 
this experience, it was suggested to the operators that 
they use another auxiliary device, the outscriber, to 
check all inscriptions on wire by punching paper tapes on 
the outscriber and comparing the output tape with the 
originally-punched tape. This is recommended where 
there are no programmed means provided for checking 
the input from magnetic wire. 

During this month there were also five miscellaneous 
failures and 20 cases of machine failure not diagnosed. 

COMPONENT RELIABILITY IN SEA C 

Vacuum Tubes 

There are a total of 1,424 vacuum tubes in SEAC and 
its associated auxiliary equipment, comprising 32 differ­
ent types. However, since the type 6AN5 vacuum tube 
occurs more frequently than other types, discussion will 
be confined to this tube. A total of 1,050 6AN5 tube 
locations presently exist in SEAC. During the first three 
years of SEAC operation, approximately 2,500 6AN5's 
were used in the machine. Of these, 1,300 tubes were re­
jected for various reasons. Rejections were made almost 
exclusively during the preventive maintenance periods. 
Operational failures of 6AN5's in SEAC have been very 
few. During a 15-month period from February, 1952 to 
April, 1953, for example, it was necessary to replace only 
18 tubes during computation time. 

Fig. 2 shows graphically vacuum-tube survival for 
1,775 6AN5's used up to March, 1953. This group does 
not include the approximately 700 tubes associated with 
the Williams memory and short experimental develop­
ments. The curve has been plotted by considering 
batches of tubes installed within 500 hours of the indi­
cated average as single entities and weighting the points 
on a survival curve for such a group of tubes according 
to the number contained in each batch. This curve 
shows the percentage of tubes one would expect to sur­
vive after a given number of hours. 

When SEAC was first placed in operation there ex­
isted considerable variation in heater voltage in various 
parts of the machine. Accordingly, plate currents were 
measured with heater voltages at 5.7 as well as 6.3 volts 
to allow for abnormal heater voltage during use in the 
computer. If there was a drastic change in plate current 
when the heater voltage was decreased, the tube was dis­
carded as "heater sensitive." In addition to preventing 
weak tubes from being installed in stages having low 

heater voltage, it was thought that heater sensitivity 
might provide an indication that the tube would soon be 
rejected for low emission. Thus, in September, 1951, 
heater sensitivity was formalized in a specification which 
called for rejection of all tubes that showed a reduction 
of plate current of 25 per cent or more when the heater 
voltage was changed from 6.3 to 5.7 volts. This part of 
the specification was adopted even though at that time 
abnormal heater voltages had been corrected on all 
chassis. Approximately 55 per cent of all tube rejects in 
SEAC until June, 1953, were made for heater sensitiv­
ity. An analysis of tube data showed that after 8,000 
hours of service heater sensitivity was the main cause 
for replacement. (More detailed information on tubes 
and diodes used in SEAC is included in a Special NBS 
Computer Circular, which is in process of publication.) 
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Fig. 2-over-all tube survival versus time in service 
for 1,775 type 6AN5 tubes. 

During June of this year, an analysis of our 6AN 5 
vacuum-tube experience showed that heater sensitivity 
increases with tube age and is some cause for alarm if 
heater voltages fluctuate. It is not apparent, however, 
that heater sensitivity provides a definite indication be­
fore a serious slump in plate current. The analysis also 
indicated that the median life expectancy for tubes re­
jected for all reasons except heater sensitivity was 
10,000 to 12,000 hours, while if heater sensitivity was 
also included as a reject criterion, the median life ap­
peared to be 8,700 hours. Since June of this year, the 
heater-sensitivity test has not been included in the 
vacuum-tube test for the computer. Experience does not 
yet show that this increase in tube-life expectancy as a 
result of relaxing the heater-sensitivity requirement co­
incides with any material increases in the incidence of 
tube failures during scheduled machine operation. 

Germanium Diodes 

The basic measure of diode reliability in SEAC is the 
rate at which diodes cause machine failures. Since there 
are over 15,000 diodes in the computer, any substantial 
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failure rate would be intolerable. During the three years 
that SEAC has been in operation, however, this failure 
rate has been kept so low that diodes have been a minor 
consideration in the production of machine failures. 
Over the three-year period, diodes have had an in-opera­
tion failure rate of less than two per month. Table II 
shows the type of diode failures that occurred during a 
two-year period of regular machine operation. Those 
diodes with high forward voltage had a voltage drop of 
greater than 2 volts when a current of 20 milliamperes 
was passed through them. High back current was indi­
cated by more than 500 microamperes when 40 volts was 
applied in the reverse direction. Drift was indicated by 
a change of more than 300 microamperes in reverse cur­
ren t while the diodes were under test. 

TABLE II 
OPERATIONAL FAILURES OF GERMANIUM DIODES IN SEAC 

December 1950-December 1952 
, Total Diode Populations 15,676 

(Elapsed Time: 3,693 to 19,512 service hours) 

Nature of Failure N umber of Diodes 

High E, 
High h 
Drift 
Unspecified 

Total 

4 
14 
8 

13 

39 

The failures of Table I I are few indeed and are offset 
by the preventive rejects shown in Table III. The figures 
for the computer exclusive of acoustic memory are repre­
sentative of a period that is roughly half the period 
covered by Table II. The diodes came from sections of 
the computer (other than the acoustic memory) where 
environmental conditions were less harsh. The figures 
for the acoustic memory alone show the preventive re­
placements for a slightly shorter period than that of the 
computer alone. 

TABLE III 
PREVENTIVE MAINTENANCE REPLACEMENTS OF GER­

MANIUM DIODES IN SEAC 
December 1951-December 1952 

(Elapsed time: 10,830 to 18,905 service hours) 

Replaced for Total Total ------
Drift Replace- Popula-High High 

E, h ments tion 

Computer exclusive of 
acoustic memory 91 375 382 848 12,709 

Acoustic memory 20 65 340 425 2,967 

It can be seen from Table III that the diodes in the 
mercury memory suffered a much higher replacement 
rate than elsewhere in the computer. The memory data 
have been isolated in the tables because the conditions 
of inspection there were more rigorous and the condi­
tions of operation involved higher operating tempera­
tures than elsewhere in the machine. Inspections were 

made almost twice as frequently in the memory as else­
where in the machine, thus slightly increasing the rejec­
tion rate. 

The maintenance records of Table III do not include 
276 replacements made in all parts of the machine dur­
ing three short periods of poor operation in the summer 
of 1952. The air-conditioning equipment in those peri­
ods was inoperative during weather of unusually high 
humidity and temperature, operating conditions for 
which the machine was not designed. Ambient tempera­
tures for the diodes ranged from 45 degrees C. to 55 
degrees C. I t was also necessary in this time to discard 
an unusually large number of "spare" diodes (used for 
replacements in the computer), probably because of the 
hot and humid weather conditions. 

The weakest features of performance of the diodes are 
their tendency towards high back current and back­
current drift. Actually, SEAC circuitry is extremely 
tolerant of back current; currents five times greater than 
specifications are allowable in most places. 

I t has been estimated that if diode specifications had 
been chosen to cover specific applications in the SEAC 
circuitry and grouped into three or even two types, the 
preventive maintenance replacements shown in Table 11 I 
would have been materially reduced, perhaps as much 
as ten-to-one. Instead, at the time SEAC was designed 
it was decided in the interest of simplicity to use diodes 
to one specification-therefore all diodes were tested to 
the same specification as the ones used in the most criti­
cal part of the SEAC gating structure because the 
mounted configurations were not identified with circuit 
application. This tends to make diodes appear less reli­
able than they might actually be if typed according to 
application. This consideration becomes less important 
if preventive checking is not practiced and diodes are 
sought out and replaced only when failing. 

Miscellaneous Components 

In addition to tubes and diodes, four other types of 
components are used extensively in SEAC, namely, re­
sistors, electromagnetic delay lines, capacitors, and 
pulse transformers. Of these, only resistors, delay lines, 
and pulse transformers form a part of the actual com­
puter circuitry, capacitors being used solely to bypass 
places where excessive noise pickup would cause the 
generation of spurious signals. 

Resistors in SEAC circuitry are required to be within 
10 per cent of their design value. A set of measurements 
has been initiated to determine how far, in the three 
years of operation, resistors have varied from their ini­
tial rated value. The information obtained so far indi­
cates that about 1 per cent of the resistors in the com­
puter have exceeded the rated tolerance. These are being 
replaced as they are discovered. No records have been 
kept on the number of shorted or open resistors occur­
ring during the three years. Two or three resistors are re­
placed each month during preventive maintenance. 
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Infrequent troubles with delay lines have been due to 
corrosion of the solder joint connecting the fine wire of 
the line to its termination. About a dozen instances of 
this kind have been reported during the life of the com­
puter. 

Pulse transformers have caused very little trouble in 
SEAC until quite recently when shorted and open 
primary windings increased the incidence of failure. 
Another type of failure was caused by decrease of trans­
former inductance which results from spreading of the 
gap after failure of the clamping band. Mechanical de­
sign of the transformers has been changed to correct 
these troubles. 

CONCLUSION 

The extent to which SEAC has served as an experi­
mental machine during more than three years of opera­
tion is indicated by the increase in the number of vac­
uum tubes from about 750 to about 1,450. During a good 
part of this time SEAC was the only large-scale auto­
matic digital computer available to the government. Its 
record of productive computation coupled with its ex­
pansion and increasing power and efficiency of opera­
tion have proved that it is possible to operate a com­
puter for experimental purposes while obtaining useful 
computation from it. 

The most recent of the major modifications to the 
computer has been the addition of automatic checking 
circuitry. The principle followed in the addition of this 
feature was that the reliability of the system should be 
balanced. Since the standard SEAC pulse-repeater stage 
has proved very reliable for continuous operation, it 
was the basis of construction of checking circuitry. 

" Maintenance procedures have had considerable effect 
on the reliability of the system. The large-scale removal 
of diodes and tubes has resulted in trouble from these 
sources being reduced to the point where they are among 
the least troublesome of the components in the com­
puter. This has been accomplished at the expense of dis­
carding some com ponen ts that could have functioned 
in the computer for a longer time. If diode specifications 
were established on the basis of the circuit function for 
which use was intended, the number of rejects could 
probably be reduced by an order of magnitude without 
any loss in computer reliability. For vacuum tubes, the 
filament sensitivity test has proved to be too stringent, 
and by the elimination of this test, the number of tubes 
rejected can be decreased considerably. 

Input-output has proved to be the least reliable of the 
functions that the system performs. However, recogni­
tion of this has greatly reduced this trouble by the in­
corporation of programmed checks into routines that 
involve large amounts of input-output. 

New constructional techniques that have resulted 
from the experience with SEAC have been incorporated 
into DYSEAC. It is believed that the use of printed­
circuit techniques will materially reduce the troubles 
that have resulted from the wiring methods that have 
been used in SEAC. In addition, the need for more 
rugged construction of removable components which 
has been indicated by SEAC experience has been incor­
porated into the DYSEAC design. 

Three years of SEAC operation have helped make it 
a far more reliable machine than when first in operation. 
Weak elements have been eliminated, and the addition 
of new features have increased its power of operation. 

Discussion 
Harvey Rosenberg (Burroughs Adding 

Machine Corporation): How many control 
relays are used? What was their reliability? 

Mr. Kirsch: In SEAC there are about 
30 control relays. Most of them are asso­
ciated with the input-output equipment. 
Most of the relays are used for gating low 
voltages-that is, the voltage at the level 
that comes out of our step-down trans­
formers from the pulse repeater stage. So, 
problems like arcing and consequent cor­
rosion of contacts are not very common with 
us. I do not have actual figures on relay 
performance but I should say that they are 
an extremely reliable device as we use them. 

cannot say ahead of time that we know for 
certain that the computer is going to be 
functioning well. However, if a mathe­
matician suspects an error and if we respect 
the mathematician's suspicion, one thing to 
do is to put in a quick marginal check. This 
can be done quite rapidly on SEAC by the 
insertion of anyone of several diagnostic 
test routines and the variation of the two 
voltages that I mentioned. If the failure is 
highly intermittent and is not one that is 
susceptible of increase by marginal varia­
tions, there is nothing that we can do but 
return the machine to the mathematician 
and wait until this error occurs again. 

voltage test which consists of lowering the 
filament voltage from 6.3 volts, the nominal 
value, to 5.7 volts, at which value we meas­
ure the change in plate current. If there is 
more than a 25 per cent change in plate 
current, we say that the tube is heater 
sensitive. Our tube rejections over a period 
of about two years during which this test 
was used indicated that an increase in this 
heater sensitivity definitely occurs as the 
tube gets older. However, we have not been 
able to find any connection whatsoever be­
tween filament sensitivity and an imminent 
decrease in plate current, which is the im­
portant criterion in the SEAC dynamic 
gating stage. This heater sensitivity test 
has resulted in rejecting over half of the 
tubes that have been rejected preventively, 
but it has not proved to be a valid indica­
tion of imminent failure, so we have dis­
continued this heater sensitivity test. That 
is the full extent to which we have done any 
filament variations on the 6AN5's. Other 
tubes occur in such low numbers in SEAC 
that we have done no extensive experi­
mentation on them at all. 

R. Kopp (Headquarters, United States 
Air Force): If, as I understood you to say, 
you try to continue production after an 
intermittent malfunction is detected but not 
cured, how do you know whether the result­
ing production is of any value? 

Mr. Kirsch: Here we come to a problem 
with a nonoperational solution. It is very 
often a matter of what can, for want of 
something better, be called judgement. We 

R. E. Lyons (Department of Defense): 
Has lowered filament voltage ever been used 
as a means of marginal checking SEAC? If 
so, was it an adverse effect on the 6AN5's? 

Mr. Kirsch: Only recently did we in­
troduce equipment into the SEAC for the 
variation of all the filament voltages, so we 
have not had any experience with that. 
However, in installing the 6AN5's in SEAC 
and in testing them during the preventive 
check, we used to give them a filament 
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A Review of ORDVAC Operating Experience 

CHARLES R. WILLIAMSt 

INTRODUCTION 

T HE ORDVAC is one of three large-scale electronic 
computers located at the Computing Laboratory 
of the Ballistic Research Laboratories at Aber­

deen Proving Ground, Maryland. It is the newest com­
puter at the laboratory having been delivered in March, 
1952. It operates in the binary number system in a par­
allel asynchronous manner, and it uses an electrostatic 
memory. Input to the machine is by punched teletype 
tape or punched IBM cards. Output from the machine 
is obtained on punched IBM cards, a teletype page 
printer, or punched teletype tape. 

During the period from March 10, 1952 to October 2, 
1953, the ORDVAC was available for computation a to­
tal of 8,410.18 hours. The total engineering time was 
4,189.17 hours, and the remaining 1,104.65 hours was 
standby time. Standby time includes all the time during 
which no attempt is made to operate or service the 
machine. In one week the standby time is 168 hours 
minus the sum of the total engineering time and the 
total available time. 
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Fig. 1-0RDVAC weekly performance chart. 

MACHINE PERFORMANCE 

The ORDVAC' s performance to date is best described 
by the curves of Fig. 1. The lower curve is a weekly plot 
of the number of hours the ORDV AC had been available 
for immediate use. The period described is from March 
10,1952, when the ORDVAC was accepted by the labo­
ratory, until October 1, 1953, a period of 82 weeks. The 
upper curve of Fig. 1 represents the number of hours 
each week that the machine had power applied to it. 

t Computing Laboratory, Aberdeen Proving Ground, Md. 

The distance between the upper curve and the 168-hour 
line thus represents standby time, and the number of 
hours between the curves represents engineering time. 

During the earlier periods there was a considerable 
amount of standby time. The lack of sufficiently trained 
personnel and the lack of programs did not make it de­
sirable to maintain the machine over the weekends. As 
more programs were completed, however, and the ma­
chine load increased, it was soon learned that operating 
the ORDVAC without interruption reduced the number 
of troubles encountered on Monday morning and en­
abled it to be made available for use at an earlier time. At 
present, the only time that ac power is removed from 
the computer is for repair of its cooling equipment, or 
because of a building power failure. Standby time has 
averaged 13.54 hours per week. 

Fig. 2 illustrates the use that has been made of the 
ORDV AC by a comparison of the various classifications 
to which machine time is charged. 
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Fig. 2-Machine-time classification chart for an average week. 

Within the period under discussion at present, an 
average of 37.17 hours per week was spent on code 
checking, 38.29 hours per week spent in production, and 
23.03 hours per week classified as idle time. The title 
"idle time" is not intended to indicate that the machine 
is not in use during that time. The machine is made to 
run continually a test called Leap III, but it is available 
for other use at any time. Should the Leap III routine 
fail, the following time is immediately classified as un­
scheduled engineering until the cause of the error has 
been corrected, and the routine has successfully oper­
ated for fifteen minutes. 

Recently, after all scheduled problems have been run, 
the remaining time has been used for problem duplica­
tion in an attempt to discover any errors that may have 
occurred during a regular production run. Normally 
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problems are not duplicated unless suspected of being 
in error or, as just stated, unless time permits. Sufficient 
records have not been kept, but investigation has re­
vealed that approximately 10 hours per week are lost 
as a result of errors that have occured. It should not be 
assumed, however, that the number of errors vary 
directly with the number of hours lost, because an error 
may not be detected until several minutes or even hours 
after it has occurred. 

Perhaps one of the best yardsticks for measuring error 
frequency is the number of errors that occur over a given 
period while the machine is idle and running the Leap 
III test. During a three-month period in which the test 
was run 546.75 hours, the Leap III test failed 141 times 
due to the memory and 31 times due to the arithmetic 
unit. The average error-free running time was 3.2 hours. 
Again this figure is somewhat misleading in that the 
daily error frequency may vary widely. The time be­
tween the errors indicated above varied from a few min­
utes to a maximum of 24 hours. 

DAILY SCHEDULE 

The normal operating schedule includes three periods 
each day during which the performance of the ORDVAC 
is checked. The period between 0800 and 1000 hours 
is set aside for engineering purposes; at this time small 
changes and improvements may be made, troubles that 
may have developed during the night shifts are cleared, 
and, finally, the machine is tested by various self-check­
ing programs. Tests are again made at the conclusion of 
each working day and at midnight. Upon the success­
ful conclusion of the tests, the ORDVAC is released to 
the mathematicians who use it during the day. On the 
night shifts most of the production work is carried out 
by two technicians per shift who are in charge of the ma­
chine. They are not expected to understand the programs 
that are run, but they follow explicit instructions that 
are left by the mathematicians. This system has worked 
quite well. Usually, when a coder arrives at the labora­
tory in the morning he can expect to find that his pro­
gram has been completed. 

In the course of an average week 30 different problems 
are placed on the ORDVAC. Each problem may be 
placed on the machine several times each week. Ballistic 
computations, such as firing and bombing table5, and 
trajectories for guided missiles and rockets, form about 
40 per cent of the work done by the ORDVAC. Vulner­
ability computations and data reductions form 25 and 
20 per cent respectively. Research problems form 10 per 
cent and systems tests form 5 per cent of the work. 

TESTING THE MACHINE 

Three classes of tests are used fo test the units of the 
ORDVAC. A read-around-ratio test is used for checking 
the memory; an input-output test is used to test the 
teletype and card-handling equipment; and the Leap III 
test already mentioned is used to test the arithmetic and 

control section and to give a further check on the mem­
ory. 

Any electrostatic-type memory is subject to a fault 
which is known as read-around-ratio. In this paper, 
read-around-ratio refers to the maximum number of 
times that anyone position in the memory may be con­
sulted without causing errors in adjacent positions. A 
routine is used to scan the entire memory to discover 
any position or area that may be in an unnecessarily 
poor condition. 

The present memory uses a three-dot system, which 
has the characteristic of being susceptible to failures of 
both ones changing to zeros and zeros changing to ones, 
should the read-around-ratio exceed a safe figure. Two 
tests are used to determine the read-around-ratio. They 
are similar except for the method of sensing a failure. 

The routine is placed in the lower part of the memory 
from which it automatically proceeds to test the upper 
half. A number read into the machine from teletype tape 
determines the number of times each spot is bombarded 
before the adjacent spots (which had been previously 
cleared to ones or zeros, depending on the test) are 
scanned for failures. After half of the memory has been 
tested, the program is transferred to the tested area 
from which it proceeds to test the second half. Failures 
are indicated by a printed word identifying the cathode­
ray tube involved and the address that was consulted. 
Up to a point, failures can usually be eliminated by the 
proper adjustment of the voltages on the cr tubes. 

The input-output units are tested by a simple process 
of reading identical information into the machine from 
both teletype tape and cards and immediately punching 
out the same words. Comparison is made automatically, 
and discrepancies are printed out on the teletype page 
printer. 

Perhaps the most thorough test is the Leap III test 
men tioned earlier. It is a revised version of the original 
Leap frog test written for the ORDVAC while it was 
still at the University of Illinois!; its name is derived 
from the manner in which it moves itself through the 
memory. In a period of about fifteen minutes, the rou­
tine moves in such a way that each order in it has occu­
pied every memory address. Throughout the leaping 
process a self-checking system of arithmetic operations 
using pseudo-random numbers is carried out. If an arith­
metic or storage error is detected, a set of twelve num­
bers are printed to reveal the nature of the error. 

Occasionally the routine may fail in such a way that 
no useful information is obtained from the printed mat­
ter if, indeed, anything is printed at all. In this case a 
special routine is used to search the entire memory for 
the location of the program and then compare it with a 
correct copy. 

It can be seen that the ORDVAC is used as much as 
possible to test itself by a highly repetitive use of its 

1 For a more detailed discussion of a similar test, see D. J. Wheeler 
and J. E. Robertson, "Diagnostic programs for the ILLIAC," PROC. 
l.R.E., vol. 41, pp. 1320-1325; October, 1953. 
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components. In this way, marginal and intermittent er­
rors may be detected that would otherwise not be found. 
The usual memory errors are not to difficult to repair; 
the causes of arithmetic err Drs are somewhat harder to 
detect as their effects may propagate. Intermittent fail­
ures are especially troublesome if the error frequency is 
low. In this case an attempt is made to increase the 
error rate by using special routines which strain the cir­
cuits to their limits, by vibrating the circuit compo­
nents, by varying filament or supply voltages, or by a 
combination of the above. 

ENGINEERING 

It was mentioned before that during the nineteen 
month period under discussion the total amount of engi­
neering work on the ORDVAC amounted to 51.36 hours 
per week. Broken down into scheduled and unscheduled 
engineering columns, the time was about evenly di­
vided. They were 25.27 and 26.09 hours per week, re­
spectively. Any engineering which necessarily interrupts 
the normal operating schedule without advance arrange­
ment is classified as unscheduled engineering. In addi­
tion to the time taken each day to test the machine, 
scheduled engineering includes all the time which is 
taken for modifications to the machine. The major 
effort which has been made in the way of modifications 
to the ORDV AC has been devoted to the input-output 
system and to the memory. 

INPUT-OUTPUT MODIFICATIONS 

The ORDVAC was delivered to the Ballistic Research 
Laboratories having as input a standard speed, five-hole 
teletype tape reader, and as output, a teletype page 
printer. Using this equipment, the time necessary to 
load the entire memory of 1,024 addresses was 38 min­
utes. The time necessary to print the contents of the 
en tire memory was the same. No change has as yet been 
made in the page printer. It was realized quickly, how­
ever, that a change was necessary in the input in order 
to speed up the operation of the computer. Within a few 
weeks after the ORDVAC was placed in operation a con­
trol circuit had been designed and built for a modified 
tape reader which now allows information to be read 
into the machine at five times the previous rate; that is, 
the memory can now be filled in 7.5 minutes. This unit 
has performed exceptionally well, but input and output 
are still the big bottlenecks to more efficient use of the 
ORDVAC. 

It is interesting to note the manner in which the Uni­
versity of Illinois has in the past used the ORDVAC re­
motely. The University would send to the Ballistic Re­
search Laboratories a program through regular teletype 
channels which would be placed in the ORDVAC after 
insuring that the program had been received correctly. 
Answers were obtained on tape and returned to the Uni­
versity by mail or by the teletype channels. Thus the 
ORDVAC is available to any laboraory in the country 
having the necessary coding staff. 

The most important change in input-output has been 
the addition of card-handling equipment. Before March, 
1952, it was realized that card-handling equipment was 
desirable. The ORDV AC was to be placed in a labora­
tory with two other large-scale computers, the ENIAC 
and the EDVAC. The ENIAC already used punched 
cards, and such a system was being devised for the 
EDVAC. 

There were two possible systems to be considered. 
The first was an external system in which information 
punched on cards was to be automatically converted to 
its binary equivalent by external apparatus. The second 
was an internal conversion system based on utilizing the 
ORDVAC itself to accomplish the necessary transfor­
mation. The second method was chosen. 

The advantage of the internal system lay obviously in 
the elimination of the necessity for extensive additional 
equipment; and since established machine operations 
were utilized, the maximum in reliability was obtained. 
Another advantage was that less time was required to 
complete the addition of the equipment to the ORDVAC. 
The greatest disadvantage of the internal system was 
that a significant portion of the memory capacity was 
committed to the conversion program. The space re­
quired for both input and output conversions has 
amounted to 200 words, approximately one-fifth of the 
memory. Recent improvements of the memory, how­
ever, have made it possible to reduce the size of the 
program. 

READ 

CONTROL 

B+ 

Fig. 3-Block diagram of the card input-output system. 

The system is based on double-register gating in 
which the entire 80-column output can be gated to or 
from the ORDVAC simultaneously. A block diagram of 
the system is shown in Fig. 3. An electronic control cir­
cuit which is actuated by signals generated in the card 
punch or card reader allows thecontents of the ORDVAC 
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registers to be stored in the memory or changed in the 
interval between punching or reading successive rows 
on a card. 

This system has proved quite reliable and is pre­
ferred to tape by the mathematicians. The usual prac­
tice is first to prepare a program on tape and immedi­
ately transcribe it to cards with a special routine that 
automatically reads from the tape and punches, in 
binary form, twenty-four words per card. Cards are 
used thereafter. 

Several forms of input may be used. One form, just 
mentioned, in which 24 words per card are used, allows 
the memory to be filled in about 30 seconds. Another 
form of input, used for decimal data input and for which 
the 200-word input-output conversion routine is re­
quired, allows only eight decimal words to be punched 
on a card. Each card may be read into the ORDVAC in 
1,033 milliseconds; this is equal to a rate of about 60 
cards per minute. Data cards of this type may be used on 
either the ORDVAC ortheENIACand may be handled 
with the usual card-handling equipment. By a third 
input method, 12 words are read from a card and stored 
in the machine by a repetition of an "order pair." 

MEMORY' 

The electrostatic memory has always been the ORD­
VAC's weakest unit. Prior to June, 1953, the memory 
operated rather consistently at a read-around-ratio of 
10 to 16. A restriction of 10 placed on the coders resulted 
in slower routines or routines that occupied a larger por­
tion of the memory. In addition to read-around-ratio 
difficulties, there existed the problem of obtaining cr 
tubes whose screens were free of impurities. Type 
3KPl cr tubes were used for storage. Approximately 25 
per cent of those tested were acceptable; most of the 
rejections were due to impurities which could cause 
improper storage. Until May, 1953, approximately 60 
cr tubes were removed from the machine for various 
reasons: About two-thirds of the total number were re­
moved because of the impurities in their screens; five 
were removed without proper cause; and the remaining 
tubes were removed because voltage adjustments could 
no longer hold the read-around-ratio of those tubes 
above 10. No cr tubes have burned out under normal 
operating conditions, although five were burned out 
when subjected to abnormal conditions. 

In May, 1953, it was learned that the University of 
Illinois was obtaining improved read-around by using 
a three-dot system.2 In this system, as used in the ORD­
VAC, two dots represent a one, and three dots represent 
a zero. The first and third dots occur at the same loca­
tion. 

The change over from a two-dot system was made 
about June 1, 1953. Considerable difficulty was en­
countered with the sensing pulse; and, in order to 
strengthen it sufficiently so that its excursion would not 
vary with the number of zeros sensed, it was necessary 

2 J. M. Wier, "Recent Improvement of ILLIAC Memory," Univ. 
of Illinois Graduate College, Digital Computer Laboratory, Internal 
Report no. 45; March 25, 1953. 

to incorporate a pulse transformer into the circuit. The 
new system caused the read-around-ratio to be increased 
by a factor of three so that it then varied between 32 and 
48. 

In the hope of further improving the reliability of the 
electrostatic memory, a number of type C73376B cr 
tubes, which are under development by RCA, were ob­
tained and installed in the ORDVAC.At this writing they 
have been in the ORDVAC 1,500 hours and seem to be 
operating satisfactorily. The read-around-ratio is at 
present guaranteed to be 80 and is usually 100; the flaw 
problem no longer exists since these tubes are virtually 
flaw free: Although the reliability of the memory has. 
been increased, the improvement is not very noticeable 
in Fig. 1. Unfortunately, a series of arithmetic errors, 
which were for the most part due to a group of bad 
solder connections, temporarily counteracted the im­
proved memory performance. 

The greatest difficulty experienced with the new tubes 
was due to their centering characteristics. Upon installa­
tion a large number of tubes had to be immediately re­
moved, because corners of the 1024 spot raster projected 
beyond the useful surface of the screen. Ten tubes were 
removed for this reason. The ORDV AC, like most ma­
chines using electrostatic memories, operates its cr tubes 
in a parallel manner; thus a positioning of the raster 
which is beneficial to one tube might render the other 
tubes completely useless. 

A test was made on the centering of 40 type C73376B 
cr tubes and, for comparison purposes, on 40 type 3KPl 
tubes chosen at random. The results indicated that the 
experimental tubes were somewhat inferior in this re­
spect. 

In the design of an electrostatic memory, careful con­
sideration should be given to the problem of centering 
the raster in the cr tubes if the maximum benefit is to be 
obtained from the unit. It is believed that in a three­
inch tube the undeflected beam should be positioned by 
some method internal or external to the tube to within 
2.5 mm of the center of the tube face. 

Three tubes have since been removed from the ORD­
V AC because of the deterioration of the quality of the sig­
nals presented to the regeneration amplifier. The signals 
degenerated to the point that adjustments of the tube 
voltages would no longer make the signals reliable. 

PREVENTATIVE MAINTENANCE 

In September, 1952, a tube-removal program was 
initiated as a part of a preventative maintenance pro­
gram. Since almost all of the troubles encountered were 
the result of shorted or low emission tubes, it was be­
lieved that such a program would be helpful in eliminat­
ing a potential source of trouble. Blocks of tubes were 
removed at two-week intervals, and were replaced by 
new ones. The location and the number of tubes in­
volved were dependent upon the area in which troubles 
had been occuring most frequently, The number usually 
varied from 50 to 100. At present the ORDVAC hasoper­
ated about 18,000 hours, and virtually all of its 3,000 
tubes have been replaced at least once. The effect of the 
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block-tube change was felt almost immediately, and the 
procedure is believed to be an important factor in the 
gradual increase of available time noted in Fig. 1. 

Within a period of eight months, 850 tubes were re­
placed in blocks; out of these tubes, 394 would not pass 
the inspection given all tubes that are used in the ORD­
VAC. The tubes used in the computer are, for the most 
part, types 6J6, 2C51, and 5687. Upon inspection it was 
found that about 50 per cent of the 6J6 type were bad. 
The most frequent cause of failure in this type tube was 
"shorted" elements. "Shorted" is meant to include those 
tubes whose elements were joined by a high-resistance 
path so that a leakage current was detected upon inspec­
tion. About 30 per cent of the 2C51 type tubes were 
found to be bad. Again, the most frequent cause of 
failure was "shorted" elements. The greatest percentage 
of bad tubes was found among the 5687 type. About 75 
per cent of these would not pass inspection. The major­
ity of the rejections in this case was due to low emission 
and cathode-to-heater leakage. It is interesting to note 
that the ORDVAC had been operating rather satisfac­
torily with such poor tubes in use. 

The major cause of trouble in the ORDVAC has been 
tube failures. The conservative design, in which a 
safety factor of two was used in the rating of com­
ponents, has made other failures practically nonexistent. 
Occasionally, however, bad solder connections do ap­
pear, as noted before, and they usually appear in groups. 
Recently, the cause for a great many adder failures was 
eliminated by the discovery of a wiring error which 
caused 200 volts to be applied between the heater and 
cathode of 50 tubes. Such wiring errors are difficult to 
eliminate except through continued use of the machine. 

Perhaps one of the greatest potential sources of 
trouble in a machine is dust or dirt. In almost any in­
stallation some dirt is certain to enter the cooling sys­
tem regardless of the elaborateness of the filtering sys-

tern. Simply exposing the components for necessary 
maintenance will allow a great deal of dust to enter the 
system. A computer using an electrostatic memory is 
especially susceptible to dust, unless it is elaborately 
protected, because the high-voltage wiring forms a fine 
precipitator. This has been one of the great sources of 
trouble in the ORDVAC-not great in the sense of oc­
currence, but great in the sense of damage that may be 
done. 

During the summer of 1952, sufficient dust had col­
lected on the wiring so that the 2,000 volts arced to 
ground in a number of places. The damage included sev­
eral clamping tubes that were exploded, at least six­
memory chassis that had to be replaced, and five cr 
tubes that were burned out. The arcing was eliminated 
by floating the high-voltage system and supplying it 
with a high impedance variable high voltage. In a dark­
ened room, the arcs were both audible and visible, and 
they were eliminated by cleaning and separation of the 
wiring where possible. The manner in which the ORD­
VAC is constructed makes proper cleaning almost im­
possible, but a little care has thus far prevented a re­
occurrence of the trouble. 

CONCLUSION 

Recen t im provemen ts to the electrostatic memory 
have removed certain restrictions on coders and have 
led to shorter and faster programs. 

A preventative maintenance program consisting 
chiefly of periodic tests and a systematic exchange of 
tubes, along with the improvements to the ORDVAC, 
have resulted in an average of 103.10 hours out of a 
possible 154.46 hours each week over a period of 19 
months being made available for computation. It is ex­
pected that even a higher number of available hours will 
be obtained in the future when procedures are perfected 
and operators gain more experience. 

Discussion 
Harvey Rosenberg (Burroughs Adding 

Maching Corporation): How many control 
relays are used? What was their reliability? 

Mr. Williams: In addition to the few 
relays used to control the power to the 
ORDVAC there are six telephone-type re­
lays and one stepping relay which are used 
in conjunction with the teletype output sys­
tem. No trouble has been experienced with 
the power control relays; the stepping relay 
has required minor adjustment only three 
times in two years; and it has been neces­
sary to replace two of the telephone-type 
relays because of broken contact arms. 

Mr. Williams: Before all tubes are placed 
in the ORDVAC they are given four tests. 
The first is a very simple short test in which 
the tube is tapped manually while a neon 
is watched. No attempt is made to actually 
measure the resistance between elements. 
The second test is an emission test. The 
third test is a cut-off test. If I remember cor­
rectly, in this test about 20 volts bias is 
placed on the tubes and no more than about 
50 microamperes plate current is allowed 
to flow. The fourth test is a filament-to­
cathode leakage test in which no more than 
50 rna current at 150 volts is allowed. Tubes 
are not pre-burned at present, and few tube 
failures can be credited to this fact. 

corrected? How was transmission of errors 
verified? 

Mr. Williams: In answer to these ques­
tions I will go into more detail on the man­
ner in which the tapes were handled. The 
University of Illinois initiated contact by 
transmitting their program directly to the 
Signal Corps office at Aberdeen Proving 
Ground, preceeding the program with in­
structions to the ORDVAC operator. Im­
mediately upon receipt of the tape, it was 
transmitted back to the University of Il­
linois where it was compared with the origi­
nal copy. If an error was detected upon 
comparison, the procedure was repeated 
until a correct transmission was verified. In 
a one month period during the summer of 
1952 transmitting time averaged about 
forty-five minutes a day. There were several 
human errors made in this period, but there 
were only two mechanical errors. 

B. B. Paine (Massachusetts Institute of 
Technology): Could you elaborate on the 
tube acceptance test program? Is pre­
burning used? 

E. L. Harder (Westinghouse Electric 
Corp.): Were errors detected in the tele­
type transmission from the University of 
Illinois? How many? How detected? How 
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Some Remarks on Logical Design and 
Programming Checks 

HERMAN H. GOLDSTINEt 

I SHOULD LIKE to discuss two topics which are of 
some interest. One, is it possible to construct out of 
elements which are known to be imperfect a logical 

automaton which will have a given degree of reliability? 
Two, given a machine, what can one do by way of pro­
gramming checks to insure accuracy of the final results? 

Little has been done on the first problem beyond the 
primary and extremely important work of von Neu­
mann in this field. This work was presented by him in a 
series of lectures at the California Institute of Technol­
ogy in January, 1952. I wish mainly to tell you about 
this work. Imagine that you are going to construct an 
instrument out of certain basic organs, such as vacuum 
tubes, relays, etc. each one of which has a certain prob­
ability, E, of failing to perform a function correctly. 
Can this instrument, or rather logical automaton, be so 
designed that it will function with a given pre-assigned 
degree of reliability, i.e. with a probability of failure less 
than some preassigned value? That is to say, can the 
mean free path between failures be made as large as 
you please? Now let me describe briefly the elementary 
logical building blocks out of which an automaton can 
be built. These blocks are the tools on which the rest of 
the discussion is based. Such a construction was shown 
on paper by the English mathematician Turing.1 

There are three elemen ts which will be of in terest to us 
in this connection. All these are devices with two inputs 
and one output. The first is sometimes called a logical 
"and" element. It has the property that it will give out 
at a certain time a signal on its output, if and only if sig­
nals are present on each input. The second, a logical 
"or" element, is a device such that if a signal is present 
on either one or both of these inputs, there will be a re­
sponse at the output. The third type which is of interest 
is the logical "and not" element. The output has a re­
sponse if and only if there is a signal on the first input 
and not on the second. It can be shown that by means of 
these organs a logical automaton can be constructed. 
The remarkable work of Turing was followed with 
papers by Pitts and McCulloch, in which essentially 
this type of notational technique was used to study 
neurological problems. All these discussions, however, 
assumed that the basic elements had exactly the proper­
ties just mentioned. The question that von Neumann 
raised was the following: Suppose that these elements 
do not act exactly in the fashion stated, but rather that 
they have a finite probability E of failing to perform 
properly. Then, can they still be put together to form, 

t The Institute for Advanced Study, Princeton, N. J. 
1 Proc. London Math. Soc., vol. 42, pp. 230-265; 1937. 

say, a computing machine, which will have a pre-as­
signed degree of reliability? 

To indicate the mode of analysis met with in von Neu­
mann's theory, let us consider an extremely simple situa­
tion, a primitive memory cell. We choose a perfect 
logical "or" element and "feed" the output back in as 
an input. If this unit is ever excited, it will remain so­
we assume the response to come one "time unit" later 
than the stimulus. Now suppose, instead, that this ele­
ment has a probability E of failing. Then if ps is the prob­
ability that it will be excited at time unit s, we have 

ps+1 = E(l - Ps) + (1 - E) ps, 

or equivalently for small E 

ps+1 - 1/2 = (1 - 2E)(ps - 1/2) 

~ e-2ES (po - 1/2). 

Thus as s increases, ps+1 approaches 1/2, i.e. it becomes 
equally likely that the unit will or will not be excited, 
independently of the original state. In spite of this pessi­
mistic picture it is possible to arrange elements to pre­
vent such degradation of information or performance, 
as we shall see. 

Von Neumann shows that the basic blocks described 
above may be replaced with a single one. Consider his 
"majority" organ. It is a three-input unit whose out­
put responds if and only if at least two inputs are stimu­
lated. Now suppose that the probability of failure of this 
organ is E, and the probabilities of wrong signals on the 
inputs are 7]1, 7]2, 7]3, respectively. The question now is, 
"What is the probability that an error signal will ap­
pear on the output?" A gross over-estimate for this 
probability is 7]1 +7]2+7]3+E. Since many of these organs 
are to be used in cascade, it might seem that the prob­
abilities of error would cumulate enough to prevent the 
desired construction. Fortunately one can make cer­
tain assumptions about the way the organ is to be used. 
It can be shown, using sharper estimates, that under 
these assumptions the error does not grow beyond 
bounds. Suppose that the probabilities of errors on the 
input lines are indpendent, and that under the proper 
functioning of the network these lines are always in the 
same state of excitation: the lines are either all stimu­
lated or all not stimulated. This latter assumption seems 
quite restrictive; however, it can be shown that in build­
ing an automaton almost all the organs used can have 
this property. So, under these assumptions, it may be 
shown that the probability () of failure of a perfect 
organ, due to in pu terrors, is 
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This is the probability that at least two of the wires will 
be wrongly stimulated. The probability of failure of an 
imperfect organ is 

ij = (1 - e)fJ + e(l - fJ). 

If we replace the numbers 7]1, 7]2, 7]3 by an overbound 7], 
we have 

ij = e + (1 - 2e)(3'12 - 2'13). 

Can this number be itself smaller than 7]? It will be 
shown below that the answer is, under certain circum­
stances, yes. The fact that we can make ij not greater 
than 7] means that the output of this organ will have a 
probability of failure which is not worse than the prob­
ability of failure of any of the input lines; it suggests the 
possibility that one could build an organ which would 
not be progressively degenerative in character. This, 
among other things, is what von Neumann has shown. 
Oneway to do it is the following:Suppose that the autom­
aton to be constructed is a "black box" with many 
inputs. Let us make this box in triplicate and parallel 
the inputs. We have triplicated the size of the system, 
and we are now going to ask for a majority vote. That 
is to say, we will examine the outputs of these three units 
and take as correct the output of two out of the three. 
If 7] is an upper bound for the probability of error at any 
input of anyone of these three organs, then the prob­
ability of error at the output is the ij derived above. How 
does ij depend on 7]? We consider the function ij of 7] 
on the interval ° to 1. For e ~ 1/6, we have ij nearer to 
1/2 than 7] is. Thus in a cascade of such elements with 
e ~ 1/6, ij will tend to 1/2, i.e. the system will degrade to 
a state of indifference. We must therefore suppose 
e < 1/6. In this case we shall see that ij will tend to 
7]0 = e+3e2+ . . .. For e < 1/6, the curve 7]* = ij (7]) 
intersects the line 7]* = 7] in three points: 

'1* = 1/2, ( /1=&) '1* = '10 = (1/2) 1 - 1 -- , 
1 - 2e 

( 11=&) '1* = (1/2) 1 + --. 
1 - 2e 

In the interval (0, 7]0) rJ ~ ij ~ rJo; in (rJo, 1/2), rJo ~ ij ~ rJ; 
thus in cascade ij will tend to rJo. 

This heuristic argument suggests the possibility of 
constructing an automaton with probability ~e+3e2 
of failure, out of basic elements with individual prob­
abilities of failure e, provided that e is not more than 
16 per cent. A rigorous argument has been made by 
von Neumann. It shows that the total number of organs 
needed is of the order 31-', where p, is a measure of the 
number of organs to be cascaded. A value of p, of about 
160, which is not unreasonable, gives 31''''-'2 X 1076 ; this 
is more than the total number of electrons. This value 
results from triplicating rigorously, as required by von 
Neumann's construction. It will be of great interest to see 
whether substantially more favorable estimates can be 

obtained by modifications of his construction, and 
whether significant improvements would obtain by al­
terations in the performance requirements. 

He also has attacked the problem along quite differ­
ent lines. This involves multiplexing of the lines carrying 
information. Each majority organ of the original autom­
a ton is to be replaced by a new organ having bundles 
of N wires instead of single ones for inputs and outputs 
An in pu t is regarded as stim ula ted if at least a certain 
number, say (l-o)N, of the wires of a bundle are stim­
ulated, and as not stimulated if at most 0 N are. If a 
number between these is stimulated, an error is regarded 
as having occurred. 

To construct an automaton using bundles instead of 
single wires it is desirable to use two types of organs, 
restoring and majority. The former, is as the name 
suggests, used to overcome degradation of information 
content of a bundle by causing all output wires to be 
stimulated or not, depending on the number of stimu­
lated input wires, according to the definition above. (A 
trivial example of a restoring organ is a majority organ 
whose output is triplicated, in this sense: if we think of 
the three inputs as being a bundle, then none or one of 
the wires of the bundle stimulated produces zero stimu­
lated at the output, whereas two or three stimulated 
produces three.) It is not difficult to show how a major­
ity organ in this system can be built out of those we have 
discussed previously. 

Von Neumann shows that 0 = 0.07 is in some sense 
most favorable. For this value, and for e of not less than 
0.0107, it is not possible to improve the reliability of the 
system beyond a certain point no matter how large N 
may be; he accordingly chooses e= 0.005. Then for 1,000 
lines in a bundle the probability of malfunction is 2.7 X 
10-2; for 10,000, 1.6 X 10-10 ; and for 20,000, 2.8 X 10-19. 

Let me now say a few words on programming checks 
into computations in order to monitor the accuracy ot 
calculated results. (The succeeding speaker will, I un­
derstand, discuss checking by circuit techniques.) The 
mathematical operator has two tasks. He has to insure 
first that the initial code is correct, and second, that the 
machine does not malfunction during the operation of 
the problem. The debugging phase of the problem and 
detection of errors in the machine are interrelated and 
may be treated similarly. During the debugging phase 
the operator is interested in finding out whether the 
code reflects precisely the mathematical algorithm. This 
task appears different from watching the machine for 
errors, but in reality it is not. An error either of the 
code or of the machine itself is to the operator a failure 
to produce a correct result. So he can act as if both situ­
ations were the same, and prepare his techniques ac­
cordingly. These center principally around redundancy 
techniques. By that I mean the following: in order to 
find out whether the machine is proceeding correctly, 
whether this be a trouble in the code or in the machine, 
the mathematician can introduce into the problem cer­
tain conditions which must be satisfied if the calculation 
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is proceeding correctly. Let me give a simple example. 
Suppose that the calculation consists of the numerical 
integration of the differential equations describing a con­
servative system, i.e. one in which the total energy must 
be conserved. If a periodic calculation of the total energy 

gives agreement with the initial energy, the operator 
has a fair assurance both that his code is correct and 
that the machine is not malfunctioning. One can, in a 
great many problems find some rather deep redundancy 
which will serve as such a check. 

Discussion 

M. Stateman (Sylvania Electric Co.): 
Would you give the specific references and 
availability of pertinent papers by von Neu­
mann and Pitts? 

H. H. Goldstine: I can give references to 
von Neumann's paper, Pitts, McCulloch, 
Turing, and one other paper which is also 
relevant. The fundamental paper is by von 
Neumann. I t consisted of a set of lectures 
delivered by him. The title of the paper was 
"Lectures on Probabilistic Logics and the 
Synthesis of Reliable Organisms from Un­
reliable Components." These were lectures 
delivered by von Neumann at the California 
Institute of Technology, January 4-15, 
1952, and they were prepared from notes 
by R. S. Pierce. The W. S. McCulloch and 
W. Pitts papers are in the Bulletin of Mathe­
matical Biophysics, vol. 5, pp. 115-133; 
1943. The paper of Turing's, which is the 
first paper I know of on the subject, is in the 
Proceedings of the London Mathematical 
Society, vol. 42, pp. 230-265; 1937. There 
is also a paper by Kleene which is a Rand 
memorandum. 

Kenneth Rose (Burroughs Adding Ma­
chine Corporation): In connection with the 
figures given on the effectiveness of multi­
plexing, it should be pointed out that von 
Neumann assumed a probability of error of 
0.005 in each component. Such unreliability 
of course affects the results. 

Mr. Goldstine: This is perfectly true. In 
discussing the results on multiplexing, I for­
got to make mention of the following facts. 
In getting the final estimates, von Neumann 
made the assumption that the number delta 
was 0.07. That is to say that a signal of one 
sort ("Yes" or "No") would mean that at 
least 93 per cent of the wires were stimu-

lated and the other sort not more than 7 per 
cent, the error band lying in between. Hav­
ing made the assumption of delta of this 
size, the epsilon then comes out to 0.005, or 
a half of 1 per cent reliability. 

H. Campaigne (National Security 
Agency): You said that with 1,000 wires re­
liability of 2.7Xl0-2 could be achieved. 
Would you repeat that statement empha­
sizing the conditions under which it holds? 

Mr. Goldstine: The statement is essen­
tially of this sort. In making final error esti­
mates, one has a probability integral, the 
size of which he estimates. If you tabulate 
the number of lines in a bundle against the 
probability of malfunction, then at the low 
end, say for 1,000, the probability is 2.7X 
10-2, and at the high end, say 25,000, this is 
1.2 X 10-23. Now to indicate what this means, 
let me consider an example. Suppose that 
you want to operate a machine, a computing 
machine, with 2,500 vacuum tubes. Sup­
pose furthermore that each vacuum tube is 
actuated once in every five microseconds. 
Suppose you want to run with a mean free 
path of eight hours between errors. This 
means that you will perform about 1.4 X 1013 

actuations, which means then that if you 
take the tabular data you find that you 
want a multiplexing of about 14,000 wires. 
Again comparable statements could be 
made about the number 2.7XlO-2• You see 
that in order to evaluate the probability of 
malfunction one has also to measure the 
speed of operation of the machine and the 
mean free path that one desires between er­
rors. 

C. Huang (Sylvania Electric Products): 
Would you please give a general comment on 
the relationship between 11*, 11 and e, and 
how to minimize 11*? 

Mr. Goldstine: That formula, as you 

recall, was not from the multiplex case. It 
was in the other case of attempting to 
achieve a reliable arrangement by taking a 
majority of three. The formula there was of 
this sort: 

11* = e + (1 - 2e) (3112 - 2113). 

In the first place we indicated that e 
wanted to be less than 1/6 in order to get any 
reliability at all. The number e was the prob­
ability that a basic organ would malfunc­
tion. 11 was an overbound for the probability 
that anyone of the input leads to anyone of 
the basic organs would carry the wrong in­
formation. 11* was the probability that the 
output of a given organ would malfunction, 
that is, the output would be erroneous. You 
cannot exactly minimize 11* because what 
you are interested in is a sequence of these 
organs, one feeding to the next. What you 
'have to do is this: You start with a given 
organ with a given probability 11 coming in. 
The output has a probability 11* that is fed 
into a second organ. You then get another 
11* out of the second organ. The problem that 
is relevant here is, "What in effect is the 
limiting or the asymptotic value of this?" 
In other words, "If you operate a very long 
sequence of organs, entering with errors 
bounded by 11, what is the probability of 
error at the final output?" I hope this an­
swers this question. 

Ralph B. Conn (California Technical Jet 
Propulsion Laboratory) : I would like to 
make a comment concerning the availability 
of copies of notes from von Neumann's lec­
ture: There are none. There were about 200 
to 300 people that attended the lecture, and 
practically everyone who attended the lec­
ture got a copy of the notes. If you know 
anyone out there, I suggest you write them 
and try to borrow a copy. That is probably 
the best way to get a set. 
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The Advantages of Built-in Checking 

JOHN W. MAUCHLYt 

E LECTRONIC COMPUTERS save money. That 
is the basic economic fact behind all of the cur­
rent activity in the designing and building of in­

formation-processing systems. The job of the engineer­
ing designer is economic as well as technical. He must 
balance many factors as well as he knows how in order 
to achieve maximum utility at minimum cost. 

From this simplified point of view, it might seem that 
all the potential user needs to do is to state his problem 
and let the engineer design the appropriate equipment. 
This concept of engineering design leads us to the term 
"black box." Every engineer is familiar with the black 
box. It transforms any input into any output. Mr. X, 
the user, specifies his input information and the output 
which he desires. The job of the engineer is to produce 
the black box which will do this. Noone but the de­
signer need concern himself as to what is in the box. 

However, it turns out that Mr. X wants a black box 
which the engineer cannot make. Mr. X would like per­
fection. He wants a system which never breaks down, 
and never makes errors. Although progress is being 
made in the improvement of computer reliability, no 
one is yet ready to guarantee his computer perpetually 
perfect. 

For this dilemma, the engineer has a handy solution. 
I t sometimes goes under the name of cybernetics. The 
engineer calls it "feedback." The accountant calls it 
control. The idea is to approximate the desired perfec­
tion by measuring, so far as we can, the deviation~ from 
perfection and using such information to get a better 
approximation. Of course, it must be understood that 
we shall never attain the perfection which is our goal, 
but we may approximate it as closely as we please. It is 
again an economic problem as to how much error we 
are willing to tolerate, and how much it will cost to 
reduce the errors so that they are within this tolerance. 

For any feedback method to work, there must first 
be a method of detecting the errors which are made, and 
there must then be a method of correcting these errors. 
There are numerous schemes for doing these things. I 
shall pick a few representative methods for enumeration. 
(1) The computer checks each individual arithmetic 
operation or transfer in a way which is likely to catch 
almost all errors and, when an error is detected, the 
computer repairs itself and continues it work. (2) The 
computer automatically detects almost all errors and, 
when an error is detected, it tries the same computation 
again. If no error is made on the new trial, it continues 
its work. If the error persists, the computer continues 

t Remington Rand Inc., Eckert-Mauchly Div., Philadelphia, Pa. 

its attempts. (An automatic circuit might indicate that 
repair is needed.) (3) The computer has automatic 
error-detection circuits which cause the computer to 
stop, at which time an operator takes appropriate ac­
tion. (4) Every problem is run at least twice, and diag­
nostic tests are introduced at intervals. The diagnostic 
tests verify that the computer is operating correctly at 
the time the test is run. Results from two different runs 
of the same problem are compared, and agreement is 
taken to indicate no error. When, by diagnostic tests, 
or disagreement of problem runs, a malfunction is indi­
cated, appropriate maintenance action and problem­
result correction is taken. (5) The computer has no 
automatic checking, and complete reliance is placed 
upon programmed checking to insure correctness of 
problem. Diagnostic tests or other means are used to 
indicate correct operation of computer. 

I t should be noted that marginal checking is included 
in the term "dIagnostic tests." Marginal checking is a 
method for increasing the reliability of operation, not a 
method of verifying or checking problem results. 

There are numerous variations and combinations of 
checking techniques which might be enlarged upon, but 
the above list will suffice for this discussion. We will 
leave the discussion of self-repairing computers to the 
future and, particularly, to the meetings in New York 
this March. Equipment of this sort has been built, 
but it is not commercially available. The Remington 
Rand electronic card calculator operates according to 
the second scheme. The UN IVA C is more like the third, 
since it contains error-detecting circuits which stop the 
computer, and the operator must then take appropriate 
action. The fourth scheme, that of running the problem 
twice, has been a favorite method for use with all sorts 
of computing devices, including punched-card machines. 
I t is sometimes advocated as a reasonable procedure for 
large automatic electronic digital equipment, although 
it is clear that this scheme cuts machine efficiency in 
half, at the very least. In other words, the operating 
cost is more than doubled when every problem is run 
twice. The fifth method, that of using programmed 
checks, is a much more difficult one to evaluate. 

In a paper given last March entitled "Checking Cir­
cuits and Diagnostic Routines," ]. P. Eckert dis­
cussed the features of the ENIAC, the BINAC, and the 
UNIVAC with regard to checking methods and error­
detection facilities. He estimated that the error-detec­
tion circuits and the duplication necessary to provide 
an adequate check on UNIVAC operations amounted 
to less than 30 per cent of the cost of the central com­
puter and, therefore, an even smaller percentage of the 
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cost of the entire computing system. It should there­
fore be obvious that the duplicate-run procedure for 
screening out errors is certainly at an economic disad­
vantage. Such a procedure has the effect of doubling 
the cost of the computer, rather than adding only 25 
per cent or 30 per cent to its cost. 

What can be said about the effect of programmed 
checking on the cost of computer operation? Is pro­
grammed checking an economic substitute for built-in 
checking? It should be clear that there is no universal 
answer to these questions. The cost of programmed 
checking will vary with the application. The efficacy of 
such methods must also vary with the application. It 
may well be that when a computer is to be used day-in 
and day-out on problems which are, in the main, of a 
mathematical nature, the cost of programmed checking 
can be much lower than the 25 per cent or 30 per cent 
which we have charged to built-in checking. So much 
depends upon the field of application of the computer 
that no general statement regarding the cost of pro­
grammed checking can be made. 

Probably the most important aspect of programmed 
checking is that the feedback loop discussed above oc­
curs entirely outside of the black box which the engineer 
has designed. Hence, the engineer is tempted to disre­
gard this problem as one which is, by definition, outside 
of his province. The user has no interest in the cost of 
results which are of unknown accuracy, but is vitally 
interested in the cost of the final results after the feed­
back process has screened out the incorrect runs and re­
duced the chance of error to an acceptable minimum. 
The engineer would like, in all honesty, to design a com­
puting system which gives the user just what he wants 
at the lowest cost. The engineer has, however, no con­
trolover the external feedback loop which is dependent 
upon programmed checking. This also means that he 
usually has very little information about the properties 
of the over-all system which includes such a feedback 
loop. Without a great deal of information on this topic, 
it is obviously rather hopeless for the engineer to judge 
the merits of a programmed checking system versus 
an automatic built-in error-detection system. 

We see then that some part of the difficulty of evaluat­
ing the merits of built-in checking versus the merits of 
programmed checking lies in the very fact that the auto­
matic checking features of any computer can be well de­
fined and their costs estimated as closely as is needed for 
any comparison, while programmed checking is, by its 
nature, variable from problem to problem, and from ap­
plication to application, so that no simple statement 
can be made with regard to its cost. 

These different methods of con trolling errors not only 
affect the cost of the equipment and the running time 
during proper operation; they also interact with the 
maintenance and repair of the computing system. This 
makes the evaluation of their relative merit even more 
difficult. Built-in error-detection circuits prevent errors 

from propagating further by stopping the computer at 
once. They also help to locate the fault without resorting 
to a separate diagnostic test. The halting of computer 
operations at the exact instant that a fault occurs is 
often extremely helpful to maintenance personnel in 
quickly discovering the exact nature of the malfunction. 

A further difficulty in the evaluation of the cost of 
programmed checking is that there are a multitude of 
ways in which programmed checking may be employed 
on some problems, and almost no way by which others 
can be program checked. If the programmed checking 
is extremely detailed, and each arithmetic operation or 
transfer is separately checked, then programmed check­
ing doubles the problem running time and also increases 
the labor of programming. A programmed check of this 
nature is obviously not an economic competitor of built­
in checking. 

However, there are certain types of problems, particu­
larly those of a highly mathematical nature, in which a 
rather lengthy computation may be checked by a much 
smaller amount of calculation. When the running time 
added to the problem in this way is less than 30 per cent, 
and the programming effort required to incorporate the 
checks is trivial, then programmed checking may be the 
economic solution. It is necessary, however, for this 
criterion to be satisfied for almost every problem (or at 
least for a good majority of the problems) to be run on a 
given computer before one can feel free to omit built-in 
checking. 

The point just made leads directly to the justifica­
tion for including built-in checking as a part of the 
UNIVAC system. The UNIVAC system is intended to 
be a general-purpose computer and, in its design, no 
assumptions could be made regarding the type of prob­
lem which would be run on this equipment. There wa~ 
no way of knowing in advance what difficulties might 
arise in trying to work out programmed checks for a 
diversity of commercial and statistical problems. In 
this connection, it should be pointed out that almost 
every computer is ultimately called upon to handle 
problems which are far different from those which 
were originally considered at the time that the com­
puter was designed. 

In conclusion, I would like to point out that there 
may be sound reasons for adopting programmed check­
ing for some phases of computer operation and auto­
matic error detection for other phases of operation of 
the same computer. The inherent reliabilities of the 
various components and subassemblies of the computer 
are not necessarily all identical. 

It is worth noting that, in spite of the rather complete 
built-in automatic-checking features of the UNIVAC 
system, programmed checking is used to guard against 
human errors. One example will suffice. In problems 
which run for a considerable length of time and use 
many tapes in the course of the problem, much comput­
ing time might be lost through interchanging two tapes, 
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or placing an entirely wrong tape on a particular servo. 
I t is therefore good practice'to incorporate in the pro­
gramming a system of tape-labeling. The UNIVAC 
then checks, at every step of the problem where a new 
tape is used, whether the correct tape has been mounted. 
I t is difficult to see how this problem could be met with 
sufficient flexibility by a built-in automatic checking 
device. 

Built-in checking represents a fixed additional cost 
which can be estimated rather closely. Programmed 
checking is not easy to define and, in some cases, is 
difficult to secure. For a general-purpose computer, the 
cost of programmed checking is almost an· unknown 
quantity. Reliance on programmed checking results in 
an unknown and variable operating cost rather than a 
fixed known initial cost. 

Discussion 
George J. Christy (State of California, 

Department of Education): Has there been 
any major problem in maintaining check 
circuits in operation? 

Dr. Mauchly: The answer is no. I think 
that is a fair answer even though it is brief. 

Dorothy T. Blum (Department of De­
fense): What provision, if any, is made in 
self-checking computers to distinguish be­
tween errors in the central computer and 
errors in the checking system? What is the 
experience on UNIVAC, for instance, on the 
proportion of error in the central computer 
to the errors in the checking circuits? 

Paul Ellinger (Department of Defense): 
What possibilities are there for checking the 
built-in checking circuits themselves? 

Dr. Mauchly: I thought these two ques­
tions could be handled together with a little 
further reference to the equipment which the 
UNIVAC has with regard to checking. You 
can find more information, of course, in the 
Eckert paper published last March, and 
still more by requesting such information 
from Remington Rand. The 30 per cent in­
crease in the cost of the computer attributed 
to built-in checking should not be taken to 
imply that you can segregate 30 per cent of 
the computer from the rest of it and say 
that this 30 per cent consists of checking 
circuits. Different parts of the computer are 
checked in different ways and in particular, 
outside of the arithmetic operations, the 
watch dogs against error are almost all 
based upon what we call a parity check, that 
is, using a redundant code and checking that 
an odd number of pulses are always to be 
found in the binary digit code which repre­
sents each computer digit. Parity checks are 
used throughout the system, not just on the 
central computer. This includes all tapes and 
auxiliary apparatus. Also, in the central 

computer, the acoustic storage tanks carry 
computer digit information in this redun­
dant code. Hence, part of this 30 per cent 
we are talking about results from the fact 
that the memory tanks have to be slightly 
larger, because the redundant code takes up 
about 15 per cent more memory. 

The checking circuits in the arithmetic 
part, however, do depend on duplication. 
There are duplicate arithmetic units, dupli­
cate adders, duplicate registers for tem­
porarily holding the information used in the 
computation, and so forth. Even some of 
the checking circuits are duplicated. 

There is also some redundancy of check­
ing. There are cases where the results are 
checked in more than one way. Further­
more, if one parity check circuit fails to 
catch an error, some other parity check will 
catch this error an instant later. Then, in 
examining what went wrong, the finger 
would be put on the offending elements. 

Even back in 1945 and 46 when we were 
first talking about acoustic computers-Dr. 
von Neumann was with us in some of those 
discussions-we were entering into an ele­
mentary discussion of some of the problems 
that Dr. Goldstine just talked about. The 
question was, "What checks the checker?", 
just as was asked here, and, "Do you have 
to have an infinite number of checkers in 
order to check the checkers, or is this a 
finite series which you can terminate and 
still get something reasonably practical out 
of it? The answer is that you can, without 
going into an infinite sequence of checking 
operations, have your output as free from 
error as you choose, depending on the eco­
nomic considerations governing the design. 

Relative to the question, "What is the 
experience on the proportion of error in the 
central computer and in the check circuits?", 
we see that there is no simple way to allocate 

the errors to these two seemingly different 
parts of the computer because they aren't so 
easily divorced from each other in the actual 
apparatus. 

Joseph Weinstein (Signal Corps Labora­
tories): Would real-time data processing 
problems (for control of operations) fit into 
the category of problems for which program 
checking is desirable, or would you consider 
program checking incompatible with real­
time operations? 

Dr. Mauchly: Here again there isn't any 
one answer to this. I would hesitate to say 
dogmatically that it is incompatible. When 
you're faced with a real-time problem, it is 
sometimes not solely an economic problem. 
You may get problems in which human life, 
or some safety considerations, are involved. 
You can't measure these in dollars and cents, 
so you may have to multiplex exceedingly 
in order to prevent errors. 

Edward H. Friend (U. S. Navy): Can 
you indicate the degree of progress attained 
in automatic coding research for UNIVAC 
and other computers? 

Dr. Mauchly: There are various things 
called automatic coding, ranging from trans­
lations and pseudo-codes through compilers, 
generators, and very fancy kinds of automat­
ic coding. In our own work very good prog­
ress has been made on problems of a mathe­
matical nature, but we're not quite sO far 
along on problems of a commercial nature, 
but they're all receiving attention. If you 
want more information on this, there are 
UNIVAC-using agencies right here in the 
area where such methods are used, and some 
of these centers have been the scene of full­
day work-shops on automatic coding. There 
is quite a lot of information available, and 
I am sure that Dr. Grace Hopper will be 
glad to discuss her work in this field with 
anyone who is interested. 
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Recent Progress in the Production of Error-Free 
Magnetic Computer Tape 

J. C. CHAPMANt AND W. W. WETZELt 

INTRODUCTION 

SIGNAL DROPOUTS arising from magnetic tape 
are one cause of error in modern digital computers 
designed to use such tape as a long period storage 

medium. Noise pulses, which are of sufficient amplitude 
to act as spurious signals, form a second error source. 
Both dropouts and noise pulses are traceable to discon­
tinuities in the magnetic coating. 

During the past year extensive studies have been 
made of coating defects with the intention of minimizing 
their occurrence. We initially believed that if the dis­
continuities could be examined and classified there was 
hope for improving tapes by eliminating the defects at 
their source. This has been done and the practical re­
suI ts are gratifying. 

This paper will explain briefly: (a) our findings con­
cerning the physical causes of errors; (b) the reasons 
why errors arise from such physical defects; (c) steps 
taken to eliminate errors; and (d) a summary of our 
progress during 1953. 

DETECTION OF ERRORS 

The equipment used for dropout detection records 
square-wave pulses at a rate of 100 to the inch on seven 
tracks of a half-inch wide tape. The recorded tape is 
read back and if the signal for any pulse falls below 55 
per cent of the normal maximum value, an error is re­
corded. At each error the tape is stopped automatically 
so its physical cause can be examined under a micro­
scope. 

Noise pulses which $ire counted as errors are located 
by saturating the tape continuously in one direction 
and stopping the tape during read-back when a noise 
peak exceeds 8 per cent of the normal maximum signal. 
Again, microscopic examination is used to find the 
physical cause of the noise pulse. Generally speaking, 
dropouts and noise pulses arise from the same physical 
causes and they have been grouped together under the 
general name of errors. 

We have further classified errors as removable and 
nonremovable. Removable errors arise from loose par­
ticle contamination of the coated surface and may mm­
ally be cleaned off the tape with a soft brush. Non­
removable errors may be caused by oxide clumps or 
foreign particles which are embedded in the coating. 
Since removable errors may be eliminated through in­
spection they are at present considered to be unim­
portant. The data which follow will be confined to non­
removable errors. 

t Minnesota Mining and Manufacturing Co., St. Paul, Minn. 

CAUSES OF ERRORS 

Nonremovable signal dropouts may be caused by a 
lack of magnetic coating at the point where a pulse is 
supposed to be recorded, but the early experience of 
observers led to an explanation based on the more fre­
quent occurrence of small inclusions (called "nodules") 
in the coating. Upon close inspection, these nodules 
could be classified as oxide clumps, acetate particles, 
embedded filter fibers, etc. Initially oxide clumps were 
the most frequent offenders. 

Oxide clumps which protrude from the otherwise flat 
surface of the tape force the main body of the tape away 
from the recording and playback head gaps. During 
recording the effect of the presence of a nodule is to 
reduce the sharpness and the intensity of the recording 
field at the tape surface. On playback, where the rate 
of change of recorded flux is observed, the already re­
duced steepness of the flux front is observed from a dis­
tance which further reduces the rate of change of flux in 
the reproducing head. This combination results in a de­
crease in output which is called a dropout. If the drop­
out is sufficiently large it constitutes an error. 

Noise errors similarly arise from discontinuities in the 
magnetic coating. The tape is magnetized to saturation 
longitudinally prior to read out in the noise test. The 
flux seen by the playback head under this condition of 
magnetization would be essentially zero for a perfect 
tape except for small variations in leakage flux from" 
particle to particle of the oxide which causes the normal 
noise background. However, if a discontinuity in the 
coating occurs, which might result from a pin hole or 
the inclusion of a particle of nonmagnetic contaminate, 
magnetic poles will form on either edge of the gross dis­
continuity and the leakage flux will increase well above 
that due to the normal physical separation between 
oxide particles. A noise pulse also arises from nodules of 
oxide where excess magnetic material is present. 

ELIMINATION OF ERRORS 

As a preliminary step to elimination of errors from 
computing tapes, a study was made of the error types 
and their frequency of occurrence. It seemed obvious 
that if the causes of errors were known we would have a 
clue to the step in the tape-making process where they 
were in trod u ced. 

One typical example of oxide clumps is shown in 
Fig. 1. When such clumps are encountered during play­
back, they give rise to both dropouts and noise errors 
providing the clumps are of sufficient size. Fig. 2 
shows a coating streak where absence of oxide caused 
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Fig. 1-Showing oxide flake embedded in coating and cross 
section of same (magnified 50 times). 

both dropout and noise errors. Fig. 3 illustrates our find­
ings in March, April, and May on the frequency and 
cause of nonremovable errors. Each sample represents 
24 rolls of t inch X2,400 foot tape. 

It will be seen that oxide flakes, tape distortion, and 
acetate particles w~re the predominate sources of error 
in March. A test run in April, 1953, was designed to 
eliminate oxide flakes, filter fibers, and tape distortion. 
Tape distortion arises primarily from creases in the 
tape due to faulty handling during the manufacturing 
process. The results of the initial experiments are shown 
in Fig. 3. We were successful in reducing to zero the 
number of errors from the three sources being studied. 

Two runs were made in May in which special precau­
tions were taken to eliminate acetate particles. We were 
apparently on the right track since both acetate and 
miscellaneous embedded particles were reduced in fre­
quency of occurrence. The increase in oxide flakes to 
1.5 errors on an average pointed out that our April ob­
servation was possibly based on too small a sample. 

Since better than 50 per cent of the rolls during the 
last two trial runs were error-free, we decided to turn 
the process over to production. Fig. 4 shows the error 
count on production runs of relatively large samples. In 
order to compare the results with previous test runs, the 
bar graphs have been reduced to 24-roll equivalents. 
The runs illustrated total 664 rolls, t inch X2,400 feet. 

In changing to production, our classification of errors 
was refined. Certain defects previously entered under 
miscellaneous particles were found to be attributable to 
imperfect backing. The acetate film used as tape back-

Fig. 2-Showing a streak in the magnetic coating which results in a 
deficiency of magnetic oxide along the streak (magnified 50 times). 

CAUSES OF 
ERRORS 

OXIDE FLAKES 

ACETATE PART. 

FILTER FIBERS 

STREAKS 

MISC. PARTICLES 

DISTORTION 

MARCH 

••• 200 

15 

••• 190 

__ NUMBER OF ERRORS 

APRIL MAY MAY 

2 

o o 

o o 

4 4 

o o 

Fig. 3-Chart shows number and causes of errors found in four 
experimental lots of 24 rolls, each of j-inch X2,400-foot computer 
tape. (In May experiments much improvement has been shown 
over March.) 

CAUSES OF JULY AUG AUG AUG AUG 
ERRORS 36 ROLLS 252 ROLLS 76 ROLLS 78 ROLLS 222 ROLLS 

BACKING 

DISTORTION 2.5 

PINHOLES 

FILTER FIBER 0 0 0 0 0.1 

STREAKS 0 0 0 0 0.1 

.. NUMBER OF ERRORS FOUND IN A 24 ROLL SAMPLE 

Fig. 4-Chart shows number of errors and rolls in certain production 
runs of computer tape. For comparison with Fig. 3 number of 
errors has been reduced to equivalent found in a 24-roll sample. 
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ing is cast on large diameter wheels having a polished 
surface. The film began to show tiny defects which 
were determined to be repetitive and which could there­
fore be attributed to a small dent in the surface of the 
wheel. The errors due to this source are listed as backing 

defects. Fig. 5 shows one such defect which occurred 
repeatedly in the acetate film. 

Tape distortion which arises from the permanent 
creases in tape backing occurs most frequently on the 
edge of the tape. The errors which arise from pin holes, 
from filter fibers, and from streaks, now appear to be 
purely random. 

The bar graphs show that, through studies of errors 
and through efforts made to eliminate them, we have 
managed to reduce errors from 3.25 per roll in March, 
to 0.18 per roll in August. 

CONCLUSION 

To a tape manufacturer our studies show that if 
special precautions and techniques are used, production 
waste figures can be held within reasonable limits during 
runs of computing tape. 

Fig. 5-This photomicrograph (magnified 25 times) illustrates ap­
pearance of a defect in acetate backing of magnetic tape. This 
irregularity is reflected in magnetic coating and gives rise to an 
error. 

To the consumer of tapes it means that error-free 
tapes are available, providing each tape is individually 
checked by the manufacturer. Alternatively, if the con­
sumer prefers to check each roll of untested computing 
tape, he may expect better than 75 per cent of the rolls 
to be error-free. 

Discussion 
F. Hawkins (David Taylor Model 

Basin): Is there any deterioration of the 
magnetic tape record with time? If so, 
what are the causes? 

Mr. Wetzel: As far as we are able to 
determine the only deterioration of magnetic 
tape records comes from mechanical failure. 
Nicks in the edge of an acetate tape will 
cause tears. If the tape is run too of ten-I 
don't know how much that would be, 
25,000 times or something like that-then the 
oxide will tend to abrade off. It is my opin­
ion that the ultimate failure will be me­
chanical brought about through nicking of 
tape edges. 

Mr. Hawkins: What is the frequency of 
errors to be expected on the best magnetic 
tape presently marketed by your company? 

Mr. Wetzel: We are marketing No. 109, 
a so-called instrumentation tape. The data 
which I presented today gives the most 
recent figures we have on the frequency of 
errors in this tape. The figure which I gave 
in the summary is 0.18 errors per t inch 
tape, 2,400 feet long. 

David Rutman (Rand Corporation): 
What width of recording track do you use in 
the tests? 

Mr. Wetzel: The track width as I re­
member is 3S-thousandths of an inch, give 
or take five mils for a poor memory. 

Mr. Rutman: What is the size of the 
imperfections? 

Mr. Wetzel: The size of the most fre­
quent imperfections is of the order of 10-
thousandths of an inch in diameter. The 
long streak I showed you on the board is 
something in the order of 1/10 of an inch 
long and five or ten mils wide. 

Mr. Rutman: When will Mylar backing 
be available? 

Mr. Wetzel: A member of the Dupont 
Corporation would have to answer that, 
really. Our best crystal ball, which is some­
what clouded in this prediction, says that 
Mylar backing for computer tape should be 
available some time in 1956. The Dupont 
people are quite certain that their plant will 
be in operation the latter part of next year, 
but I am afraid the perfection of film re­
quired for computer applications will not be 
attained for some additional time. If you 
recall, one of the most frequent imperfec­
tions in acetate backed tape which we ob­
served in the last test runs are caused by 
dents in the casting wheel. These tiny de­
fects will show up as errors. I think Mylar 
which now contains many inclusions is quite 

a way from the degree of perfection which 
acetate film has achieved after 25 to 30 
years. 

C. P. Bastuschek (Haller Raymond and 
Brown, Inc.): Has any check been made on 
the number of errors per reel of the alum­
inized tape? 

Mr. Wetzel: Aluminized tape as it is 
generally delivered is used for static elim­
ination. The aluminized tape is not the No. 
109 computer tape quality, and I would 
guess-it would have to be a sheer guess­
tha t something in the order of 10 errors per 
reel could be expected. I t is not the com­
puter quality material. 

J. A. O'Brien (M.LT.): Can you give 
information on Mylar tapes? 

Mr. Wetzel: Mylar is a very intriguing 
material since it has relatively high tensile 
strength and very excellent tear resistance. 
I t stands both higher and lower tempera­
tures than acetate. The one reason that we 
do not recommend its use in computers is 
that the film at present has a good many 
defects in it. The tensile strength of acetate 
compared with Mylar is not too terrifically 
different. One-and-a-half mil acetate has the 
same strength as one mil Mylar. The supe­
rior tear resistance of Mylar is the outstand­
ing quality you may expect under normal 
operating temperatures and humidities. 
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Reliability of Electrolytic Capacitors In Computers 

MARK VANBUSKIRKt 

I F ANY PERSON would ask ten different electronic 
manufacturers whose equipments cover a wide 
variety of electronic circuits for their opinions of 

electrolytic capacitors, it is possible there would be ten 
different answers. These answers might range from: 
"We use them all the time, and never have any trouble," 
to the extreme: "We wouldn't use them under any cir­
cumstance. They are not reliable." 

Obviously, the first manufacturer has capacitor ap­
plications in which electrolytic capacitors operate satis­
factorily. Also, the other manufacturer has no ca­
pacitor application in which electrolytic capacitors will 
operate satisfactorily and probably he has tried to use 
electrolytics with completely unsatisfactory results. 

Which of these attitudes applies to electrolytic ca­
pacitors in computers? 

You want to know whether electrolytic capacitors 
will operate reliably in computers or not. If they will, 
you want to know what procedure must be followed to 
insure reliable operation. Rather than to list specific 
applications in which electrolytic capacitors will operate 
reliably, it will be best to present the information by 
which a designer may determine in what applications 
and under what conditions electrolytic capacitors will 
give reliable operation. 

Speaking of the reliability of components, there is no 
question that any component can be damaged by at­
tempting to operate it under too severe conditions. 
Thus the point of deliberate misapplication need not be 
considered. 

The first point to consider about the reliability of 
electrolytic capacitors is their theoretical reliability. If 
this is not good, there is no need to consider the prob­
lem beyond this point. Fortunately for the electrolytic 
capacitor industry, this theoretical reliability is excel­
lent. The necessary elements of any capacitor, two 
conductors separated by a dielectric, are, in the electro­
lytic capacitor, materials with no inherent weaknesses. 
Also, the materials are such that if a flaw develops in 
the dielectric, the voltage applied to the capacitor will 
cause the flaw in the dielectric to be eliminated auto­
matically. Another factor which indicates good theo­
retical reliability is that there are no moving parts in 
electrolytic capacitors. 

Having determined that the theoretical reliability of 
electrolytic capacitors is excellent, the next step is to 
look at the practical side of the picture. Laboratory 
and field experience verify the conclusion of theo­
retically good reliability. Fig. 1 shows the electrical 
characteristics of an electrolytic capacitor after more 

t P. R. Mallory & Co., Inc., Indianapolis, Ind. 

than four and one-half years of accelerated laboratory 
life test operating at 65 degrees C. and rated voltage. 
All electrical characteristics are desirable. Capacity is 
greater than nominal, equivalent series resistance is less 
than nominal, and leakage is extremely.low. These indi­
cate excellent performance and reliability. As an ex-
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Fig. 1-Characteristics of electrolytic capacitors during 
accelerated laboratory life test. 
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ample of exceptional reliability in the field, Fig. 2 shows 
an electrolytic capacitor which was manufactured in 
August, 1937. It is rated 12 mfd, 450 v dc. It was put 
in service in a new radio in September, 1937. It was the 
first filter capacitor in a capacitor input-filter circuit. 

Fig. 2-Electrolytic capacitor after 16 years in 
service now tests as good as new. 

Applied dc voltage was slightly less than rated. It was 
removed just a month ago even though it still was 
operating satisf~ctorily. The radio with this capacitor 
received a great deal of use for four and one-half years, 
then was put in storage for four years. When it was re­
moved from storage, it was plugged into an electrical 
outlet, turned on, and it started to play within 30 
seconds. Since then the radio, and the capacitor, have 
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received approximately the same amount of use per 
month as before the storage period. This is 12 years of 
service from this capacitor in addition to four years of 
idle shelf life for a total of 16 years life. The idle 
period during storage represents a particularly adverse 
operating condition. 

After all this time, the capacitor meets all the test 
requirements of a new capacitor. Now the capacity is 
more than nominal, being 12.7 mfd, the leakage is very 
low, 0.3 ma at 450 v dc, and the equivalent series re­
sistance is very low, 5.7 ohms. Its power factor is 5.4 
per cent, which is low even for a new aluminum electro­
lytic capacitor. There are many other known cases of 
reliable service obtained from electrolytic capacitors; 
however, this one is of particular interest because all 
the details of its life are known. It is of interest to 
know that this capacitor was picked at random from 
production, so it received no special care in manufacture 
other than all capacitors received which were made at 
that time 16 years ago. One important fact is worth 
,noting here. This capacitor would not have lasted five 
years if impurities had been present which cause internal 
corrosion. The reliable capacitor manufacturer keeps 
these impurities out of his capacitors, so that this long 
reliable life may be attained. 

Once it is known that electrolytic capacitors can give 
reliable operation, the problem is not necessarily solved. 
No doubt all of you have a great deal of knowledge of 
the steps necessary to assemble many components into 
a completed device so that both components and com­
pleted device operate with maximum reliability. Many 
articles have been published along these lines, so it is 
not necessary to repeat basic knowledge. As you would 
expect, reliable operation of electrolytic capacitors is 
the result of careful and correct engineering, design, 
and manufacture of the component, followed by careful 
and correct engineering, design, and manufacture of the 
complete equipment in which the capacitor is used. It 
then is necessary to handle, transport, store, operate, 
and maintain the complete equipment (with its com­
ponents) correctly and carefully. 

Aluminum electrolytic capacitors will be reliable in 
applications falling within their, limitations. The fact 
that electrolytic capacitors basically are large capacity, 
small volume devices, at times may lead to the choice of 
an electrolytic capacitor for an application in which it 
may not function reliably. The usual minimum ca­
pacity is 5 mfd, though a few are manufactured with 
less capacity. The economical and size advantages of 
electrolytic capacitors diminish as capacities become 
less than 5 mfd. The maximum capacity is almost 
limitless as capacitors may be paralleled to obtain any 
desired value. Capacitors of 10,000 mfd in a single 
section at low voltage have been made. 

Large capacity in small volume is accompanied by 
considerable variation in capacity among capacitors 
made in production quantities. To have reliable opera­
tion of a completed equipment in which aluminum elec-

trolytic capacitors are used, the applicable circuits, if 
low-voltage capacitors are used, must operate reliably 
with any capacitance within the range of nominal 
rating minus 10 per cent plus 100 per cent. For high­
voltage capacitors this range is minus 10 per cent plus 
50 per cent. Also, as electrolytic capacitors may have 
power factors from 2 per cent to 50 per cent, depending 
upon the capacitor rating, the circuit must operate reli­
ably with capacitors of this power factor or the over-all 
operation of the device might be affected. Similarly, the 
circuit must operate reliably with electrolytic capacitor 
dc leakage currents from a negligible value to 10 ma, 
again depending upon capacitor rating. 

Just as the circuit must operate reliably when the 
characteristics of the capacitor are considered, so must 
the capacitor operate reliably when the characteristics 
of the circuit are considered. In this respect, the elec­
trolytic capacitor is included in the circuit to perform a 
certain function. As it performs its function, direct cur­
rent voltage may be applied to it, an alternating ripple 
potential may be superimposed on the direct current 
potential, or it may be charged and discharged peri­
odically. The capacitor must operate reliably with one 
or all of the above conditions present. There is a limit to 
the various voltages and currents which can be applied 
to a given capacitor. Most electrolytic capacitors used 
in electronic circuits are of the polarized type for ap­
plication of direct-current voltage in one direction only. 
For this type of capacitor there is a maximum surge 
voltage rating and a maximum continuous voltage rat­
ing. The voltage ratings for an electrolytic capacitor 
used in a computer where peak reliability is desired 
should be less than for the same capacitor used in a tele­
vision set in a private home. Table I shows a comparison 
of the standard surge and operating voltages of typical 
aluminum electrolytic capacitors with the recommended 
"computer" surge and operating voltages for the same 
capacitors. Note that the operating voltages in the 
computer rating are 80 per cent of the standard with a 
maximum of 360 volts, and the surge voltages in the 
computer 'ratings are the standard operating voltages 
with a maximum of 400 volts. 

Capacitor 

A 
B 
C 
D 

TABLE I 
SURGE AND OPERATING VOLTAGES OF 

ELECTROLYTIC CAPACITORS 

Standard Rating Computer Rating 

Operating Surge Operating Surge 
Voltage Voltage Voltage Voltage 

450 525 360 400 
300 375 240 300 
150 200 120 150 
25 40 20 25 

Not only must the voltage applied to an aluminum­
electrolytic capacitor be limited, but the maximum in­
ternal temperature must not exceed a safe value. On the 
low side, the temperature should be at least 15 degrees C 
(59 degrees F). On the high side, the temperature of 
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any part of the electrolytic capacitor never should ex­
ceed 60 degrees C (140 degrees F). Ordinarily, the 
factors which cause a capacitor to heat up are: ambient 
temperature, dc leakage current, ac ripple current, 
charging current, and discharge current. 

These limiting characteristics are chosen with the 
thought that the computer manufacturer wishes to 
build a device which can be used for many years with­
out electrolytic capacitor failures. Take a group of one 
hundred electrolytic capacitors which pass all standard 
production tests and are reasonably uniform. Record 
all data and put the capacitors in one hundred finished 
devices which are operated under identical conditions 
until all electrolytic capacitors fail. They will not all 
fail at once, but in some particular order. Looking at 
the data at this point seldom will show any correlation 
between initial characteristics of the capacitors and the 
order of failure. If we could apply any satisfactory test 
to those electrolytic capacitors now accepted as good 
units on final test and be sure to pick out the one ca­
pacitor per hundred which would be the first to fail in 
actual service, the limiting voltages and temperatures 
listed above could be increased. Until such a test is de­
vised, the operating conditions must be such that the 
weakest capacitor of an accepted group gives the de­
sired length of reliable service. 

The computer manufacturer who has determined that 
electrolytic capacitors will give reliable service in cer­
tain parts of his device must transmit appropriate in­
formation to a reliable electrolytic capacitor manu­
facturer in order to get the capacitors he desires. In addi­
tion to the information as to capacity rating and volt­
age rating, the capacitor manufacturer must know how 
those ratings were chosen and what degree of reliability 
is desired in the operation of the completed capacitors. 
While there is remarkably little difference between the 
standard electrolytic capacitor used in television sets 
and the special capacitor used where maximum reliabil­
ity is desired, the capacitor manufacturer wants to take 
every step possible to insure that the computer manu­
facturer receives the most reliable electrolytic capacitor 
it is possible to manufacture. The design of the ca­
pacitor follows the best known method at the time, 
including metal outer case. The manufacture of. the 
capacitor requires careful attention to correct procedure. 
As the electrolytic capacitor industry still is on the rise, 
design and manufacturing are improving constantly. A 
year from now the designs should be better and the 
manufactured product should be better too. 

The problem of transporting completed electrolytic 
capacitors to the equipment manufacturer never has 
been serious. Capacitors are sealed in the process of 
manufacture, so that standard packing methods are 
used for domestic shipments. In the event electrolytic 
capacitors had to be protected against contaminating 
fumes, or something similar, it would be necessary to 
pack the capacitors in fume-tight, fume-resistant con­
tainers (or water-proof, if desirable). 

The assembly of electrolytic capacitors in computers 
should be similar to the same operation in other equip­
ment. The position for the capacitors should be away 
from large heat producing sources. The position should 
be ventilated so that the capacitor heat is taken away. 
Electrolytic capacitors which have not been on voltage 
for a long period of time may require that a low volt­
age be applied and gradually increased until rated 
voltage is reached. Ordinarily, this problem is not en­
countered in new equipment production. The capacitors 
need to be mounted securely and insulated from the 
chassis, if necessary. Lead connections should be ar­
ranged for easy assembly. It is important that polar­
ized electrolytic capacitors be connected into the cir­
cuit with the voltage in the correct direction. Follow­
ing assembly in a computer, the electrolytic capacitor 
should not be exposed to possible damage from subse­
quent assembly operations. This includes mechanical, 
electrical, and heat damage. A capacitor with a damaged 
seal will not give reliable operation. 

If everything has been done correctly to this point, the 
computer should operate satisfactorily and be ready 
for use. There should be no problem concerning the 
electrolytic eapacitors. Many of you are more familiar 
with what happens to components in a computer as it is 
used than we are, so we shall leave that up to you. 

After talking about how reliable electrolytic ca­
pacitors can be in computers, there should be no need 
to talk about maintenance. However, anything made by 
man requires maintenance, so it must not be overlooked. 
The same care of a capacitor installed in a computer dur­
ing assembly must be followed during any maintenance 
procedure, in the event something else is rece~ving the 
service. There is no regular service for the capacitor 
such as greasing an automobile at definite intervals. If 
any electrolytic capacitor is not operating satisfactorily, 
it probably will have to be replaced. If lead connections 
were not good, these might be corrected. If a capacitor 
has to be replaced, it probably is quite old. This means 
that if spare parts are on hand for the computer, the 
electrolytic capacitors probably need to have low volt­
age applied and gradually increased until rated voltage 
is reached. This should be done without heating up the 
capacitor appreciably. The used capacitor may be re­
moved and the unused one mounted and connected in 
its place. This operation must be done with care so that 
the connections are made to the proper polarity and the 
capacitor is not damaged in the process. 

It is possible to have spare electrolytic capacitors 
stored with a computer, but to be unable to use them 
when needed because of improper storage conditions. 
Capacitors should be stored in a clean, cool, dry loca­
tion. Voltage should be applied to each capacitor once 
each year as described above, starting with a low volt­
age. Under these conditions, spare electrolytic capacitors 
should be ready for use at any time. 

Although there are several limitations to the applica­
tion of electrolytic capacitors to electronic circuits, 
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there are definite applications in which this capacitor 
is the correct choice. In those cases, the electrolytic 
capacitor is superior to any other type known. For any 
application requiring performance beyond the limita­
tions of electrolytic capacitors, the attempt to use elec­
trolytic capacitors may bring grief. Certain knowledge 
of electrolytic capacitor characteristics is necessary in 
applying them to electronic circuits in order to get 
maximum reliability. Proper knowledge of electrolytic 
capacitors is necessary to take care of them properly. 
To obtain maximum reliability from electrolytic capaci­
tors, much more conservative ratings should be em­
ployed than is standard in the television field. 

type of capacitor or a difference in circuit would give 
better total machine reliability. Electrolytic capacitors 
can be manufactured with the minimum human error. 
They can be applied to electronic circuits to' give maxi­
mum life and reliability. Electrolytic capacitors will 
give longer reliable life in computers than some of the 
other components. In the proper application, electro­
lytic capacitors should last at least ten years. Your tele­
phone probably is the best general example of the prac­
tical goal of reliability. How often have you picked up 
your telephone and found it out of order? You have 
done this seldom, if ever. Electrolytic capacitors can be 
used in computers and this same high degree of reli­
ability attained. This is a joint problem between com­
puter manufacturer and electrolytic capacitor manufac­
turer. With a co-operative spirit and effort, this prob­
lem can be solved to the mutual satisfaction of all. 

There is a practical goal of reliability which human 
beings can reach, but not pass. This group is vitally 
interested in reaching that goal. Therefore, none of you 
would want to use electrolytic capacitors where another 

Discussion 
D. J. Crawford (International Business 

Machines Corp.): When large total filter 
capacitance is needed what is the optimum 
size of capacitors that should be used for 
maximum long term reliability? For exam­
pie,S farads total at lS0v working voltage, 
negligible ripple current? 

Mr. VanBuskirk: This negligible ripple 
current is the key on this particular ques­
tion. You can go as high as a 2 inch diameter 
container and a maximum length about 4 
to H inches long. We do make 3-inch diame­
ter capacitors but I don't like to recommend 
them because they get tight on winding. 
They're used on applications where they're 
doing a good job, but for computer reliabil­
ity I like to say 2-inch maximum. If there is 
anything that will produce heat such as high 
ripple current then the diameter goes down 
to 1 i inches. 

Mr. Crawford: How much should tele­
phone quality and telephone spec. type of 
capacitors be voltage derated for maximum 
long-term life and reliability? 

Mr. VanBuskirk: That depends upon 
whether the design of this particular ca­
pacitor is derated from the standard. If it is, 
then you should go back to the radio and 
TV standard and dera te as we showed you 
on the chart. That will do the job. 

C. T. Schaedel, Jr. (Consolidated Vultee 
Aircraft Corp., Ft. Worth Div.): Please 
comment on amount of inverse current per 
microfarad which will not destroy an elec­
trolytic capacitor. 

Mr. VanBuskirk: This is basically rip­
ple current, I believe. If not, I'd like to see 
you later. If it is ripple current, we go by 
charts and I have some of those with me. 

Mr. Schaedel: How about inverse vol­
tage; that is, positive volts applied to nega­
tive terminal? 

Mr. VanBuskirk: On a polarized ca­
pacitor that will destroy it. I t will reduce the 
capacity, probably over-heat it and drive 
out all the electrolyte. 

J. C. La Pointe (Department of De­
fense): Is the capacity of an electrolytic ca­
pacitor a function of the applied voltage? If 
so, how much? 

Mr. VanBuskirk: Yes, it is. You're 
getting into design here. If you're interested 
in knowing about it, I'll talk to you after 
this session. It is something which I don't 
believe we should take up with the whole 
group. 

A. R. Garfinkel (Franklin Institute): It 
is my impression that electrolytic insu­
lators tend to deform as the applied voltage 
is reduced. If this is true, what is the advan­
tage of derating for computer application? 

Mr. VanBuskirk: The answer here is the 
deforming that occurs due to the reduction 
of voltage is not 100 per cent. The worst 
condition of reduced voltage and deforming 
is on shelf life, where no voltage is applied, 
and in those cases the film is still repairable 
to the original value, and therefore, the de­
rating that we show here does have a good 
effect. 

J. E. Palmer (RCA Victor): How does 
the ripple frequency of the applied voltage 
affect the reliability of electrolytic capaci­
tors? 

Mr. VanBuskirk: Here, we're getting 
down into personal opinion but I'm pretty 
sure it's right. The detrimental effect of 
ripple on electrolytic capacitors is a heating 
effect and if you have two ripple currents of 
different frequencies that give the same 
temperature rise within the capacitor I be­
lieve you'll find that there is no difference in 
the effect on the life of the capacitors. That 
is, regardless of ripple frequencies, the 
amount of heat you get is the factor you 
want to worry about, not what is the fre­
quency. 

B. B. Paine (Massachusetts Institute of 
Technology): Will periodic parameter meas­
urements on operating electrolytic capaci­
tors predict catastrophic failure? What 
schedule for the test would you recommend? 

Mr. VanBuskirk: On this, sometimes 
yes, and sometimes no. You can make 

parameter tests, and you noticed on the 
first chart that there were variations in all 
three characteristics shown-capacity, 
equivalent series resistance, and leakage cur­
rent. Now when the capacity gets too low, 
you can see the trend if you draw a curve 
and keep making these parameter tests, and 
tell when the capacity is going to go too 
low to do the job you want the capacitor to 
do. Likewise, you can see when the resist­
ance is traveling towards the point where 
it's too high to operate properly. On leakage 
current, when it turns around and starts to 
go up the condenser is gone So you can make 
parameter tests for certain things, but at the 
same time you may make these parameter 
tests and feel like you have thousands and 
thousands of hours of good life left in the 
capacitor and it will go in two hours be­
cause it shorts out. There's no parameter 
test we have been able to make to determine 
that one. Lots of people have tried. We've 
tried. Some people have thought they've had 
the answer, but to the best of my knowledge 
there is no one that has been proved out 
with sufficient field experience. 

H. Wright (National Broadcasting Sys­
tem): Is it correct to say that electrolytic 
capacitors in series can be double rated in 
voltage? 

Mr. VanBuskirk: Yes, we make ca­
pacitors that are two sections in a single con­
tainer with two leads coming out on which 
we do use exactly double rating. For com­
puter use even though there is a slight de­
rating there should be a little bit of allow­
ance made for the two capacitors in series. 
That is if you take two 300-volt capacitors 
in series, in computer rating they should be 
operated at a maximum say of 550 volts. 

Mr. Wright: Can it be said that in such 
operation there are compensating factors 
tending to greater reliability and protection 
against surges? 

Mr. VanBuskirk: Yes, you have to keep 
your maximum voltage on a capacitor below 
a certain level to be sure that you do not 
get a sparking or breakdown. By having two 
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capacitors in series you can get good reliable 
operation with a voltage that would break 
down any presently made single section ca­
pacitor. On the other hand, electrolytic ca­
pacitors tend to be self-balancing when put 
in series but there is a limitation to how far 
you can go. In other words you can't build 
them up for 1O,OOO-volt operation. 

Mr. Wright: Can the change in ca­
pacitance following protracted operation at 
subnormal voltage be predicted? Can you 
give a rule of thumb formula? 

Mr. VanBuskirk: It can't too well be 
predicted because from all the tests we've 
made it doesn't follow a set pattern. Again 
as stated on another question, the worst 
condition is no voltage. There, if you take a 
condenser on shelf life-we had one once 
that was nine years old-the capacity on 
that unit also was a very few per cent differ­
ent from the initial value after nine years 
with no voltage. The capacitance change 
with protracted operation at sub-normal 
voltage or with no voltage is not a high 
enough percentage that you would want to 
say it's eventually going to an infinite point. 
Fred Keller of the Aluminum Company of 
America says there is a definite increase of 
capacity with operation at sub-normal volt­
age. I'm giving my personal opinion in the 
matter. If the capacitor is truly operated; 
that is, if there is any voltage on it at all 
within reasonable limits you are not going 
to be able to detect too big a change in the 
capacity after this operation at subnormal 
voltage compared to what it would be op­
erated on full voltage. 

E. Seif (Burroughs Adding Machine 
Corp.): How do you define failure of an elec­
trolytic capacitor? 

Mr. VanBuskirk: That's when the ca­
pacitor fails to perform the function it was 
put into the circuit to perform. It can do 
this by various means, for example, it can 
short-circuit, it can become low capacity, 
high resistance, or high leakage. 

Mr. Seif: Do you consider as a failure the 
temporary damage to the electrolytic which 
is self-healed? 

Mr. VanBuskirk: At this point, he is 
referring to the sparking in the electrolyte. 
I t could raise a lot of trouble in computer op­
erations, but the voltages we tried to recom­
mend here will not give sparking in the elec­
trolyte unless there is some additional failure 
in the unit, that is, a hot spot developing 
that lowers the sparking potential of the 
electrolyte. Any temporary damage which 
is self-healed you want to eliminate because 
it does give a temporary surge current, and 
the type of failures that are self-healed of 
course are a sparking where the oxide film 
breaks down or deteriorates and then is re­
formed by the surge current. Then, of 
course, in low temperature operation elec­
trolytic capacitors may be cooled down to 
the point where there is no measurable ca­
pacity left. This is a temporary condition 
and the capacity is as good as new when it 
is brought back to normal temperature. 

c. W. Watt (Massachusetts Institute of 
Technology): Are MIL-specification electro­
lytic capacitors good enough for computers? 

Are non-MIL-specification tubular electro­
lytics good enough for computers? 

Mr. VanBuskirk: With the proper choice 
of the rating for a particular application it is 
possible to get excellent reliability from 
either of these types of capacitors in com­
puters. The same care in the choice of the 
rating must be made for these capacitors as 
for any other. Naturally, if the application 
should not be serviced by electrolytic ca­
pacitors, then neither of these types will 
operate satisfactorily. 

There is one drawback to the use of 
MIL-specification electrolytic capacitors in 
computers. These capacitors are made the 
same way that capacitors were made when 
qualification approval was obtained on the 
capacitors. There is a reluctance on the part 
of manufacturers to be changing any of the 
designs of MIL-specification electrolytic ca­
pacitors, as approval from the Armed Serv­
ices must be obtained prior to inclusion of a 
change in design. As a result, MIL-specifi­
cation electrolytics are frozen in design and 
improvements developed subsequent to such 
freezing are not included in the MIL-speci­
fication capacitors. For this reason a better 
capacitor usually can be made than the 
MIL-specification type, as the electrolytic 
capacitor industry continues to progress. 

Generally, MIL-specification electrolytic 
capacitors should be more reliable than the 
standard highly competitive designs. Then, 
in turn, up-to-the-minute designs for com­
puter use with maximum reliability will be 
somewhat better than the MIL-specification 
type. 

Resistor Reliability-Whose Responsibility? 
Some Case Histories 

JESSE MARSTENt 

INTRODUCTION 

COMPONENT RELIABILITY is a subject that 
has had the attention, in whole or in part, of 
almost every electronics symposium or confer­

ence the last few years. The failure rate of equipment, 
claimed to be caused by component failure, warranted 
this attention. As a result the cry has been for better 
and better components. This is good. Components 
should be and are being constantly improved, just as 
computers and other electronic gear should be con­
stantly improved. 

t International Resistance Co., Philadelphia, Pa. 

However, this cry for better and better components 
has been based on the assumption that the component 
is the villain of the piece. If the component fails or is 
unreliable, it is the fault of the component. In discus­
sions on this subject one hears that the component can­
not stand high temperature or low temperature, it 
cannot handle overloads, it is unstable, it changes too 
much for one reason or another, it opens circuits, it 
breaks down. And so on and on. And the usual cliches 
are trotted out, as typified by-"A chain is no stronger 
than its weakest link," and "The dependability of each 
component determines the utility of the assembly." In 
brief, the burden of reliability of electronic gear is 
thrown on the component. 



110 1953 EASTERN J.C.C. PROCEEDINGS 

Now, there is no denying that components, like hu­
man beings and even computers, are imperfect. They 
have their weaknesses and inadequacies. And let it be 
said at the outset that the component manufacturers 
recognize the need for improvement and are doing 
everything possible to eliminate these inadequacies. 
However, there is another side to this coin of component 
reliability, and it is the object of this discussion to 
show this other side. Real life, thumbnail sketches are 
cited, illustrating examples of component failure and 
unreliability which have nothing to do with the com­
ponent but everything to do with its abuse and misuse. 
The symptom of unreliability is in the component, but 
the real cause is elsewhere. From this analysis some 
suggestions follow, which it is hoped will prove con­
structive in obtaining more reliability from existing 
components. 

CASE 1 

A !-watt wire-wound resistor molded in bakelite, re­
sistance 120 ohms, used in a sound system circuit, 
failed occasionally by explosion, like a firecracker. 
Normal power dissipated in the resistor was appreci­
ably below the rating. The trouble was ascribed to de­
fective resistors. Careful investigation disclosed that 
momentary line faults resulted in line voltage of 110 
volts appearing across the resistor, producing 100 watts 
in the resistor, 200 times its rating. With the necessary 
protective measures, no failures have occurred. Now, it 
may be said that resistors should be capable of handling 
overloads. This is true, but hardly 200 times. This is a 
case where the designer should have anticipated possible 
faults which would affect reliability and guard against 
these faults in advance. 

CASE 2 

High-stability deposited carbon resistors were used 
in an amplifier. The prototype equipment produced by 
the development company was satisfactory. The ulti­
mate manufacturer found his amplifiers did not meet 
specifications and eventually traced the trouble to the 
deposited carbon resistors which were claimed to be 
unstable. They were considerably outside the original 
1 per cent tolerance. 

Investigation disclosed that the manufacturer sprayed 
the resistors with a fungicidal compound which at­
tacked the insulating coating of the resistor and even­
tually the resistance film, causing high resistance 
changes. The prototypes were not treated this way. 
Too often the user assumes the component should be 
capable of withstanding any treatment he applies to it. 
Not infrequently the user processes components with­
out consideration or knowledge of the effect of such 
processing on the component, and without consulting 
the component manufacturer. Many such failures can 
readily be prevented by prior consultation with the 
component manufacturer who can frequently guide the 
user ·to the correct materials to use, if necessary. 

CASE 3 

Miniature i-watt composition resistors with a very 
thin bakelite molding were found to be mechanically 
unreliable, which would eventually lead to electrical 
instability. These resistors, oddly enough, were assem­
bled in the equipment in such a manner that to solder 
dip the leads it was necessary to immerse the entire 
resistor, body and leads, in a molten solder bath at 
520 degrees F. Although the resistance value did not 
change too seriously (this change was not the main 
trouble) the bakelite body showed signs of cracking. 
Needless to say, resistors of this class are not designed 
or intended to meet this kind of service. 

Here again there seems to be an underlying assump­
tion that resistors or components in general should be 
able to withstand any kind of treatment to which the 
user wishes to subject them. 

CASE 4 

Deposited carbon resistors-150 of them-assembled 
in a computer were claimed to be unreliable in that 
about 70 per cent of them departed anywhere from 1 
per cent to 10 per cent from the original 1 per cent 
tolerance. The 150 resistors were to be removed and 
replaced by another make. Here was a situation in 
which the end equipment had not yet failed but failure 
was anticipated because of the above assigned reason. 
Twelve tagged resistors were produced showing devia­
tions of 1 per cent to 10 per cent. A check measurement 
on a Wheatstone Bridge showed all to be within 1 per 
cent. The 150 resistors in the computer were measured 
and only one was outside the 1 per cent tolerance­
and the deviation was nominal. Here is a case of guilt 
by assumption and assumed unreliability, not based on 
fact or actual performance, but based on inaccurate 
measurements. The reason for the inaccurate measure­
ment was never determined or revealed. 

CASE 5 

A 2-watt composition resistor, used far below its rat­
ing, was giving serious field trouble in that its value 
changed excessively and the bakelite insulation showed 
signs of discoloration, pointing to excessively high 
temperature. This resistor had proved satisfactory in 
engineering development models, and in the initial 
engineering prototype samples. Yet all production 
equipment showed this field trouble. After the usual 
trouble shooting, a comparison of prototype and pro­
duction models disclosed an apparently minor difference. 
In the prototype, the 2-watt resistor was assembled at 
some distance from a 10-watt wire-wound resistor 
operating at quite a high temperature. For reasons of 
of wiring simplification, the factory assembled the two 
resistors cheek to cheek in production. The result of 
the direct heat transfer from the power resistor to the 
composition resistor, the temperature rise in the com­
position resistor itself, and the ambient temperature. 
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was an operating temperature far in excess of that for 
which the composition resistor was designed. The cor­
rection was obvious. There was nothing wrong with the 
resistor, there was everything wrong with its mounting. 
No consideration was given by the manufacturer to the 
effect change in assembly might have on the resistor. 

CASE 6 

A 1-watt deposited carbon resistor specified at 1 per 
cent tolerance departed sufficiently from its tolerance 
limits in the circuit application to impair performance. 
In operation the resistor changed about 3 per cent to 
4 per cent which was claimed to be objectionable. Oper­
ating at full load this change is not bad for a deposited 
carbon resistor, regardless of its initial tolerance. This 
class of resistor has a relatively high temperature coeffi­
cient-about 200 to 600 parts per million depending on 
resistance value. At full load the temperature rise is 
about 80 degrees C. Depending upon resistance value 
this resistor could change as much as 4 per cent because 
of temperature rise alone. And if the ambient tempera­
ture were appreciably higher than 25 degrees C. the 
change would be greater. 

The difficulty here is that many engineers confuse or 
equate close tolerance with stability. One has nothing 
to do with the other. It is possible for a 20 per cent re­
sistor to be far more stable than a 1 per cent resistor. 
In this particular instance, if temperature stability was 
as important as claimed, a resistor of lower-temperature 
coefficient was clearly indicated, or a larger deposited 
carbon resistor of the same type used below its rating 
should have been used. Unfortunately, analysis of all 
factors involved in the use of components is frequently 
not made, and the path of least resistance is to blame 
the component for the failure of the user engineer. 

CASE 7 

Trouble was experienced with a special type of re­
sistor presumed to be a high-stability type. This time 
the trouble was real; there were wide deviations from 
the nominal tolerance, which were definitely traceable 
to the inadequacy of the resistor for the application. 
However, the resistor mounting was so tightly designed 
that it was almost impossible, without a major opera­
tion, to mount the desired replacement resistor, al­
though it was only 1/32 inch longer than the original. 

Innumerable other instances may be cited. A few odd 
cases of trouble may be mentioned in passing, such as 
the case of the laboratory which in the year A.D. 1952 
was still using composition resistors of 1937 vintage; 
and the case of the guided missile model, in which re­
sistors were used which had been soldered, in and out of 
breadboard models innumerable times; and the case of" 
chronic fires in projection rooms of motion/picture the~ 
aters traced to prettily cabled wiring with flammable 
insulation, carefully dressed and draped around power 
wire-wound resistors operating at nearly 250 degrees C. 

These, then, are just a few samples of what happens 
to resistors-and undoubtedly other components­
which cause equipment failure and unreliability. We 
mount and wire components in almost complete dis­
regard of the possible consequences; we process them 
in ways which, may be destructive, without inquiring 
as to the effect of such processing on the component; we 
use minimum space in designing resistor mounts thereby 
making it difficult, if not impossible, to substitute more 
reliable parts in the event of trouble; we ignore available 
technical data and use close tolerance resistors in the 
hope that they will solve our stability problems; we do 
not analyze circuitry to anticipate possible troubles and 
provide protective measures in advance. In brief, we 
assemble the resistor or component in the circuit and 
expect it to carry the reliability burden. 

These instances of abuse, misuse, and misapplication 
of components sometimes raise a certain skepticism as 
to whether reliability is as important as we are led to be-

" lieve, because the treatment to which these components 
are sometimes subjected is the direct opposite to that 
which reliability would dictate. They illustrate quite 
conclusively that component reliability is not the ex­
clusive responsibility of the component manufacturer, 
but is equally, if not more so, the responsibility of the 
component user. What he does to, and with, the com­
ponent is often the principal determinant of the reliabil­
ity of his equipment. If due regard were paid by the 
user to the properties and limitations of components, 
the incidence of failures would be substantially reduced. 

It is interesting to note that this factor has been 
largely ignored in most of the discussions of component 
reliability. The component has been considered a thing 
apart, unrelated to its environment. It is good or bad, 
depending upon what is in it. This is only part of the 
story. This attitude ignores a most important factor in 
the component environment, namely, the human ele­
ment around it-the research, development, design, and 
factory engineers. What they do can make a reliable 
component appear unreliable-witness the cases here 
cited. Or their actions can make an apparently less reli­
able component be very reliable by proper use of the 
component and proper original circuitry design. 

This latter is beautifully illustrated in a paper entitled 
"Rudiments of Good Circuit Design," by N. H. Taylor, 
of The Massachusetts Institute of Technology, given at 
the April 1953 Symposium on Com'ponent Reliability at 
Pasadena, Calif. Two designs of :flip-flop circuits are 
described. One, conventional, employing 1 per cent re­
sistors; the other, original, employing 5 per cent resistors 
and a few more components. The latter had a much 
greater reliability even though it utilized components 
which varied, over a wider range of values. The impor­
'tant point ,h~fe is that Mr. Taylor set out to design a 
more reliabi; system avoiding the use of close tolerance 
resistors and using more available and, perhaps, less 
stable components. All of which leads to the main point 
of this discussion, namely, objectives. 
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There are no perfect components, so we must learn to 
live with what we have. But the choice is great. Also, 
we have to know what we want when we make this 
choice. For example, there are at least five different 
types of !-watt resistors: composition, deposited car­
bon, boron carbon, metal film, molded wire, and preci­
sion wire. Everyone of these fills an important need and 
has its place in the electronic scheme of things. They 
vary widely in cost, size, range of values, and character­
istics. But none of these resistors has everything. The 
choice must therefore depend on the characteristics of 
maximum importance. The user-engineer must know his 
requirements. And this presupposes that he knows the 
operating conditions in his equipment (which unfortu­
nately is not always the case). With this in mind a choice 
is made. There is no point in asking for everything, 
smallest size, low cost, low-temperature coefficient, abil­
ity to withstand high temperature, minimum change 
with time and humidity, etc. There is no such thing. 
Somewhere a compromise must be made. If the choice is 
properly made with all the facts at hand, the results 
should be good. If the results are not good, the choice 
may not have been correct, or that is the best that can 
be done in the present state of the art, or the objective 
of reliability was not uppermost in the mind of the user. 

The case of the 1 per cent deposited carbon resistor 
(Case 2), which changed about 4 per cent under load, 
illustrates this point fully. If temperature stability were 
the prime requirement, and such a change were intoler­
able, the wrong resistor was chosen. This class of resistor 
is reliable and stable, but it cannot meet this particular 
requirement. There are resistors that can, but a price 
would have to be paid either in size or cost or both. If 
this requirement was paramount in influencing reliabil­
ity of the equipment, then the price should have been 
paid. If other factors were predominant, then the re­
sistor should not be condemned as being unreliable for 
it was doing the job it was designed to do. 

A new piece of equipment currently calls for resistors 

of the order of magnitude of 50,000 megohms. Apart 
from certain electrical requirements, there is a size limi­
tation. It must be preferably as small as a !-watt com­
position resistor, perhaps as large as a 1-watt composi­
tion resistor. The size and value practically dictate a 
composition-type resistor, either solid or film, with the 
reliability inherent in this class of resistor. If for any 
reason the equipment did not perform properly because 
of the expected changes in resistance, it would not be 
correct to say this resistor was unreliable. It is perfectly 
reliable within its limitations. Even though reliability 
was of paramount importance, there is no other choice. 
We must live with the best compromise available. 

A final point-objectives in equipment development 
and design. What are the objectives usually set forth in 
a new equipment project? Performance, always-equip­
ment must meet specified performance standards. Most 
often, space-miniaturization has almost become a fet­
ish. Cost, almost always. These are basic objectives and 
are always spelled out. No doubt there is some thought 
of reliability. But how often is reliability spelled out as a 
prime objective, if not the prime objective, in equipment 
development? How often is the specification established 
that above all else the equipment shall not fail, even if it 
means sacrificing some performance, space and cost? It 
is the belief of many of us in the component industry 
that if reliability were established as a basic require­
ment, equipment engineers would approach this prob­
lem differently. They would exercise more care in the 
assembly of components; they would study the limita­
tions of components more carefully and use them in 
ways which would not tax them unduly; they would de­
vis~ systems and circuits, perhaps unorthodox, which 
would permit use of components with wider tolerance 
and variations; they would use more and larger com­
ponents, if necessary, to insure reliability. The burden 
of responsibility for reliability would then be more equit­
ably divided, and the inddence of unreliability consider­
ably reduced. 

Mr. Marsten: Negative. Mr. Marsten: I presume reference is to 
composition resistors, and I also suppose this 
question refers to pulsing or perhaps surge. 
I can't answer the question. There is a big 
gap really in the information available on 
peak power dissipation and it is a gap w~ 
hope we're going to fill one of these days. 

Discussion 
C. T. Schaedel Jr. (Convair, Fort 

Worth): In reference to your figure of 200 
to 600 ppm, per degree C for deposited car­
bon resistance, is this positive or negative? 

H. Rosenberg (Burroughs Corp.): Ap­
plying a duty factor which causes an aver­
age dissipation within rating, what is the 
peak dissipation allowable with standard 
half-watt, one watt and two watts, 5 per cent 
and 10 per cent resistance? 
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Reliability and I ts Relation to Suitability 
and Predictability 

E. B. FERRELLt 

RELIABILITY, like a great many other words, 
mea?s different. things to d~ffere~ t people. Let 

- me Illustrate wIth a purely Imagmary example. 
Suppose we have a small vacuum tube with amplifica­
tion, mutual conductance, and plate impedance all of 
useful magnitudes. Tubes of this type have been made 
in large quantity. Their characteristics, when measured 
at the factory have very good uniformity-all are within 
± 1 per cent of their nominal value. Every tube that 
has been examined has kept its characteristics within 
these narrow limits throughout its entire life, and a large 
fraction of the tubes made have been thus examined. 
These characteristics are entirely independent of such 
things as ambient temperature and mechanical shock. 

Now we have, or did have, two potential customers 
for this tube. Both had specified the same mutual con­
ductance, the same plate impedance, and so on. After 
extensive trials one of the customers adopted our tube, 
uses it now and is quite happy with it. The other very 
quickly turned it down. 

Our satisfied customer is working on a classified 
project-a bomb fuze, I believe. The other builds home 
television sets. 

Oh, yes! I forgot to mention that this tube, every 
one we have tried, will operate for just 10 minutes, and 
then blows up-explodes-scatters little bits of glass 
among the equipment it's mounted with. 

Is this tube reliable? Well, you can certainly depend 
on it. It acts just the same way every time. ' 

I looked up the word reliable in the dictionary. "A 
thing is reliable when one can coun t on it not to fail in 
doing what it is expected to do." I don't like that defini­
tion. I don't think it obeys a fundamental engineering 
concept that the properties of a device must depend on 
the device and not on the person who is talking about it. 

But still, that is the way we use the word, or almost 
the way we use it. One customer says my tube is reliable 
the other says it is not. The television set man has come 
to expect the tube to blow up and it does. Therefore, by 
the dictionary it is reliable. But he had hoped the tube 
would last longer and it doesn't. Therefore, he calls it un­
reliable. Our definition should read: "Count on it to do 
what we hope it will." Even amended, I don't like the 
definition. Perhaps we should break this word reliable 
up into two parts: if a device is to be reliable it must be 
predictable and it must be suitable. 

The simple phrase "The tube is predictable." makes 
sense. True, to prove such a statement you must specify 
certain tests, I must describe the results of these tests 
in advance, the test must be performed, and the results 

t Bell Telephone Labs, Murray Hill, N. J. 

must agree with the "predictions." But to say the tube 
is predictable means that this statement and proof can 
be given, whatever the test conditions. 

The phrase "The tube is suitable." doesn't make sense 
until you complete the statement "suitable for what?" 

In order to be reliable, a device must be both suitable 
and predictable. Since suitability depends on the job, 
we should never say a device is reliable, and stop. We 
should say a device is reliable in a certain job. 

And since reliability depends on the job, we should 
not ask the producer to produce a reliable device. We 
should ask him to produce a predictable device, with 
certain characteristics. Reliability depends on needs. 

Now "suitability for a job" implies a certain per­
formance in the future. Therefore, if a device is to be 
suitable for a certain job it must be predictable with re­
spect to certain properties. If a device is suitable it 
must be predictable. But predictability does not guar­
antee suitability. 

I think that in the final analysis the crux of this re­
liability business is the predictability. I believe most of 
our discussions, in some cases arguments, about reli­
ability are really discussions of predictability. 

About prediction I would like to quote from Edwards 
Deming, recently retired after long service as statis­
tician in the Department of Agriculture, the Census 
Bureau, and the Bureau of the Budget:! 

"An inference, if it is to have scientific value, must 
constitute a prediction concerning future data. If the 
inference is to be made purely with the help of the dis­
tribution theories of statistics, the experiments that 
constitute the evidence for the inference must arise 
from a state of statistical control; until that state is 
reached, there is no universe, normal or otherwise, and 
the statistician's calculations by themselves are an il­
lusion if not a delusion. The fact is that when distribu­
tion theory is not applicable for lack of control, any in­
ference, statistical or otherwise, is little better than 
conjecture. The state of statistical control is, therefore, 
the goal of all experimentation." 

So let's talk about predictability. Here is another 
example-not fictitious and absurd, this time, but very 
real. At the beginning of 1942 we were working on a 
small relay. This relay appeared to have a number of 
desirable characteristics: speed, sensitivity, load ca­
pacity, and the Iike. 2 We were making these relays in 

1 From the editor's foreword to "Statistical Method from the 
Viewpoint of Quality Control," published by the Graduate School, 
U. S. Department of Agriculture. 

2 This example and its statistical aspects are discussed more fully 
in "Statistical methods in the development of apparatus life quality," 
Trans. AlEE, vol. 64; November 2,1945. The charts shown here are 
from that paper. 



114 1953 EASTERN J.C.C. PROCEEDINGS 

small batches-batches of 20, I believe. By studying 
the variations within' the batches, and by comparing 
differen t batches, we had established a set of standards 
for our process. These were not standards anybody had 
asked us to meet. They were what the process itself 
had told us it was capable of doing. 

Oh, we didn't always produce relays that met these 
standards! But we found that whenever we failed there 
was some simple reason for it. When some failure in the 
process made one switch in a batch bad, there were 
usually several bad ones in the batch. And when a 
whole batch, individually and collectively, came up to 
the standards that the process had set for itself, we had 
faith in those switches. We believed that they were 
predictable. 

Actually, this criterion for control, for statistical 
stability of the process, was the simple quality-control 
chart. This consists of taking the relays in small sub­
groups of 4 or 5, in the order they are made, measuring, 
say, their operating currents, plotting the difference be­
tween the largest and smallest currents in the group on 
one chart, and plotting the average of the largest and 
smallest on another chart. See Fig. 1. Simply-computed 
limi t lines are drawn on each chart. So long as the 
plotted points stay inside the limits we have faith in 
the consistency and predictability of our switches. 
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Fig. 1-A control chart. 

Whenever a point goes outside the limits, the whole 
ba tch is suspect. 

This, then, was a method of selecting relays that we 
thought were predictable. Having gotten to this stage, 
we made some life tests. And I don't mean death tests. 
I mean living, aging tests. 

We put a few of these relays on test under certain 
loads. They were operated 60 times per second. At cer­
tain intervals they were removed from the work circuit 
and measured. We measured them when we started the 
test. That is, we measured their operate, or pick-Up, 

current; and we measured their release, or drop-out, 
current. We measured these again 'after they had run 
an hour. Then after 3 more hours. Then we made meas­
urements twice in an 8-hour working day. Soon we let 
them run overnight-two measurements in 24 hours. 

TABLE I 

LIFE TEST INSPECTION SCHEDULE 

Number Age in Added of In-
spection Hours Age 

1* 0 
2t 0 0 
3 1 1 
4 2 1 
5 5 3 
6 8 3 
7 11 3 
8 14 3 

13 33 7 
14 40 7 
15 47 7 
16 54 7 

21 89 7 
22 103 14 
23 110 7 
24 124 14 

29 188 22 
30 210 22 
31 232 22 
32 254 22 

* At completion of manufacture. 
t At start of life test. 

Number 
of Days 

1 

2 

3 

6 

7 

10 

11 

14 
15 
16 
17 

Number of 
Groups (2) 

1 

2 

3 

4 

7 

8 

11 

12 

15 

16 

After this we measured them every time the age had 
increased by about 10 per cent. When they were 10 
months old we were measuring them only once a month. 
This schedule is shown in Table 1. 
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Fig. 2-0perate current-relay 740. 

Fig. 2 shows the results of the first 28 measurements 
of operate current during the life test of one of the re­
lays. Each point on the upper chart is the difference be­
tween two consecutive inspections. We call it a range 
of two, R 2• Each point on the lower chart is the average 
of two consecutive inspections, the mean of two, M 2• 
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The points are spaced uniformly along the abscissa. 
Except near the beginning this is roughly a logarithmic 
scale of time. The ordinate is ampere-turns to operate. 
On the range chart we have the usual control chart 
limits. The points are well inside these limits. This 
indicates that the short-term variations between meas­
urements is self-consistent and hence predictable. 

On the lower chart, the chart of averages, we have 
not drawn the limits. If we had, points would be out­
side. These outages indicate that in the long run there 
is some definite reason for disagreement among the 
measurements. Somewhat hopefully, we have drawn a 
sloping line down through these points. Maybe it indi-
ca tes an aging trend. ; 
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Fig. 3-0perate current-relay 740. 

In Fig. 3 this record has been carried through 606 
hours, as compared to 166 hours for the previous figure. 
The trend line has the same slope. We hav~ enough faith 
in it now that we have drawn limit lines parallel to the 
trend. Actually the slope of this trend is the average 
slope for 10 relays. They all stayed within limits placed 
with respect to this average trend. The ranges, or short 
term variations are still within control. 

Here we have found one reason for differences be­
tween measurements made a long time apart. This is 
simple aging. We represent this by the trend line. Other­
wise the measurements are in agreement. We think we 
are demonstrating predictability. 

How long do we keep this up? 
Fig. 4 shows the results at 5,000 hours. The top curve 

is operate current, which was shown in Figs. 2 and 3. 
The slope of this line, an average of 10 relays, is the 
same as that determined at 166 or 606 hours. 

The report for which these figures were prepared was 
written at 5,000 hours. Actually, the test was con­
tinued to 15,000 hours. Between about 12,000 hours 
and 15,000 hours-this is in the neighborhood of 2.5 
billion operations-nearly every relay gave readings 
outside the control limits. Shortly after this the test 
was stopped for other reasons. None of these 10 relays 
ever actually failed. But their characteristics became 

erratic and unpredictable. We considered that their use­
ful life was over. 

This is my example. We had a method for telling 
whether relays as made were consistent with each other 
-the simple control chart. We had a method for telling 
whether the relays aged in a manner consistent with 
themselves and with each other-a control chart 
plotted at a slope on a linearizing scale. These control 
charts are means for testing and displaying statistical 
consistency-a method of bookkeeping if you please. 
Statistical consistency, we firmly believe, is synonymous 
with predictability; and predictability is the first com­
ponent of reliability. 

Was this the perfect experiment I have painted here? 
Of course not. As the test went along we got occasional 
points out of control. These were red flags that some­
thing was wrong. One time we found a carbonized re­
sistor in the test set. Another time the test set went bad 
on a day of high humidity. 

Actually we started 12 relays on this test. Two of 
them became erratic at about 40 hours. We found their 
work circuit had been wired wrong and they were get­
ting abnormal punishment. They actually failed at 
about 600 hours. 

We started other tests after this one. At loads of some 
10 times those of these tests we got erratic behavior 
after about 500 hours. 
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Fig. 4-Dperate and release currents-average of ten relays. 

In one test of two relays we got an aging trend of a 
different slope. This pair tested individually and initially 
as good relays, but came from a batch that was known 
to contain bad relays-a demonstration of our idea that 
the relays in a batch must be individually and collec­
tively good to indicate predictability. 

Let me close with a plea to the producer of component 
devices: Make your product first of all predictable. 
The circuit boys are smart. Within reason they can 
tailor their circuits to use your product if they can 
only depend on it to do what you predict it will. But if 
it is not predictable your product is of little use to 
anybody. 
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Discussion user of the products? 

w. K. Halstead (RCA): What can be 
done to convince manufacturers to supply 
statistical life or quality control data to the 

Mr. Ferrell: You're asking a question on 
human relationships, which is outside of my 
field. I don't know of any way to persuade 
manufacturers to give you good quality 

control data except to convince them that 
they won't sell you their product unless they 
do. I do think it would help if the users of 
the equipment would make logical use of 
this data. I think in many cases they don't. 

Summary of AIEE-IRE-ACM Conference 
ALLEN v. ASTINt 

INTRODUCTION 

To A TTEM PT to summarize the disclosures of this 
important three-day conference on information­
processing systems is for me a most difficult as­

signment. Each paper was in itself a summary of exten­
sive investigations, usually covering the co-operative 
efforts of large teams of engineers and scientists. Fur­
thermore, I was unable personally to hear more than a 
few of the papers although I was fortunate in having 
advance copies of most of the others. For the remaining 
coverage I am indebted for effective reports to the good 
efforts of Miss Mary Stevens and Sam Alexander of the 
NBS staff. I am further indebted to these two for the op­
portunity of discussing highlights of many of the con­
ference papers. 

Probability the most significant feature of this confer­
ence is the overwhelming evidence of tremendous prog­
ress which has been made with information processing 
systems in ten short years. It is almost exactly ten years 
ago that construction on the first large-scale electronic 
digital computing machine, the ENIAC, was initiated. 
It is only a little more than 3 years since the first full­
scale productive operation of a large high-speed auto­
matically-sequenced machine, the SEAC. Now there are 
approximately 50 of these powerful data-processing sys­
tems in use or available for use. Estimates of such an 
impressive increase in our capacity to make computa­
tions and process information would probably have been 
treated skeptically in 1943 even by those who conceived 
and planned the EN lAC. For us now in 1953, it is most 
certainly an occasion for stock-taking. The theme of this 
conference, reliability and requirements, is essentially 
directed to such a purpose. Accordingly, the conference 
papers have been concerned with a critical analysis of 
how dependable and effective these new tools are and 
what needs to be done to utilize them and the basic tech­
niques embodied in them more efficiently and more 
widely. 

t National Bureau of Standards, Washington 25, D. C. 

In spite of the rapid progress and growth of our in­
formation-processing systems, I believe it would be pre­
sumptive and noncritical to claim that they have 
reached maturity. It would probably be more realistic to 
class the present state or growth as the adolescent stage 
-major physical growth has been accomplished and 
there lies immediately ahead intensive training, special­
ization and refinement in order that this great, some­
what raw potential strength can be fully and effectively 
utilized. 

In analyzing requirements for future development, it 
is natural to examine present utilization to determine 
gaps and possible trends. Of the present half-a-hundred 
major machines, the overwhelming majority are devoted 
to filling needs of the Federal Government, either di­
rectly in government-operated or -owned facilities or in­
directly in universities or industrial plants where work 
on government contracts provides the primary incentive 
and need for the machine. Although the present situa­
tion is reasonable and understandable because of the 
nature of the incentive for the original development of 
the machines, it is obvious that if we are to have bal­
anced utilization of their capabilities, the primary areas 
for new applications are in industry and business. A 
number of the problems involved in the extension of 
machine techniques to these areas have been clearly 
given in Mr. Davis' paper, which was ably presented to 
us by Mr. Finelli. One of the important requirements 
for more effective business utilization is greater special­
ization to meet specific requirements and less emphasis 
on all-purpose machines. Related to this, Mr. Davis 
suggested more attention to pilot-line studies and less 
effort on full automation. 

It seems apparent that if machine techniques are to 
be brought to bear to handle information-processing 
problems in the many unexploited new areas, there will 
need to be much more attention to the development of 
more highly specialized devices, and probably simpler 
and cheaper devices, to meet specific operating require­
ments. The various applications call for a wide range in 
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capacity, speed of response, and reliability. To solve 
economic problems of the input-output type and related 
logistic problems, problem-solution times of days and 
perhaps even weeks can be tolerated. To handle effec­
tively the weather prediction problem, solution times of 
the order of a few hours appear to be necessary. To han­
dle many of the inventory control, accounting and col­
lating operations of business offices, problem-solution 
times of the order of minutes will be necessary. To han­
dle real-time control systems of the sort described by 
Mr. Conn, and for the air traffic control problems, as 
described by Mr. Weihe, problem-solution times of the 
order of fractions of a second will be necessary. In gen­
eral, but not always, the requirements for memory 
capacity are greater with the most slowly solved prob­
lems and the requirements for accuracy and reliability 
are higher with the problems requiring the most rapid 
solutions. In the air traffic control problem, for instance, 
computations have to be made of alternate patterns 
and paths of events expected to occur in the new few 
minutes or even seconds. On the basis of these computa­
tions, irreversible decisions will be made which may 
affect human life. Thus reliability and speed are of para­
mount importance. 

Mr. Davis' paper pointed up another factor which 
may become increasingly important in extending the 
applications of these machines. In general, the capacity 
of these large, general-purpose tools is so great that it is 
difficult for a single business firm to use one fully or 
efficiently. Furthermore, their cost is so high that only 
the very largest of business organizations can afford the 
investment. This points to the need for considering 
seriously the possibility of central information process­
ing facilities where machine time could be leased to 
relatively small-scale users. If machines of increased 
mobility could be developed and made available, then 
machine rental on a weekly or even a daily basis might 
be practicable. It is, however, probably more realistic to 
consider for this purpose fixed machines with highly 
flexible and extensive communication systems. 

The requirement for increased ease of communication 
between numerous widely dispersed sources of raw ma­
terial or data, and a central information-processing facil­
ity is becoming more evident. An important conclusion 
from Mr. Smagorinsky's paper is that the communica­
tion problem between the point where weather data are 
collected and where they might be centrally processed 
is fundamental to the ultimate satisfactory prediction of 
weather by automatic information processing tech­
niques. The collection, sorting, summarizing, transposi­
tion and distribution of the weather data by human 
operators introduces serious time delays and serious 
sources of error. Somewhat similar communication diffi­
culties occur in the air traffic control problem either for 
military or civilian application and also in many busi­
ness accounting and inventory problems where an 
agency has widely dispersed sources of raw material or 
points of distribution. There seems to be most certainly 

a requirement for increased emphasis on the develop­
ment of widespread communication networks specifi­
cally adapted to transmitting information to and from 
centralized data-processing facilities. Perhaps it is pos­
sible that a single communication network could be used 
for a wide variety of applications on a lease basis. Fur­
thermore, it may be that only through co-operative 
utilization of such a communication net would it be pos­
sible to support it economically. 

A number of the papers at this conference were con­
cerned with reports on reliability on the basis of operat­
ing experience of the machines now in use. Two types of 
reliability appear to be involved, one related to the 
availability of the machine in working order for the solu­
tion of problems and the other related to the accuracy 
of the information processing itself. In general, th~ re­
ports indicate a high degree of reliability on both scores 
and there appear to be no outstanding differences be­
tween the various machine types. Availability of a par­
ticular machine for useful work at least 60 per cent of 
the time appears now to be commonplace and the pres­
ent upper limit appears to be somewhere between 80 
and 90 per cent. There appears no good means of meas­
uring reliability with respect to accuracy although sev­
eral methods were proposed. In general, however, this 
accuracy seems almost unbelievably high. Millions and 
millions of consecutive computations can be made with­
out error. Furthermore, there have been very interesting 
developments, as shown by Dr. Mauchlyand Dr. Gold­
stine, in the development of techniques so that what few 
errors of this kind occur, can be checked or corrected by 
the machine itself either by built-in checking techniques 
or by programming techniques. 

It is gratifying to observe that the primary difficulties 
which delayed the utilization of electrostatic memory 
devices appear to have been largely overcome although 
there still is substantial room for further development 
and improvement. It is also gratifying to observe that 
substantial progress has been made in the development 
of magnetic core memories. Perhaps such devices are 
the answer to the problem where essentially perfect ac­
curacy is required. 

There appears to be no outstanding differences in the 
causes of down-time as reported for the various ma­
chines. Mechanical failures and tube failures predomi­
nate in the lists of causes of trouble. This is, of course, 
not surprising in devices composed of thousands of 
vacuum tubes and diodes and containing hundreds of 
thousands of soldered connections. It is furthermore in­
teresting to observe that the solid-state devices, as repre­
sented by diodes, are by no means immune as sources of 
error and difficulty, although many of the difficulties 
experienced with germanium diodes appear to be of the 
type which might be eliminated if they were better 
packaged and hermetically sealed. 

There has been encouraging progress in the develop­
ments related to a number of the critical components 
employed in information-processing systems. In par-
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ticular the development of better techniques for produc­
ing magnetic tapes, as reported by Mr. Wetzel, resulting 
in less than one error in five reels of tape, is highly sig­
nificant. 

In the earlier phases of machine development, there 
was an appreciable tendency to carry the development 
of components only far enough to secure minimum per­
formance characteristics. Marginally acceptable com­
ponents are probably now the greatest obstacle toward 
increasing reliability of these machines. As pointed out 
by Goetz and Geisler, many machines require diodes 
whose performance characteristics are on the limit of 
those that can be readily produced by present produc­
tion techniques. In order that we may make substantial 
progress in increasing the over-all reliability of informa­
tion-processing systems, it will probably be necessary to 
devote more and more effort directly to component de­
velopment and attempt to obtain components whose 
performance characteristics are well in excess of mar­
ginal limits for machine performance. The work of the 
RETMA, JETEC Tube Committees, as reported by 
Mr. Briggs, is certainly a step in this direction and their 
emphasis on the necessity of attention to the time de­
pendability characteristics of tubes will probably bring 
about significant improvements in these critical com­
ponents. 

With components generally, more satisfactory results 
will undoubtedly be obtained if greater attention is 
given to predictability and consistency of performance, 
as suggested by Mr. Ferrell, or to more definitive speci­
fications, as suggested by Mr. Van Buskirk, or in taking 
more care, as suggested by Mr. Marsten, that the actual 
conditions of use do not introduce unexpected or im­
proper exposure conditions. Essentially the recommen­
dations of these last three speakers have much in com­
mon: if sound engineering techniques, coupled with 
some common sense are used in the selection, specifica­
tion and use of common components, many difficulties 
affecting over-all reliability will disappear. 

I t is not practicable in this summary to refer ade­
quately to each of the excellent papers that was given. 
Each of them did, however, contribute significantly to 
the theme-Information Processing Systems-Reliabil­
ity and Requirements. Certainly acceptable reliability 
has been established. There is much room for progres­
sive improvement of reliability; but as shown by the 
papers, those concerned with and able to do something 
about improved reliability are aware of the problems, 

and they are not idle. Relatively, the requirements pic­
ture is not in such good shape. Much needs to be done 
before the great potential benefits of these powerful new 
information-processing systems can be more fully uti­
lized not only in science and engineering where the pri­
mary initial benefits have accrued but in factories and 
production lines and in many business office types of 
operation. Also there is need, if more balanced participa­
tion in the benefits of the use of these new tools is de­
sired, of greater utilization of the techniques by private 
organizations in their own operations. To meet these re­
quirements, many different type problems must be 
solved, involving not only specialized engineering de­
velopment and related research, but economics, educa­
tion, and co-operative efforts between engineers and 
mathematicians on the one hand and accountants and 
businessmen on the other. The solution of such prob­
lems can be greatly facilitated by more systematic and 
effective communication among these groups. For this 
purpose the Joint Computer Committee of the three 
professional societies sponsoring this conference serves 
a most useful function and it is the logical group to take 
the initiative if we wish to extend the potential benefits 
of modern information processing techniques to a wider / 
group. 

I would like to congratulate the members of the Joint 
Committee for the great strides it has made in dissemi­
nating information about, and creating interest in, elec­
tronic data-processing systems. I would also like to con­
gratulate the local committee for arranging a compre­
hensive program and a stimulating meeting. 

The subject matter of this conference is of immeasura­
ble importance in three vital areas-in our national se­
curity, in our domestic economy, and in extending the 
frontiers of knowledge in the natural sciences. The first 
and last of these have already been accelerated by the 
impact of this new technology and are depending heav­
ily upon it for future advancement. The second area has 
yet to experience in any substantial way the benefits 
that are surely ahead. There are many who believe that 
the ultimate benefits to be derived in this slower-to-be­
developed area will far overshadow those in the areas 
that are now ahead. 

To those of you who are working actively in this ex­
citing field of science and technology and who have 
accomplished so much in such a short time, I offer my 
sincere thanks and congratulations. May your future 
achievements be as creditable as your present ones. 
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Group Discussi~n on Diagnostic Checks 

J. J. EACHUSt, Moderator 

A GROUP of about 60 conference members met to 
.fi. discuss diagnostic checks. Many of the con­

ferees contributed to the discussion but in this 
summary no attempt is made to associate the individual 
members or their affiliation with their comments. 

Discussion opened, logically, with an effort to define 
the distinction between marginal testing and diagnostic 
checking. The effort was not entirely successful, it being 
indicated that diagnosis to find what is wrong is not 
readily separable from systems testing to find if any­
thing is wrong. It was the general feeling that "diag­
nostic circuitry" associated with the marginal-checking 
routine should provide the diagnosis. Purely diagnostic 
tests may, however, be made without marginal checks 
by special routine programming. 

It was brought out clearly that the greatest interest 
was in connection with marginal testing for preventive 
maintenance. Further, such tests are nearly all at­
tempts to forecast the lowering of mutual conductance 
of tubes below the failure point, and in particular for 
the twenty-four hour period succeeding the test. No 
great concern was shown over details of methods to 
locate "solid" faults, the opinion being that while the 
method will depend on the particular machine, methods 
are in each case readily available. A question was 
raised as to the advisability of keeping a record of the 
actual limits of various machine sections or circuits 
under marginal test and using the change or rate of 
change of these limits to predict failure. One large com­
pany is currently trying this method. A representative 
of one college said that they had used this in exploring 
for test limits but that for routine operation a fixed-vari­
ation test schedule is easier to mechanize and that 
record keeping is greatly simplified. Fear was also ex­
pressed that continual varying of the actual limits may 
damage the equipment. 

It was the general but not unanimous opinion that 
components other than tubes and diodes are sufficiently 
reliable that testing of these, other than at long intervals 
and outside the machine, is not necessary. Divergence 
of views and of practice was indicated with respect to 

t 2802 Wisconsin Ave., N.W., Washington, D. C. 

the details of voltage variation for marginal testing; 
that is, which voltages should be varied, should the 
variations be step-wise or continuous, should incre­
ments be both positive and negative with respect to the 
standard, and should more than one voltage be varied 
at a time. There was a wide difference of opinion on the 
value and desirability of variation of heater voltage as 
a testing means. A representative of a tube manufac­
turer stated that testing with lowered heater voltage is 
a good way to detect cathode inter-face troubles. 

Concern was expressed over the lack of methods of 
testing diodes in place. It was suggested that where 
diodes are used as a self-controlled input switch to cir­
cuits such as binary counter stages the marginal tests 
applied to the tubes may reveal bad diodes. Step-voltage 
variations in the bias supplied to diode logic circuits 
was also suggested as a possibility for these circuits. 
In general, it was agreed that marginal checking of 
diodes is a difficult problem. 

An appeal was made for suggestions which might lead 
to an easier diagnosis of troubles which occur only under 
dynamic conditions or in a special sequence of opera­
tions. No diagnostic methods were suggested for troubles 
of this sort arising from variable duty cycle, addition or 
reflections in delay lines, variation of load on individual 
circuits or power supplies, other than to apply marginal 
conditions in order to transform them into consistent 
failures. In some cases detailed monitoring possibly with 
an oscilloscope is the only answer. In this connection 
experience was cited that variation of pulse rate some­
times brings to light faults not otherwise discovered. 

The question of how much money and time can be 
spent for the design of marginal checking and diag­
nostic circuitry was brought up. Replies emphasized 
that it is difficult to prejudge this in the design stage 
and that if designed-in the costs are difficult to separate 
later. The advantages of the use of error detecting and 
error correcting codes in the design of a computer 
were pointed out together with the fact that the cost of 
these is intimately interwoven into the over-all design. 

A question inviting discussion of marginal testing 
methods for analogue computers drew no response. 
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Group Discussion on Crystal Diodes 

RALPH J. SLUTZt, Moderator 

INTRODUCTION 

A GROUP OF about seventy-five people met to dis­
cuss the reliability of crystal diodes. Dr. Slutz 
acted as discussion leader. The discussions are 

summarized in the five categories treated in the follow­
ing paragraphs: 

LIFE TESTING 

To launch the discussion, the moderator raised the 
question of the nature of the life characteristic of crys­
tal diodes-whether the number still usable drops off 
suddenly at some particular life, whether the number 
falls off steadily with time as an exponential curve, or 
whether an asymptote is approached, with the remain­
ing diodes appearing to have indefinitely long life. No 
one quoted carefully-controlled experiments to distin­
guish among these possibilities, but some opinions 
favored the last-a relatively long life after an initial 
period of "weeding out" faulty units. The question was 
then asked whether tests to a given percentage of the 
initial back current of a diode would indicate more rapid 
aging for high-resistance diodes than for low ones. Meas­
urements were quoted which indicate that initially-high­
back resistance units vary faster than those with lower 
initial back resistance. 

There was some discussion of the methods of testing 
diodes for end of life. Since the resistance characteristic 
is so nonlinear, one speaker made a plea for measuring 
and talking about voltages and currents rather than re­
sistances. It also was suggested that ac observations 
should be made, with oscilloscopic observation, since 
this gives a rapid check of the shape of the character­
istic and shows changes of this shape during the observa­
tion period. The need was also mentioned for observing 
intermittent shorts or opens, particularly under vibra­
tion or tapping. 

TRANSIENTS IN DIODES 

Everyone seemed to have had trouble with either for­
ward or backward transients. Storage and diffusion of 
charge carriers cause widely different volt-ampere char­
acteristics from the normal dc characteristics, occurring 
in the microsecond range. One speaker said he had ob­
served transient responses to be much improved by 
operating diodes at reduced currents and voltages. 

t National Bureau of Standards, Washington, D. C. 

HUMIDITY 

A good part of the discussion was about humidity 
effects on diodes. It was reported that diodes in a vac­
uum are very stable, but for practical units everyone 
agreed that a combination of high temperature and high 
humidity is likely to cause difficulty. The humidity ef­
fects show up more readily on cyclic tests than on con­
tinuous exposure to constant temperature and humidity. 
It was agreed that very careful sealing of the units can 
do much to reduce the effects of humidity, but it was 
stated that glass seals are not cure-alls-a ceramic can 
be as good as glass if special care is given to the impreg­
nant, but active chemicals sealed within a glass unit 
can cause havoc. 

OTHER DJODES 

At one point the discussion was broadened to include 
other diodes. Some of these were gold-bonded germa­
nium, and junction diodes of selenium, germanium, and 
silicon. Silicon diodes have in general a higher forward 
resistance, but a much higher back resistance than ger­
manium. It was pointed out that selenium diodes de­
teriorate when left without applied back voltage. Ex­
perience was quoted in which selenium diodes carrying 
continuous forward current for several days suffered 
changes in the back characteristic of up to 1,000: 1. 
Other experience was quoted in which selenium diodes 
were successfully operated for hundreds of hours at 
half the back voltage to which they had been originally 
formed. On the other hand, preliminary ex'perience with 
silicon junction diodes indicates not only do they have 
very good high-temperature performance, but no deteri­
oration was observed in several thousand hours of life. 

OPERA TING EXPERIENCE 

So far it has been difficult to interpret operating ex­
perience at a particular installation in quantitative 
terms of diode life. At one computer, only 230 out of 
17,000 diodes have been replaced in 18 months of opera­
tion, but these were replaced as they were found to 
cause malfunction, and not as a result of repeated test­
ing of all of the diodes in the computer. Oftentimes 
there are particular computer locations where diodes 
may deteriorate by orders of magnitude before causing 
trouble. 

In general the discussion pointed out a need for more 
closely-controlled experience before we can say very 
much about the quantitative aspects of diode life. 
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Group Discussion on Technical Applications 

G. W. PETRIEt, Moderator 

T HE GROUP discussion involved about 60 in­
dividuals representing both manufacturers and 
users of computing equipment. 

Questions discussed were the following: 
1. Are there better ways of coding machines for com­

puting problems? 
2. Where can one obtain mathematical service for 

analysis of machine operations such as determin­
ing the numerical code for a milling machine? 

3. Is it more efficient for everyone to do his own cod­
ing for technical applications, or should a small 
group do the coding for all customers of the com­
puting facilities? 

4. What provisions must a programmer make for 
machine failure, power interruption, or other break 
in calculation? 

5. In floating-decimal operations, what extreme 
ranges of exponents have been encountered? 

6. How can one compare a digital computer with a 
differential analyzer for real-time control prob­
lems? Is there experience bearing on this subject? 

7. What can be done to prevent customers from re-
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questing excessive amounts of machine time due to 
unnecessarily large ranges of parameters? 

The discussion revealed a wide range of opinion on 
almost all of the questions considered. Advantages of 
decentralized coding appear to be: The individual con­
cerned retains complete control of his problem; he be­
comes acquainted with full-machine capabilities; he can 
accommodate the program to changes in the formula­
tion of the problem; he avoids the communication delay 
of making his problem familiar to a coder. Advantages 
for a centralized coding group appear to be: More effi­
cient coding because of an experienced coder familiar 
with all routines already available; the use of computing 
facilities which would otherwise be ignored because of 
the disinclination of engineers and researchers to do 
their own coding. 

Extreme ranges for exponents of ten in floating-deci­
mal operations cited to the group were -106 to +8 in 
an actual problem, while in another problem provision 
was made to include - 236 to + 236. 

The discussion pointed directly to the fact that indi­
vidual computing services adapt themselves readily to 
the needs of their sponsors instead of searching for a 
theoretically optimum mode of operation. 

Group Discussion on Magnetic-Tape Standards 

ALLEN SHOUPt, Moderator 

ABOUT THIRTY-FIVE persons attended an in­.rt formal discussion regarding problems and points 
of interest pertaining to magnetic tape for use in 

the computer field. Several engineers explained some of 
their tape problems and the assembly in general very 
co-operatively offered helpful suggestions. There was 
considerable discussion regarding standardization of 
tape. It is impossible at this early date to set any stand­
ards, but various issues were submitted for considera­
tion and these are being presented in this report. 
Everyone interested is invited to write the chairman 
regarding any of these subjects or any new items which 
they would like to discuss. After this information has 
been exchanged and collated, tentative standards will 
be formulated and distributed for comment. It is under­
stood that although it will be some time before all the 
machines in the industry can become standardized, the 

t Shoup Engineering Co., Chicago, Ill. 

present discussion may be of help to engineers starting 
new designs because they will be cognizant of the trend 
at this time. 

DEFINITIONS 

As a prelude to standardization, accurate definitions 
must be established. Definitions in the magnetic-tape 
field must reflect the thinking of a major portion of the 
engineers and manufacturers involved. The chairman 
would appreciate the opportunity to pursue this matter 
further by receiving comments and suggestions, both for 
items to be defined and associated definitions. Upon re­
ceipt and consolidation of this material, a summary re­
port will be distributed. 

METHOD OF TEST 

Recommendations for standardization of tape factors 
must include the method by which factors are measured 
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experimentally. A standard cannot be established with­
out specifying method of test, thus allowing industry to 
conduct its measurements with recognized procedure. 

RECOMMENDATIONS FOR STANDARDS 

The establishment of standards of magnetic-tape 
parameters will be of mutual value to the industry. 
The standards should be in terms of variables which 
can be expressed in a quantitative manner. Among the 
factors which require standardization are the following: 

Signal-to-Noise-Ratio 

,In addition, to the properties of the tape, this ratio is 
a function of the frequency range, tape speed, tape 
weave, track width, type of head, and the way the 
mechanism holds the tape against the head. The tape 
should be measured under closely controlled conditions 
so that the results will reflect the properties of the tape 
rather than the properties of the equipment. The signal 
level must be specified in terms of the magnetic-satura­
tion properties of the tape; it may be the signal which 
causes a specified percentage of harmonic distortion 
under standard conditions of bias frequency and tape 
speed. Standard methods of measuring noise level are 
available; however, care must be taken to exclude signal 
variations due to factors such as contact variations and 
flutter. Ideally, the signal-to-noise ratio for standard 
tapes should be of the order of 60 to 70 db. 

Width of Tape 

A great variety of tape widths are now being used· 
The engineers in attendance indicated the use of tapes 
with the following widths-! inch, ! inch, T'o inch, 
1 inch, 1! inches, 2 inches, 2! inches, 3 inches, 4 inches, 
35 millimeter, 17t millimeter, 16 mm single sprocket, 
16 mm double sprocket. It would be advantageous to 
establish standard widths, such as tinch, 1 inch, 2 
inches. and 3 inches, so that the manufacturers could 
stock these widths. A reduction of the number of widths 
used on magnetic-tape recorders implies a curtailment 
of the number of track widths in use. There is evidence 
to support the concept that a change of track width 
can be accompanied by a change in useful packing factor 
to maintain constant the area of tape used in a particu­
lar application. In some instances, the tracks can be 
made wider, thereby allowing tape speed to be reduced 
to a point at which there could even be a saving in tape. 

Track Widths 

The group indicated that most of the tracks used are 
from 30 to 40 mils wide, but there are machines with 
track widths of 18, 25, 36, SO, 70, 88, 102 and 128 mils. 
During the discussion on this subject it appeared that a 
considerable number of the group were having trouble 
on the tape with very small bumps of emulsion (nodules) 
and with tape weave, with the result that pulses were 
missed. The chairman told the group that his company 
had overcome this difficulty completely, due mostly to 
the use of wider tracks (93 mils). Since 93 mils is the 
commercial standard this would be good standard to 
adopt. 

Maximum Useful Tape Packing Factor 

In general, the maximum useful tape-packing factor 
is limited by the design of the head. However, with 
continued research into increasing the packing factor a 
condition may arise making the tape a contributing 
factor in the packing-factor limitation. In the field of 
recording at video frequencies, it has been found that 
the type of magnetic material used can affect materially 
the response of the tape in the megacycle region. A 
standard test at audio and video frequencies will insure 
that the tape will have certain minimum capabilities 
at high frequencies. 

Tape Factors Causing Flutter 

Physical properties of the tape such as thickness, 
width, and stiffness variations, will in general cause 
flutter and tape weave. Expert mechanical design of the 
transport mechanisms can reduce the effect of these 
variations, but the establishment of standards on the 
physical properties of the tape which contribute to 
flutter could benefit manufacturers of all classes of tape 
recorders. 

Mechanical Characteristics 

The group expressed an interest in mechanical fea­
tures of the tape. For some of the parameters, sug­
gestions were received from the floor, as noted in the list 
below. 

(a) Tensile strength. 
(b) Number of passes through machine. 
(c) Tolerance on width of tape. 
(d) Tolerance on the edges of the tape conforming to 

a straight line rather than a slight curvature. 
(e) Length of reel-2,400 feet was suggested. 
(f) Thickness of tape and tolerance on the thickness. 
(g) Properties of the surfaces of the tape. 
(h) Temperature characteristics (flexibility at low 

temperatures; tensile strength, surface condi­
tions, etc. at high temperatures). 

(i) Stiffness of tape. 
(j) Emulsion characteristics (to what degree the 

emulsion tends to scratch or pile up at some spot 
in the mechanism). 

(k) Humidity characteristics of tape. 

Tape Storage 

Some discussion centered about the length of time 
that tape records would be required to be kept. The con­
census was that a tape need retain its magnetization and 
mechanical characteristics for at least one year but not 
more than two. 

The specifications of the National Bureau of Stand­
ards Computer tape system as described by Dr. S. N. 
Alexander, as well as those of several other groups repre­
sented at the meeting, were kindly offered to the com­
mittee by the representatives present. The chairman 
would welcome additional specifications from groups 
wishing to encourage the standardization program. 
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Group Discussion on Commercial and Industrial 
Applications of Computers 

w. F. FRESEt, Moderator 

T HE DISCUSSION at this session, attended by 
about 100 people, related almost entirely to the 
application of electronic techniques to govern­

ment and commercial accounting systems. The chair­
man first summarized the implications of the govern­
ment's joint accounting improvement program. In the 
past five years, the emphasis has shifted from uniform­
ity of practice in the various agencies to greater de­
centralization, with details handled and responsibility 
located at or near the point of origin of information. 
The amount and type of mechanization has been put up 
to individual agencies; central authorities co-operate 
with all agencies, and are constantly looking for methods 
that reduce duplication of effort. The concept of what 
accounting should accomplish has broadened, and there 
is now less interest in historical record-keeping, and 
much more on provision and integration of the phases 
required (financial, cost, inventory, etc.) to provide in­
formation needed for current action of management. 

There was considerable discussion of the procedures 
and operations involved in the payment and reconcilia­
tion of Government punched-card checks (of which 
nearly 300,000,000 are issued per year) and the in­
tensive studies being made to consolidate and integrate 
payment and reconciliation operations through applica­
tion of electronic computers and related techniques. 

This example elicited questions as to difficulties with 
multilation of punched-card checks. Initially multilation 
ran as high as 10 per cent, but continuing educational 
programs keep it below 2 per cent, which is entirely ac­
ceptable. Similar experience was cited for the punched­
card money orders now used by the Post Office. Refer­
ence was also made to the work of the First National 
Bank of Chicago in this area; card presses developed for 
them, which reshape creased or folded cards, have 
pushed below 1 per cent the fraction of cards unaccepta­
ble to machines. Development of magnetic inks, as a 
substitute for punching, was also mentioned. 

The discussion then turned to difficulties in obtaining 
management acceptance of full electronic accounting 
systems. It was emphasized that their application re­
quires breaking through present organization lines to 
achieve an economical integrated system by consolida­
tion of related operations. Some speakers felt the neces­
sary functional reorganization would be hard to sell man­
agement, but demonstrable economy would ultimately 
win out; others felt top management easily sold, though 
admitting it would be hard at lower levels. 

The next question related to machine accuracy actu­
ally necessary for accounting applications. Accountants 
present indicated willingness to evaluate this by realis-
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tically comparing over-all costs of the calculated risk 
approach with that of complete accuracy, wherever the 
comparison can be done with reasonable realibility. 

Inquiry was made as to the acceptability of magnetic 
tape as a primary accounting record, and its status as 
legal evidence. The discussion indicated that the specific 
question could not yet be answered; no instance of use 
of tape as primary record was brought to light. How­
ever, many situations were cited, where tape could serve 
as a convenient and economical means of locating a 
needed primary record or information derived from it, 
with the record itself preserved in another form of un­
questioned legal status. Several of these involved fre­
quent searching of files of millions of items. The use by 
the Army, of decks of punched cards as substitutes for 
written reports on the status of supply inventories, was 
also noted; in this connection, the desirability of radio 
and land-line communication links designed to tie to­
gether the parts of geographically distributed data­
processing systems was brought out. 

A number of questions related to the availability of 
smaller, less expensive electronic units suitable for small 
business, and of information on them and on their 
proper utilization. These brought forth a number of 
answers. One was that many companies are building or 
developing computers in the $50,000 to $100,000 class. 
A second was that it does not take as much to justify 
the cost of a large computer for accounting operations 
as is often thought; specifically, that a large computer 
operating as much as ! shift per day will frequently 
prove economical. Third was that a computer of any size 
is essentially a time-sharing device, and thus admirably 
adapted to serving a number of small companies who 
jointly support it. In this respect, several small users 
would be in much the same position as a number of de­
partments of a large organization; the additional ad­
vantage that nondisclosure of data to subsequent users 
is much easier to ensure than with (say) punched-card 
equipment was also pointed out. The listing of com­
panies and their developments in "Computers and Auto­
mation" and the ONR Digital News Letter, henceforth 
to be published in the ACM magazine, and the existence 
of consulting engineering firms equipped to serve pros­
pective accounting users, was also mentioned. 

The need for more effective communication between 
accountants and computer engineers was mentioned re­
peatedly during the session; while there was some differ­
ence of opinion as to means of improving the mutual 
understanding between the users and the manufactur­
ers, there was general agreement that professional soci­
eties could make a great contribution to the effective 
application of electronic computer techniques in busi­
ness by clearing the channels of communication. 
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After-Luncheon Remarks 

H. R. J. GROSCHt 

I CANNOT help feeling flattered by our chairman's 
introduction. In referring to me as an expert, how­
ever, he put me under the obligation of reminding 

you of the definition: "X" stands for an unknown quan­
tity, and "spurt" is a drip under pressure! 

Our field has had a most remarkable growth in the 
last half decade. Counting exhibitors, paid registrants, 
and guests, we have about fourteen hundred people at 
this three-day meeting. Those of us present at this 
luncheon would have been considered quite a sizable 
computer group five or six years ago. It is probably safe 
to say that there is no other field of technology which 
has grown so rapidly as our own. And I include even 
television, at least technically, although we have to 
admit that so far they have tapped a slightly larger 
mass market! 

One of the things that is most encouraging in the 
computer field is the strong increase in interest we can 
now observe in the detailed control of manufacturing 
processes and in factory automation. The first involves 
both operations research and the mechanization of 
clerical operations; the latter brings us close to the real­
time control problem, since it envisages the actual con­
trol of tools by digital programming devices. 

Earlier in this meeting we heard a paper by Vernon 
Weihe on another aspect of real-time control, namely, 
the mechanization of the air-traffic-control problem with 
a digital computer as the central logical organ. There is 
little doubt that this class of problems, requiring ac­
curate decisions over a complex field of information at 
more than human speeds, represents tremendous ap­
plication potential. 

There is still another field in which we may expect 
major developments: a short label might be "informa­
tion retrieval." The insurance companies, from whom we 
have heard at this meeting, the magazine subscription 
offices, patent and legal searchers, technical libraries, 
and many other agencies are faced daily with searching 
problems which tempt us by their size, complexity, and 
even their commercial importance. 

We are so prosperous now, and of such interest to the 
business and popular press, that it has become quite 
difficult even for applications men to keep track of all 
these new areas of interest. A new class of experts-or 
perhaps in view of our chairman's introduction, I had 
better use the term "synthesists"-who are interested 
in the broad application of high-speed computers in all 
fields, has recently been given considerable prominence. 
I have named this species in honor of its earliest and 
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best known proponent, but in spite of this, I am sure 
that the species is valuable and will continue to flourish. 

I should now like to pass to a more serious topic. We 
have had increasing support, at this and other recent 
meetings of the hardware and application fraternities, 
for the views that I used to express back in 1948 and 
1949 on the growing shortage of personnel. There is no 
question about successful development and use of high­
speed information-processing equipment depending al­
most entirely on the availability of high-class systems 
engineers, experienced numerical analysists, and imag­
inative programmers. Educating these people, and giv­
ing them working experience, has been and continues 
to be one of the most difficult bottlenecks in the expan­
sion of our field. Some universities have made a begin­
ning, and even their mathematics departments no longer 
shy away from our area, but unfortunately outstanding 
institutions like M IT have a bad habit of consuming 
most of their own output! The problem is now taken 
seriously by everyone, however, and I am sure that 
both university and manufacturer training programs 
will grow in size and effectiveness. 

It is now time for us to think seriously about another 
area which requires support for its expansion. This sup­
port must come from industrial users and from com­
puter and computer component manufacturers; the 
current emphasis on economy in government, which un­
fortunately appears to hit the most worthwhile research 
projects first, makes it unlikely that federal support in 
this field will be continued; certainly such support will 
not be increased. This field may be conveniently labeled 
as research programming. It includes such efforts as 
Grace Hopper's compiler routines, Tony Oettinger's 
conditioned-reflex-Iearning study, and Strachey's checker 
playing. It also should include our early adventures in 
minimum latency drum-computer programming, pro­
grammed redundancy checks, numerical methods such 
as bivariate function approximation, and paper studies of 
the economics of simulation. Other topics at a similar 
research level will occur to all of you, even those most 
concerned with componentry. 

Research programming requires support for lengthy 
periods of time. Commercially, valuable results are not 
to be guaranteed, although they almost certainly will 
appear. The analyst who is to follow an idea which may 
later generate an entirely new field of application will 
frequently not be interested in immediate commercial 
results. I think of Shannon's maze-solving machines as 
an outstanding example. Yet, like basic research in 
older fields like solid-state physics or biochemistry, it is 
tremendously important that we have at least a small 
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segment of our technical people working at long range 
problems of their own choosing. For this class of in­
vestigation I should like to appeal strongly for at least 
two sources: small research groups within the organiza­
tions of the large manufacturers in our field, and in­
dustrial and federal-perhaps National Science Founda­
tion-support of university efforts. All of you recognize 
prototypes of both classes, but I am calling for at least a 
tenfold expansion in the next three or four years, if we 
are to utilize the full potentialities of the new genera­
tions of computing equipment as they become avail­
able. Research in this programming area can be tre-

mendously stimulating to our entire field of interest, and 
over a long period of time can pay big dividends to our 
increasingly technical civilization, but support is re­
quired now, on an increasing scale, and with a wider 
geographical distribution. 

I wish that everyone of you who has connections with 
an imaginative management would consider soliciting 
its support for this sort of work, either within your own 
company or branch of government or by support of 
specialized university fellowship and research programs. 
In this way we can all help keep the tremendous ex­
pansion of computer applications at its current height. 


